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Mechanical Analysis of Extracted Aggregate
AASHTO T30 (1998)

Equipment

a. Nest of Sieves: upper sieve No. 10 or 16 (2.00 or 1.18mm) sieve.
lower sieve a No. 200 (0.075mm) sieve.

b. Oven or hot plate capable of maintaining 230 + 9°F (110 + 5°C).
c. Balance capable of weighing to 0.1% of sample mass (0.1 g).
Procedure
a. Sample consisting of all aggregate after extraction.
b. Minimum mass of mix sample based on nominal maximum size.
c. Sample placed in container and covered with water.
d. Wetting agent added.
e. Contents agitated vigorously.
f. Wash water poured through nest of sieves.

1. Washing continued until wash water is clear.

g. Material placed in pan.

h. Material dried to constant mass at 230 + 9°F (110 + 5°C) .
i. Material weighed to nearest 0.1 percent (0.1 gram).
j- Material sieved on specified sieve sizes.

1. Sieving continued until not more than 0.5 percent by mass of
total sample passes a given sieve in 1 minute.

k. Each fraction of aggregate weighed.

n. Does summation of aggregate mass check against total washed
dry mass within 0.2 percent?

All calculations performed correctly.
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Bulk Specific Gravity of Compacted Bituminous Mixtures
Using Saturated Surface-Dry Specimens

AASHTO T166 - 00 Method A
Equipment
a. Balance and Suspension:
1. Conforms to M231 for class required (sensitive to 0.1 g).
2. Suspension from center of balance pan.
3. Suspension wire of smallest practical size.
4. Holder and sample completely immersed.

5. No trapped air bubbles exist under specimen.

b. Water Bath:
1. Equipped with overflow outlet.

2. Deep enough to completely immerse holder and sample.

c. Room Temperature Definition:

1. Room temperature 77 + 9°F (25 + 5°C).

Procedure

a. Molded specimens cooled to room temperature.
b. Mass of dry sample in air (A) determined in grams.

c. Sample immersed in water bath.
1. Immersed for 4+ 1 minutes.
2. Water at 77+ 1.8 °F (25 + 1°C).

3. Specimen weight in water (C) determined.
d. Sample removed and blotted with damp towel.

e. Saturated surface-dry mass determined (B).

f. Percent water absorbed determined to be less than 2 percent.
% Water absorbed = (B-A)/(B-C) x 100

g. Bulk specific gravity calculated: A/(B-C).

h. Bulk specific gravity reported to nearest 0.001.



10.

11.

12.
13.

14.

15.
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Maximum Specific Gravity of Bituminous Mixtures
AASHTO T209
Flask or bowl calibrated.
a. Flask or Bowl weighed suspended in water after 10 = 1 minutes (B).
Sample obtained by splitting or quartering. [Indicate method used]
Mass of sample as follows (samples larger than the capacity of the

container may be divided into suitable increments, tested and the results
averaged). [Indicate the particle & sample size used.]

Largest Particle Size Minimum Sample Size (g)
2in (50 mm) 6000
1%2in (37.5 mm) 4000
1in (25 mm) 2500
3/4 in (19 mm) 2000
1/2in (12.5 mm) 1500
3/8 in (9.5 mm) 1000
No. 4 (4.75 mm) 500

Particles of sample separated.

Care used not to fracture mineral fragments.

After separating, fine aggregate particles not larger than %z in (6.3 mm).
Sample at room temperature.

Flask or Bowl weighed in air (C).

Sample placed in flask or bowl and weighed in air (A).

Water at approximately 77°F (25°C) added to cover sample.

Vacuum increased until manometer reads 27.75 + 2.25 mm Hg.

Entrapped air removed using partial pressure for 15 + 2 minutes.

Container and contents agitated vigorously by mechanical device or
manual shaking at intervals of 2 minutes.

Release of entrapped air facilitated by addition of wetting agent. (optional)

Release of vacuum by increasing pressure at a rate not exceeding 8 kPa
per second (60 mmHg per second).

Bowl and contents immersed in water for 10 £ 1 minutes
Weight recorded (D).

Maximum specific gravity calculated and reported to nearest 0.001.
Max. specific gravity = (C-A) / (C-A) - (D-B)
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Percent Air Voids in Compacted Specimens
AASHTO T269

Bulk specific gravity determined according to AASHTO T166
Maximum specific gravity determined according to AASHTO T209
Percent air voids calculated in accordance with the following:

Percent air voids = 100 x[1-(bu|k sp gr/ max sp gr) )



OR

OR

Resistance of Compacted Bituminous Mixture to
Moisture Induced Damage AASHTO T283 (TSR)
Equipment
a. Marshall hammer conforming to AASHTO T245
b. Gyratory compactor from Approved List.
Vacuum Apparatus
a. Vacuum container, preferably Type D from ASTM D 2041

b. Vacuum pump or water aspirator including manometer or vacuum
gauge.

Balance conforming to AASHTO T166 (sensitive to 0.1 g)
Water Baths

a. Conforming to AASHTO T166 (proper depth w/overflow outlet)
b. Capable of maintaining a temperature of 140+£1.8°F

c. Capable of maintaining temperature of 77 + 1°F

Freezer capable of maintaining 0+5°F.

Forced Air Oven capable of maintaining 350+5°F

Testing Apparatus
a. Loading jack and ring dynamometer (AASHTO T245).

b. Mechanical or hydraulic test machine (AASHTO T167).

Miscellaneous
a. Plastic bags.
b. 10 mL graduated cylinder.

c. Aluminum pans 1 inch deep with bottom surface area 75-100
square inches.

Sample Preparation
a. Sample prepared in accordance with spec for lab or field
specimens. (Lab mixed sample requires proper curing and

conditioning.)

b. Specimens compacted in 2.5 x 4 inch (Marshall) or 3.75 x 6 inch
(Gyratory) molds at 7.0 £0.5 % air voids.

1. Base mix scalped prior to compaction with Marshall hammer.

c. At least six cores compacted.
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Resistance of Compacted Bituminous Mixture to
Moisture Induced Damage AASHTO T283 (continued)

Specimen extruded and allowed to cool to room temperature (24
hours).

Maximum specific gravity determined in accordance with AASHTO
T209

Specimen thickness determined by ASTM D3549

Bulk specific gravity determined in accordance with AASHTO T166
Method A for each specimen.

Air voids calculated in accordance with AASHTO T269

i. Specimens sorted into two equal subsets so that average air voids

of each subset is approximately equal.

Preconditioning of Subsets

Dry Subset

a.
b.

C.

Dry subset stored at room temperature until tested.
Dry subset placed in plastic leak proof bag.

Dry subset placed in water bath at 77°F for two hours prior
to testing.

Conditioned Subset

a.

—h

Specimen(s) placed in vacuum container supported above bottom by
minimum 25mm (1”) perforated spacer.

Container filled with room temperature potable water.
Specimens have at least one inch of water above their surface.

Partial vacuum (97.5-502.5mm Hg) applied for short time (5-10
minutes).

. Vacuum removed and specimens allowed to stay submerged for short

time (5-10 minutes).

Bulk specific gravity determined in accordance with AASHTO T166.
Saturated surface-dry mass of conditioned samples compared with
original saturated surface-dry mass and volume of absorbed water

calculated.

Degree of saturation determined (must have 70-80 percent)

Specimens covered tightly with plastic film and placed in plastic bag
containing 10mL of water and placed in freezer(0£5°F) for minimum 16
hours.

Specimens placed in 140+2°F water bath for 24 hours.
Plastic bag and film should be removed as soon as possible.

8
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Resistance of Compacted Bituminous Mixture to
Moisture Induced Damage AASHTO T283 (continued)

i. After 24 hours, specimens removed and placed in 25°C ( 77°F)
water bath for 2 hours.
Testing

a. Specimens removed from 25°C ( 77°F) water bath and thickness
measured.

b. Specimens placed between the steel loading strips.

c. Specimens and loading strips placed between bearing pads in the
testing machine.

d. Load applied at a rate of 2 inches per minute.

e. Indirect tensile strength determined for each specimen.
f. TSR value calculated
Calculations performed correctly.

a. Optional — recommend use of a data sheet or worksheet.
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Ignition Method
Virginia Test Method 102 (VTM-102)

Ignition Oven Calibration Factor Procedure

a. Ignition oven preheated to 538°C (1000°F).
b. Calibration factor of 0.00 entered.

c. Fourindividual calibration specimens prepared at optimum asphailt.
1. RAP AC accounted for in total AC.

d. Sample mass conforms to requirements based on nominal max. size.
e. Butter batch used before mixing.

f. “Blank” aggregate specimen weighed and tested according to
AASHTO T30 (Mechanical Analysis of Extracted Aggregate)

g. Samples mixed and placed in basket.

1. Samples preheated to 257°F if allowed to cool.
h. Weight of sample basket and catch pan recorded.

i. Sample evenly distributed in baskets.
1. Materials kept away from edge of basket.

2. Material leveled.
j. Weight of sample basket, catch pan, and material recorded.

k. Initial sample weight recorded. Remember - Sample weight must be
within 0.1% of intended batch weight.

I. Sample weight entered into ignition oven.

1. Verify correct weight is entered.

m. Sample placed in oven.

1. Appropriate safety equipment used (optional).

n. Total sample weight (with baskets) within £5 grams.

1. If not, basket checked to insure no contact is being made with
inner walls.

o. Start/stop button pushed to begin testing.

p. Start/stop button pushed when audible stable indicator sounds.

10
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Ignition Method
VTM-102 (continued)

g. Sample removed from ignition oven and allowed to cool to room
temperature

r. Gradation performed on residual aggregate.
s. Repeat for other specimens.

t. Calculate correction (calibration) factor. If the difference between any two
asphalt binder contents from the four specimens exceeds 0.15 percent then
discard the high and the low result and report the average MCA resulting
from the remaining two specimens. Always submit the four burn tickets
with the mix design.

Sample Preparation for Routine Testing

a. If necessary, mixture warmed in pan (257 + 9°F) to constant weight.
b. Sample obtained by splitting or quartering. (Indicate method used)

c. Size of Sample (not more than 500 g greater than minimum weight).

Nominal Maximum Minimum Sample
Aggregate Size Mass in grams
1% 37.5 mm 4000*
1in 25.0 mm 3000*

3/4 in 19.0 mm 2000

1/2 in 12.5 mm 1500

3/8in 9.5 mm 1200

No 4 4.75 mm 1200

* Sample may be split and results combined using weighted average

d. Sample baskets tared and weight recorded.

e. Sample divided into equal portions for top and bottom basket.

f. Baskets set in drip pan when loading and care taken not to lose fines.
g. Sample spread with heated spatula into thin even lift.

Determination of Asphalt Content by Ignition Method

a. Furnace preheated to 538°C (1000°F).

b. Correction (calibration) factor for specific mix design entered.

c. Sample weight with baskets determined and recorded to nearest gram.

d. Initial sample weight entered and verified in furnace controller.

11
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Ignition Method
VTM-102 (continued)

e. Sample loaded into furnace and total weight (including baskets)
verified prior to initiation of test.

f. Proper safety equipment worn when loading sample (optional).

g. Sample removed promptly when audible stable indicator indicates
constant weigh achieved.

h. Proper safety equipment worn when removing sample (optional).
i. Sample allowed to cool to room temperature in safety enclosure.
Gradation Determination

a. Entire contents of sample baskets and drip pan emptied into flat pan,
sample baskets cleaned into flat pan with a wire brush.

b. Sample weight determined to nearest 0.1 percent (1 gram for sample
sizes greater than 1000 grams) for gradation

c. Gradation analysis performed in accordance with AASHTO T30.

12
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Standard Method for Preparing & Determining the Density of
Hot-Mix Asphalt (HMA) Specimens by Means of the Superpave Gyratory Compactor
AASHTO T 312
1. Gyratory Compactor
a. One from approved list.
2. Molds (at room temperature)
a. Inside diameter 149.90 to 150.00 mm.
b. Atleast 250 mm high.
c. Walls at least 7.5 mm thick.
3. Ram and base plate faces

a. Ground flat.

b. Diameter of 149.50 to 149.75 mm.

4, Balance capable of weighing pills; readable to 1 gram.

5. Forced draft oven thermostatically controlled to + 3°C.

6. Thermometers armored, glass or dial-type with metal stems.

7. Verification of calibration (following items checked periodically)

a. Ram pressure
b. Angle of gyration
c. Gyration speed
d. LVDT or other continuous height recorder
e. Mold dimensions
f. Plate faces
g. Oven temperature
8. Preparation of Apparatus
a. Main power switch turned on for required warm up period.
b. Angle, pressure and gyration level set.

c. Bearing surfaces lubricated per manufacturer’s instruction

13
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Standard Method for Preparing & Determining the Density of

Hot-Mix Asphalt (HMA) Specimens by Means of the Superpave Gyratory Compactor

10.

11.

AASHTO T 312 (continued)

Preparation of Mixture - Lab Prepared Specimens

a. Aggregate fractions weighed into separate pan and combined to
desired batch weight.

b. Aggregate and binder placed in oven and heated to mixing
temperature.

¢. Mixing and compaction temperatures used from specification.
[sect 211.03(d)6 of Specifications]

d. Mixing bowl charged with aggregate and dry mixed.

e. Crater formed in aggregate and binder added.

f. Aggregate and binder mixed quickly and thoroughly.

g. First mixing used as butter batch and discarded.

h. Mix placed in pan and spread to even thickness from 1 to 2 inches.

i. Mix placed in oven set at compaction temperature and aged in
accordance with AASHTO R 30 (2 hours at compaction temp)

j- Mixture stirred every 60+5 minutes.

k. Mix removed from oven and compacted at end of aging period.
Preparation of Mixture - Plant Prepared Specimens

a. Loose mix brought to compaction temperature by uniform heating.
Compaction of Specimens

a. Mold, base plate, and upper plate (when required) removed from
oven and paper disk placed on bottom of mold.

b. Mixture placed in mold in one lift, leveled, and paper disk and upper
plate (when required) added.

c. Mold loaded into compactor and compaction started. (height
recorded to nearest 0.1 mm)

d. Compactor shuts off when completed.
e. Mold removed and specimen extruded.
f. Paper disks removed.

g. Specimens conform to height requirement of 115 + 5 mm.

14
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Method of Test for Measurement of Permeability of Bituminous Paving Mixtures
Using A Flexible Wall Permeameter
VTM-120
EQUIPMENT:
1. Vacuum container, pump, water bath, and balance as given in T 209 (RICE test).

2. Thermometer capable of measuring water temperature to nearest 0.1°C (0.2° F).
3. Manometer as specified in T 209 (RICE test)
4. Graduated cylinder: - inner diameter of 31.75 £0.5 mm (1.25 £0.02 in.).

- graduated in mm.

- capacity of approx. 500 ml (17 oz.).

-Lower timing mark positioned 20 £ 1 cm (8 £ 0.5 in.) from top of specimen.
Graduated cylinder, 100 ml capacity (min.), with 1 ml or smaller graduations.
Sealing tube - a flexible latex membrane capable of confining the specimen.
Cap Assembly w/ expanding o-ring.

- supports the graduated cylinder.
- underside tapered at angle of 10 + 1°.
8. Pedestal Plate w/ expanding o-ring
- Opening with minimum diameter of 18mm (0.71 in.).
- Top side of lower cap tapered at angle of 10 + 1°.
9. O-rings capable of maintaining seal.
10. Frame and clamp assembly capable of expanding the o-rings.
11. Air pump capable of applying 103 kPa (15 psi) pressure and also vacuum.

a. Pressure gauge with range of 0 — 103 kPa (0 — 15 psi) with £ 2% accuracy.

b. Quick connects for vacuum and pressure lines.

12. Outlet Pipe — 50.8 mm (2.0 in.) long; inner diameter of 18 mm (0.71 in.).
a. Flow line of outlet pipe is level with bottom of specimen

13. Valve positioned upstream of outlet pipe.

14. Spacer — perforated. Capable of supporting the specimen at least 25 mm (1 in.)
above the vacuum container bottom.

15. Stopwatch capable of measuring to at least the nearest 0.1 s.

16. Meter stick capable of measuring to nearest 1 mm (0.5 in.).
17. Caliper capable of measuring to nearest 0.1 mm (0.01 in.).
18. Sealing agent (petroleum jelly) and spatula.

19. Saw for wet cutting specimens to desired thickness (optional).

20. Supply of non-aerated tap water at room temperature.

15
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Method of Test for Measurement of Permeability of Bituminous Paving Mixtures

Using A Flexible Wall Permeameter
VTM-120 (con’t)

TEST PROCEDURE:

1.

2.

3.

Laboratory prepared samples:

+ Compacted to specified height in gyratory compactor and allowed to cool.
Nominal Maximum Aggregate Size, mm (in.) Specimen Height, mm (in.)
9.5 (3/8”) 38.1+2 (1.5£0.1in.)
12.5 (1/2") 381+2 (1.5+£0.1in.)
19.0 (3/4") 50.8+2 (2.0+0.1in.)
25.0 (1.0") 63.5+2 (25+0.1in.)

Diameter measured in 2 perpendicular directions to nearest 0.5 mm (0.02 in.)

Thickness measured at 4 equidistant locations to nearest 0.5 mm (0.02 in.).

Bulk Specific Gravity determined.

Regression Method — 3 sets of 3 (9 total) specimens made over the
range of air voids specified.

Single-Point — 5 specimens compacted averaging 7.5% voids;
range of voids < 1.0%.

Roadway Cores:

L

L

¢

¢

Individual layers separated and tack removed. Wet sawing is permitted.

Wash the specimen to remove loose, fine material.

Diameter measured in 2 perpendicular directions to nearest 0.5 mm (0.02 in.).
= Diameteris 148.0 — 154.0 mm (5.827 — 6.063 in.).

Thickness measured at 4 equidistant locations to nearest 0.5 mm (0.02 in.).
= Measurements do not vary by more than 5 mm (0.2 in.).

Bulk Specific Gravity determined.

Saturation of Test Specimens:

L

Specimen supported above bottom of container by a spacer.

¢

Room temperature water is used;
At least 25 mm (1.0 in.) of water above the specimen.

Saturate by applying vacuum pressure of 90 £ 2 mmHg.
Maintain for 15 + 2 minutes.

Allow to sit undisturbed at least 5 minutes. Keep submerged until ready to test.___

16
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Method of Test for Measurement of Permeability of Bituminous Paving Mixtures
Using A Flexible Wall Permeameter
VTM-120 (con’t)

4.  Test Procedure:
¢ Check location of lower and upper timing marks.

+ Assemble the apparatus — install the membrane, fill outlet pipe with water, apply
petroleum jelly to sides of lab prepared specimen, tighten clamps.

¢ Apply confining pressure of 14 1 psi (96.5 £7.0 kPa).

+ Fill with water - close outlet valve, avoid adding air bubbles, tilt to remove trapped
air bubbles, fill above the upper timing mark.

¢ Run the test until 3 consecutive time measurements are within 10% of the
average of those 3 trials. OR stop after 10 minutes and repeat the test.

+ Measure temperature of the permeate water to nearest 0.5°C (1.0°F).

5.  Calculations:
¢ Demonstrate use of the software or calculate by hand.

17
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FLAT PARTICLES, ELONGATED PARTICLES, OR FLAT AND
ELONGATED PARTICLES IN COARSE AGGREGATE
ASTM D4791-95

APPARATUS

1. Proportional caliper device, similar to Figures 1, or 2 of the test Method? ...........ccovieviciiicece e

Ratios of 2:1, 3:1 and 5:1 can be measured? (These are required for VDOT asphalt aggregate testing.) ...
2. Verification of ratio, ratio settings on proportional caliper device verified by use of machined block, micrometer, or other

APPIOPHATE TEVICE? .....oevcteect ettt b bbb et b bbb et b b s b bbb s st b sttt b s st bbb s et s s st s
3. Balance, accurate to 0.5% of sample mass? (Sensitive 0 1 gram OF I8SS.) ..o

4. Oven, maintains 110 £ 5°C (230 £ 9°F) [if determination by mass is reqUIred]? ..........cerrieniriinenieereessesees
(Note: VDOT determines F&E by mass rather than particle count.)

PROCEDURE
Sample Preparation
1. Sample mixed and reduced in accordance with C702 to approximately the amount required for
15T 1o OSSOSO OSSO
2. Test s%mple mass when dry conforms to fOllowing tabIE: ............ceeririirr e :
Nominal Maximum Minimum Mass,
Size, mm (in) Kg (Ib)
9.5(3/8) 1(2)
12.5 (1/2) 2(4)
19.0 (3/4) 5(11)
25.0 (1) 10 (22)
37.5(1%) 15 (33)
50 (2) 20 (44)
63 (2 %) 35(77)
75(3) 60 (130)
90 (3 %) 100 (220)
100 (4) 150 (330)
12 (4 %) 200 (440)
125 (5) 300 (660)
150 (6) 500 (1100)

18
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FLAT PARTICLES, ELONGATED PARTICLES, OR FLAT AND
ELONGATED PARTICLES IN COARSE AGGREGATE
ASTM D4791-95 (continued)

PROCEDURE (CONT.)
Procedure
1. If determination by mass, sample oven-dried to constant mass at 11045° C (230£9° F)7....c.vvviviivinnneeeseeeseeeiees
Note: If determination is by particle count, drying is not necessary.
2. Sample SIEVEd aCCOTAING 10 CTBB? ...ttt
3. Using material retained on 9.5 mm (3/8 in.) or 4.75 mm (No. 4), as required, each size fraction present

in amount of 10% or more of original sample reduced according to C702 until approximately 100
particles obtained for each size fraction rEQUIFEA?.........c.. ot

Flat and Elongated Particle Test:

1. Each particle in each size fraction tested and placed into one of two groups: (1) flat and elongated or

(2) not flat AN EIONGAIEAT ... ettt a st
2. Proportional caliper device positioned at ProPer FtI0? ..ottt
3. Larger opening set equal to particle [BNGNT ... e
4. Particle is flat and elongated if the thickness can be placed in the smaller opening?..........coocreiriesneeence e
5. Proportion of sample in each group determined by count or by mass, as reqUIred? ..........ccoeverereneinnensieeiseeeeseeeeeenens
Calculation
1. Percentage of flat and elongated particles calculated to nearest 1% for each sieve size greater than

9.5mm (3/8in.) or 4.75 MM (NO. 4), @S FEQUINEAT .......euivuieirieiseeeieieis bbb
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DETERMINING THE PERCENTAGE OF FRACTURED
PARTICLES IN COARSE AGGREGATE
ASTM D5821-01

APPARATUS
Balance, accurate and readable to within 0.1% of sample mass? (Sensitive t0 0.1 gram)..........ccvevvnenrencnenenerenne
Sieves, CONTOrMING 10 ASTIM ET17.....o ettt ss sttt bbb bbbt
SAMPIE SPIEEI? ...t bbb
Spatula, or similar tool, for sorting aggregate PArtICIES? ...t

PROCEDURE

Sample Preparation

1.
2.

3.
4.

or

Sample dried sufficiently to obtain clean separation of fine and coarse material in sieving operation?............cccoevevvrverirereenn,
Sample sieved over 4.75-mm (No. 4) sieve, or other specified sieve for retaining material for this test,

iN @cCOrdanCe With ASTIM CT367 ......c.vurireiierireiieriseiseis ettt s bbb
Portion retained on sieve reduced to appropriate size for test using splitter in accordance with ASTM C7027 .........cccoevvennee.
Mass of test sample meets either of the following, whichever is SMaller?; ..o
(a) At least large enough so that largest particle is not more than 1% of sample Mass?.......cccooevvevirieenierneeniens
(b) At least as large as INAiCAtEd DEIOW?: ...t _
Nominal Maximum Minimum Mass,
Size, mm (in) g (approx. Ib)
9.5 (3/8) 200 (0.5)
12.5(112) 500 (1)
19.0 (3/4) 1500 (3)
25.0 (1) 3000 (6.5)
37.5(1%) 7500 (16.5)
50.0 (2) 15,000 (33)
63.0 (2 %) 30,000 (66)
75.0 (3) 60,000 (132)
90.0 (3 %) 90,000 (198)

SAMPLE PREPARATION (CONT.)

(Optional procedure) For aggregate with nominal maximum size of 19.0 mm (3/4 in.) or larger, where
the fracture particle content is to be determined for material retained on the 4.75-mm (No. 4) or

smaller sieve:
(a) Sample separated on the 9.5-Mm (3/8-IN.) SIBVE? ....v.cviviceice ettt
(b) Portion passing 9.5-mm sieve further reduced, in accordance with ASTM C702, to a minimum

OF 200 G (0.51D)7 oottt bbbttt
Note: This will reduce the number of particles to be separated during the procedure.
() Percent fractured particles determined on €ach POrtioN?............cviriiin e
(d) Weighted average percentage of fractured particles calculated based on mass of each of the

portions to reflect total percentage of fractured particles in the entire SAMPIE? .........ccvveveivieviiecsece e
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DETERMINING THE PERCENTAGE OF FRACTURED
PARTICLES IN COARSE AGGREGATE
ASTM D5821-01 (continued)

Procedure
1. Sample washed over sieve designated for determination of fractured particles and dried to constant

TNIBSS?... v vveveteeeseteeeeseesesees b essse e s s s e b s s s8R S8 £ £ RS e RS RS R £ 8RR R AR ARttt
2. Mass of test sample, and any subsequent masses, determined to nearest 0.1% of original dry sample

mass? (Record sample Mass 10 NEAMEST 0.1 ) ...ttt
3. Dried sample spread on clean flat surface large enough to permit careful inspection of each particle? ...,
4. Particle held so that face is VIEWEA GIFECHY ... bbb
5. If the face constitutes at least 1/4 of the maximum cross-sectional area of the particle (and the face has

sharp, well-defined edges excluding small nicks), face considered a fractured face?.........cccooeevieriecsieesicecece s
6. Using spatula or similar tool, particles separated into two categories: (1) fractured particles based on

whether the particle has the required number of fractured faces, (F), and (2) particles not meeting the

SPECITIEA CIIEEITA, (N)? ...ttt
7. If required number of fractured faces is not given in applicable specifications, determination made on

basis of @ miNIMUM 0f ONE frACIUIEA FACET ...t
8. Mass or count of particles in each of the two categories determinEd? ..........ccceviciccciiee s
9. Mass (of particles) used to calculate percent fractured particles, unless percentage by particle count is

=T o TP
10. If more than one number of fractured faces is specified (for example, 70% with one or more fractured

faces and 40% with two or more fractured faces), procedure repeated on the same sample for each

TEOUITEIMENT? .. ..ottt ettt bbb b s s s st et b s R b s b b e bbb bR st bbbt s ettt ben st
Calculation
1. Mass percentage or count percentage of particles with specified number(s) of fractured faces reported

to nearest 1% in accordance with the fOlloWing EQUALIONT: ...

P=[F/(F+N)]x100

21



Revised 3/15/2010

PLASTIC FINES IN GRADED AGGREGATES AND
SOILS BY USE OF THE SAND EQUIVALENT TEST
AASHTO T176

APPARATUS

Graduated plastic cylinders:

Outside diameter: 38.1 mm (1.5in)?
Inside diameter: 31.0 — 32.0 mm (1.25 in)?
Inside height: 430 mm (17 in)?
Graduations at: 2.54 mm (0.1 in)?

Rubber stopper?

Irrigator tube:
Outside diameter 6.4 MM (1/4N.)7 ..ottt sttt sb st entes

Length approximately 510 MM (20 0N.)7....cviiuiiiieier et
PINCNEA BNA7 ..ot bbb E bbbttt
No. 60 holes (1.0 mm diameter) drilled in two places 0N €NA? ..o

(a
(b
(c
(d
( AASHTO only: Handle for irrigation tube (OPtioNaI)?.........ccu e

—_—— =

e

Satisfactory SIPNON ASSEMBIY?.........vieceeiee ettt ettt ettt s st st s et et b s et et st st et e b e se et se et et e b e se et st st et esess s sesesnans

Weighted foot assembly:
(a) WEIGNS 100085 g7 ...ttt ettt e e e s s e E et e e et en st e e
(b) GUIdE fIXEA 10 SNAMT? ...
Note: Older (1969) model of weighted foot assembly with guide cap that fits over upper end of graduated cylinder

is acceptable.

Tin measure:

(a) Diameter approximately 57 MM (2 1/4 IN.)7 ..o .
(b) CapaCity Of 85D ML (3 0Z.)7....veviieiieeisiees ettt bbb bbb bbbttt b et _
WidE-MOULN FUNNEI?: ...ttt Rt en s s ea st

(a) AASHTO only: Diameter approximately 100 mm (4 in.) at the MOUtN? .......c..cviiniiirc e _
Clock or watch, readable in MINUIES AN SECONAS?........vuviriiiirirrireirieeire sttt .

Shaker (One of the following):
Note (AASHTO only): Mechanical shaker required for referee testing. Note if mechanical shaker is not presented -
informational note only.

(a) Y Tt 0 T o= OO .
Q) Operates at 175 £ 2 CYCleS PEr MINULET ........c.viieiiieriieeerie et _
(2) Securely fastened to firm and 1EVEl MOUNE? ..o e .
(b) MaNUAILY OPETALEAT .......couceiieeeeeie et bbbt _
W) Securely fastened to firm and 1EVEl MOUNE? ........c.oivriiirrc e .
(c) HANA MEINOA?.......oceceece bbb bbbt bt en bbb st s bt asnne _
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PLASTIC FINES IN GRADED AGGREGATES AND
SOILS BY USE OF THE SAND EQUIVALENT TEST
AASHTO T176 (continued)

APPARATUS (CONT.)

9. Stock calcium chloride solution (One of the following):
(a) 454 g (1 Ib) technical grade anhydrous calcium chloride, 2050 g (1640 mL) USP glycerin,
and 47 g (45 mL) formaldehyde (40% by volume solution); diluted to 4L (1 gallon) with
distilled or demiINEraliZEd WALETI? ..........criericsreees ettt

or (b) 577 g (1.27 Ib) A.C.S. grade calcium chloride dihydrate, 2050 g (1640 mL) USP glycerin, and -
59 g (53 mL) 1,5-pentanedial (glutaraldehyde) (50% solution in water); diluted to 4L (1 gallon)
with distilled or deminEralized WatBI?............oiuiriiiririre st .
or (c) 577 g (1.27 Ib) A.C.S. grade calcium chloride dihydrate, 2050 g (1640 mL) USP glycerin, and
563 g (53 mL) kathon CG/ICP; diluted to 4L (1 gallon) with distilled or demineralized water?...........ccccocovvrerrennene., _
Note: Stock solution may be made without using any biocide (formaldehyde, glutaraldehyde, or kathon), provided
the storage time of the stock solution is not sufficient to promote fungi growth.
10. Working calcium chloride solution:
(a) One measuring tin full (85+5 mL) of stock calcium chloride solution diluted to 4 L (1 gallon)
WItN WATET? ...t .
(b) Stored in 4 L (1 gallon) bottle on shelf 915+25 mm (ASTM: 91+3 cm) [36+1 in.] above
WOTK SUMTACET ...ttt b5 8588 s bbb st
Note: Solution may be stored in larger glass or plastic vat, provided the liquid level is maintained between 915 to
1170 mm (36 and 46 in.) [ASTM: 36 and 45 in. (91 to 114 cm)] above work surface.
() Temperature of SOIUtION IS 2243%C (T25°F) 7.ttt
(d) SOIULION IS FIEE OF FUNGUS?.....eviece ettt bbbt s bbbt _
(e) AASHTO only: Solution discarded if more than 30 days 0ld7 ... s
ASTM only: Solution discarded if no more than 2 weeks old, and fresh solution not added to
0ld SOIULION (SECLIONS 6.6 10 B8.8)7 .....oocveviecreicecre ettt bbb bbb bbbt bt s
1. Straightedge or spatula (AASHTO ONIY)? ......vuruieirriierireieesieieee s .
12. Quartering or splitting Cloth (AASHTO ONIY)? ....v.vieieeeececeeeee ettt sttt et re s sttt a e sttt ebesess s _
13. Oven, Maintains 110E5%C (230F9%F) 7 ...ttt .
14. Work surface free of vibration and not exposed to direct SUNGE? ..o s _
15. 4.75 MM (NO. 4) SIEVE (ASTIM ONIY)? o.ooeeieeieiriieieiseeie ettt s sttt b bbbttt
16. Flat pan (ASTM 0NY), fOF MIXING?....cciirrieieices et b s s bbbt bbb s bt bbb b st s b s n et nans
PROCEDURE
Sample Preparation
AASHTO only:
1. Sample pulverized and passed through 4.75-mm (NO. 4) SIEVE? ........cvuiuriiirirerre et _
2. All fines cleaned from +No. 4 particles and included with -NO. 4 Material? ..........cccoveriierienrere e, _
3. Sample split or quartered to yield slightly more than four 85-mL (3-0z.) tins of -No. 4 material?..........cccocovvenivcnennnennne _

Note: If necessary, material may be dampened before splitting or quartering to avoid segregation or loss of fines.
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PLASTIC FINES IN GRADED AGGREGATES AND
SOILS BY USE OF THE SAND EQUIVALENT TEST
AASHTO T176 (continued)

Procedure (cont.)

Method 1 - Air Dry

Revised 3/15/2010

AASHTO only:
1. Enough -No. 4 material split or quartered to fill the 85-mL (3-0z) tin slightly rounded above brim?............ccccovevenincninenns .
2. While filling, bottom edge of tin tapped on hard surface to consolidate material? ..o, _
3. Tin struck off level full with spatula or Straightedge?...........cvieiiree e .
4, If using referee method (mechanical shaker), sample dried to constant mass at 110+5°C (230+9°F) and cooled to room
teMPErature DETOrE TESINGT ......cvivcvecee et b bbb bbbttt et _
Method 2 - Pre-Wet (AASHTO)
5. Moisture condition checked by tightly squeezing small portion in palm of hand, forming a cast? ........cccccovvninnniinnnenenne .
6. Sample at proper water content (cast permits careful handling without breaking)?...........ooenrinri e .
(a) If too dry (cast crumbles easily), water added and remiXed? ..o e .
(b) If too wet (shows free water), sample drained and air dried, mixing freqUENtY? .......ccoceviierccesiee e, _
7. If either (a) or (b) above occurred, sample placed in pan, covered with lid or damp cloth (not touching
sample), and allowed to stand for at [€ast 15 MINUIES? .........ceierirrce s -
8. AASHTO: Sample placed on splitting cloth and mixed by alternately lifting each corner of cloth and
pulling it over sample toward diagonally opposite corner, causing material to be rolled?..........ccccvevieineninenenneeeseeeene .
9. AASHTO only: When material appears to be homogeneous, mixing finished with sample in a pile near
CONEET OF CIOtNT..... bbb -
10. Tin measure pushed through base of pile with free hand against pile opposite the measure? ... .
1. Material fills tin 0 OVEITIOWINGT ..o _
12. Material compacted into tin with palm of RANA? ..ottt _
13. Tin struck off level full with spatula or Straightedge?........c.cuieiere e .
14. AASHTO only: If using reference method (mechanical shaker), sample dried to constant mass at
110£5°C (230+9°F) and cooled to room temperature before teSNG?.........cvveireirere e _
Procedure
1. 101.6£2.5 mm (4£0.1 in.) of working calcium chloride solution siphoned into plastic cylinder?............ccovvennenenieneineen, -
2. Prepared sample poured from measuring tin into cylinder, using funnel to avoid spillage?............cvvrrririnnenicenies _
3. Bottom of cylinder tapped sharply on heel of hand several times to release air bubbles? ...........ccooveveneneinienecneseene _
4, Wetted sample allowed to stand undisturbed for 101 MINUEES? ........c.cvviveiieireiieeee e s _
5. Stopper placed in cylinder and material loosened from bottom by Shaking?............cccviririinin e .
6. Mechanical Shaker Method (Reference Method):
(a) Stoppered cylinder placed in mechanical shaker and timer SEt? ... s _
(b) Cylinder and contents shaken for 4511 SECONAS? ..........cuiiriiiriiricrce bbb -
Manual Shaker Method
(a) Stoppered cylinder secured in hand shaker and stroke counter reset t0 Zero? .........covvverivenineinesenes .
(b) Fingertips pushed against right hand spring steel strap, and smooth oscillating motion
MAINTAINEA? ...t b bbb -
() Tip of pointer reverses direction Within Marker IMILS? ..o _
Hand Method
(a) Cylinder held in horizontal position and shaken vigorously in horizontal linear motion from end
L0 1Y 2 TSP TP PSTOTTPTT
(b) Cylinder shaken 90 cycles (one cycle is a complete back and forth motion) in approximately 30 seconds, using throw of
2291425 mm (921 in.) [ASTM: 921 iN. (2343 CM)] 7 ettt -
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PLASTIC FINES IN GRADED AGGREGATES AND
SOILS BY USE OF THE SAND EQUIVALENT TEST
AASHTO T176 (continued)

Procedure (cont.)

7. Following shaking, cylinder set upright on work table and Stopper removed? ... .
8. Irrigator tube inserted in cylinder and material rinsed from cylinder walls as irrigator is lowered? ............cocveeivivcvieiceninnas _
9 Irrigator forced through material to bottom of cylinder by gentle stabbing and twisting action while

SOIULION FIOWS FIOM EID?...eeece sttt ettt ettt .
10. Stabbing and twisting motion applied until cylinder filled to 381-mm (15-in.) MArK?.........criiiri e _
1. Irrigator raised slowly without shutting off flow so liquid level is maintained at about 15IN.7 ......covvirinisiecreeis .
12. Final level adjusted to 15 in. before irrigator is removed from cylinder (AASHTO only; between top 2

graduations, but not above the 381-MM IBVEI)? ..ot bbb _
13. Cylinder and contents allowed to stand undisturbed for 20 minutes £ 15 SECONAS?.......cvververrierreee s -
14. Timing started immediately after withdrawal Of ITIgator? ..o _
15. After sedimentation period, level at top of clay suspension (clay reading) recorded? ...........ocvvenninnennnenneneseeenn, _
16. If no clear line of demarcation, sample allowed to stand undisturbed until clay reading can be obtained,

and total sedimentation iMe rECOMABAT ..o .
17. If sedimentation time exceeds 30 minutes, rerun test using 3 individual samples of same material, and

clay reading requiring shortest sedimentation time reCorded?...........ocvrn e _
18. Weighted foot assembly gently lowered into cylinder, without hitting mouth of cylinder? ..., .
19. When foot comes to rest on sand, assembly tipped toward cylinder graduations until indicator touches

(0310 LYoo TP PP TTRT _
20. 254 mm (10 in.) subtracted from level indicated by extreme top edge of indicator, and this value

LT 0T (0 (=0 R TS 1o I (=Y Vo 4T TSP .
21. If clay/sand readings fall between 2.5-mm (0.1-in.) graduations, is level of higher graduation recorded? ............cccovvinierenee -
Calculations
1. Sand equivalent calculated to 0.1 using following QUALION:? .........cceiiieiricieee e _

Sand Reading X 100
Clay Reading

2. If sand equivalent is not a whole number, reported as next higher whole NUMDET? ..o _
3. If desired to average sand equivalent values, and average is not a whole number, reported as next higher whole number?..____
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BULK DENSITY (“UNIT WEIGHT”) AND VOIDS IN AGGREGATE

AASHTO T19

APPARATUS

1a.  Unit Weight Measures

Revised 3/15/2010

Capacity? — Record 2.8, 9.3, 14, 28, 70 or 100 L (1/10, 1/3, %2, 1, 2 %, or 3 ' ft3)*

Diameter? (Record)

Height is 80 — 150% of diameter? (Record height)

Top rim is smooth and watertight?

Top rim is plane to 0.25 mm (0.01 in)?

Interior wall of measure a smooth and continuous surface?

Capacity less than 11 L (0.4 ft3):  Min. thickness of bottom = 5.0 mm (0.20 in)?

Min. thick. of top 38 mm of wall = 2.5 mm (0.10 in)?

Min. thick. of remainder of wall = 2.5 mm (0.10 in)?

Capacity 11 to 42 L (0.4 to 1.5 ft3): Min. thickness of bottom = 5.0 mm (0.20 in)?

Min. thick. of top 38 mm of wall = 5.0 mm (0.20 in)?

Min. thick. of remainder of wall = 3.0 mm (0.12 in)?

Capacity >42t0 80 L (1.5t0 2.8 ft3):  Min. thickness of bottom = 10.0 mm (0.40 in)?

Min. thick. of top 38 mm of wall = 6.4 mm (0.25 in)?

Min. thick. of remainder of wall = 3.8 mm (0.15 in)?

* The actual volume of measure shall be at least 95% of the nominal volume.
1L=0.001 m?

VOLUME = 3.142 d%h /4

Nominal Maximum Size g Cerpesey
mm in of Measure,
' L [m3} (ft3)
12.5 mm 1/21in 28L 0.0028 1110
25.0 mm 1in 93L 0.0093 113
37.5mm 1%in 14L  0.014 112
75mm 3in 28L  0.028 1
112 mm (4 %2in) ASTM: 100mm (4 in) 70L  0.070 2%
150 mm (6 in) ASTM: 125 mm (5 in) 100L  0.100 3%
1b. Measure used conforms {0 the table @DOVET ... bbb .
OR Calibration factor determined?
2. Tamping rod: (a) Round, Straight STEEI FOA?.......c.vu it
(b) 16 MM (5/8iN.) N QIAMELEI? ..o e
(c) Approximately 600 Mmm (24 iN.) I0NG7? .....c.viiirirsesese e
(d) 16 mm (5/8 in.) hemiSPhEriCal tiP?.........cceueiieriecrce e
3. SNOVEL OF SCOOD? ...vevvveeearieeseeeseseseeeesesees et ssesssseseseessesesseseseeeses s se e s e sesesee s s es e e s aes e eE b s b e s an s s es s et s e s s et e st st esnes
4. Calibration equipment: (a) Piece of plate glass (larger than the measure's diameter)?...........cccoevvrenivienens

(b) Chassis or Water PUMP GrEASETY .......viururrurierireireisiieiessssseesssesseesssssseessss s ssssssesnees
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BULK DENSITY (“UNIT WEIGHT”) AND VOIDS IN AGGREGATE
AASHTO T19 (continued)

APPARATUS (cont.)
5. Balance: (a) Graduated to at least 0.05 kg (0.1 1b) INCrEMENIS? ........viuieriiirirerr e _
(b) AASHTO: Readable t0 0.1% Of SAMPIE MASS? ......c..cuevrirrieeieirieere e .
ASTM: Accurate t0 0.1% Of teSE10AA? ........ccoveviciiece s _
PROCEDURE

1. Sample obtained by T248 (ASTM CT02)? ...ttt ettt bbb bbbt bbb bbbt bbbt -
. Sample size approximately 125 to 200 percent of the quantity needed to fill the measure? .........cccovevevveneiniienecsinsenenns _
3. Sample dried to essentially constant mass at 11025°C (230F9°F)7.......ceiiiieiceec e _

Rodding procedure (up to 37.5-mm [1-1/2-in.] particles):
1. Measure filled 1/3 full and leveled With fINGEIS..........cviriiirer b .
2. Aggregate rodded with 25 evenly distributed tamping SITOKES?.........ccvuiurieieireeree e .
3. Tamping rod does not forcibly strike the bottom of the MEASUTE?...........c.coviievrcece s _
4. Measure filled with tWo MOre SIMILAr TAYEIS?........c.oveieee et seten .
5. Tamping strokes limited to layer being taMPEA? ..o _
6. Third layer filled to overflowing (DEfore tampPiNg)? ........cvieiriirieiree e e .
7. Surface leveled with the fingers or the straightedge (famping rod)? ..o .
8. Average level surface obtained (aggregate projections above the rim balance the voids below the rim)?.........c..ccccoveeennes _
9. Net mass determined to the nearest 0.05 KG (0.1 1D)7 ..ot _
10. Net mass of aggregate multiplied by calibration factor or divided by volume of the measure? ..........cccocoeeovieevnccrnccneeene, _
1. Bulk density reported to the nearest 10 KG/M3 (1 ID/ft3)7......c.vuriieiiii s .
12. Void content (if determined) reported t0 the NEArst 1 PEICENE?........cccviuiieiicircieere e .

Jigging procedure (37.5 to 150-mm [1-1/2 to 6-in.] particles):

1. Measure filled 1/3 full and leveled With fINGEIST..........cc i _
2. Layer compacted by raising alternate sides about 50 mm (2 in.) and dropping on floor 25 times on each

R (o LI =T (o 6= 1oL 0 ) TP P TP TTRTT _
3. Measure filled with tWO MOre SIMIIAT IAYEIS?.......... ittt et esnnes .
4. Third layer filled to overflowing (Defore COMPACHION)?.........c.oiiiriir e _
5. Surface leveled with the fingers or the straightedge (tamping rod)? ..o e .
6. Average level surface obtained (aggregate projections above the rim balance the voids below the rim)?.........ccccoevviiniennes .
7. Net mass determined to the Nearest 0.05 KG (110)7 ... et _
8. Net mass of aggregate multiplied by calibration factor or divided by volume of the measure? ...........ccccoeveovveevevcescccseennn, _
9. Bulk density reported to the nearest 10 KG/M3 (1 1D/f3)7......c.vuirireie s _
10. Void content (if determined) reported to the NEarest 1 PEFCENE? ..o -

Shoveling procedure (up to 150-mm [6-in.] particles):
Note: This method only used when specified.

VDOT Note: This portion of AASHTO T19 is omitted since it is vary rarely used by VDOT for testing asphalt aggregates.
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UNCOMPACTED VOID CONTENT OF FINE AGGREGATE

AASHTO T304
(a.k.a. Fine Aggregate Angularity)

SAMPLE PREPARATION

Sample obtained by one of the following methods:

(a) C702 (splitting and QUAMETING)? .......cceereeiiereece et snb st
(b) From sieve analysis samples USed for C1367........cveirrnirncrreeres e
(c) From aggregate extracted from a bituminous concrete SPECIMEN? ..........ccovvevreeeriresneieer s
Methods A and B:
(a) Sample washed over 150-um (No. 100) or 75-um (No. 200) sieve in accordance with C1177........
(b) Sample dried and sieved into separate size fractions in accordance with C1367.........cccoovvvvveneen.
(c) Necessary size fractions obtained from sieve analysis maintained in a dry condition in

separate containers for 8aCh SIZE? ..ot s
Method C:
(a) A split of the as-received sample dried in accordance with the drying procedure of C1367............

Sample Preparation

1.

Method A - Standard Graded Sample
Following quantities of aggregate that has been dried and sieved in accordance with C136 weighed

oLV L= Lo elo] 111 o)1 T=To OO TTT

Individual Size Fractions Mass, g OK?
2.36 to 1.18 mm (No. 8 to No.16) 44+0.2
1.18 mm to 600 pm (No. 16 to No. 30) 57+£0.2
600 to 300 um (No. 30 to No. 50) 72+0.2
300 to 150 um (No. 50 to No. 100) 17+0.2
Total 190+0.2

Method B - Individual Size Fractions
Separate 190-g sample of aggregate, dried and sieved in accordance with C136, prepared for each of

the fOllOWING SIZE fTACHONS:? .....vvviiceceee bbbttt

Individual Size Fractions Mass, g OK?
2.36 to 1.18 mm (No. 8 to No. 16) 190 + 1
1.18 mm to 600 um (No. 16 to No. 30) 190 +1
600 to 300 um (No. 30 to No. 50) 190 +1

Samples not mixed together and each size tested separately?........cocooerennnnin e

Method C - As Received Grading

Sample (dried in accordance with C136) passed through 4.75-mm (NO. 4) SIEVE?........coovvveveveeerieriieenns
A 190+1-g sample of material passing the 4.75-mm sieve obtained? ..........ocvveeniiersecre e
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UNCOMPACTED VOID CONTENT OF FINE AGGREGATE
AASHTO T304 (continued)

SAMPLE PREPARATION (CONT.)

Specific Gravity of Fine Aggregate

1. If bulk dry specific gravity of aggregate from the source is unknown, specific gravity determined on
material passing 4.75-mm (No. 4) sieve in accordance With C1287 ..o s _
2. This value used in subsequent calculations unless some size fractions differ by more than 0.05 from
the specific gravity typical of the completed sample (in which case the specific gravity of the
fraction(s) being tested must be determMiNEd)?...........ceiirriineisc e .
3. If specific gravity differences exceed 0.05:
(a) Specific gravity of the individual 2.36-mm (No. 8) to 150-um (No. 100) sizes determined for
use with Method A or the individual size fractions for use with Method B? ..........coeveeeeicecieeeeeeeece e _
(b) Specific gravity determined by direct measurement or by calculation using specific gravity
data on gradings with and without the size fraction Of INLErESE?..........ccvvieiirire s .
Procedure
1. Each test sample mixed with spatula until it appears to be hOMOGENEOUS?...........cvieiiiriiriereeree e _
2. Jar and funnel section positioned in stand and cylindrical measure CENEred? ..o, _
3. Finger used to block OPENiNG OF FUNNEI? ... bbb -
4, Test sample POUrEd iN0 FUNNEIT ...........cuivieiiiiccce ettt bbb bbb bbb bbbt b b _
5. Material in funnel leveled With SPALUIAT ...........c.ceiieeiiiiec bbbt e b s _
6. Finger removed and sample allowed to fall freely into cylindrical MEASUIE? ..........c.ocvviiririencrreeee e _
7. After funnel empties, excess heaped aggregate struck off from cylindrical measure by single pass of
spatula, with blade width vertical and using straight part of its edge in light contact with top of
INEASUIE? ...eeereaeeeseeseeeesetseeeesees s sseeesesse st s s ees s s e e s s s a8 s eS8 8 R s a8 s R R8s bbbt .
8. Care exercised to avoid vibration or any disturbance that could cause compaction of aggregate into cylindrical measure?....__
Note: After strike-off, measure may be tapped lightly to compact sample to make it easier to transfer container to
scale or balance without spilling any of the sample.
9. Adhering grains brushed from outside 0f CONTAINETI? ..........ccviiriieiie b _
10. Mass of cylindrical measure and contents determined t0 N€Arest 0.1 g7 ..o _
1. All aggregate particles retained for SECONA TSt FUNT.........cc.cuiiiiiiiirec e _
12. Sample from retaining pan and cylindrical measure recombined and procedure repeated?..........cocovverirenenieereeneereennns _
13. Mass 0f emMPty MEASUIE TECOTAEA?..........cu ettt b s bbbttt .
Calculation
1. Uncompacted voids for each determination calculated @s folloWS: ...........ccorirrrrrecr s _
U=V-(F/G) X100
\Y
where:
V = volume of cylindrical measure, mL
F = mass of aggregate in measure
G = bulk dry specific gravity of aggregate
U = uncompacted voids in material, %
2. For Methods A and C, average uncompacted voids deterMiNEa? ........c.cocrrieriirirneeres e _
3. For Method B:
(a) Average uncompacted voids for each size fraction determined?..........cccocvvrennreineene e .
(b) The mean of the uncompacted voids including the results for all three sizes determined? ...........cccocovcvvevicrrenenee, .
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SPECIFIC GRAVITY AND ABSORPTION OF FINE AGGREGATE

AASHTO T84
APPARATUS
1. Pycnometer:
(a) One of the following containers:
1. Volumetric flask, capacity 500 ML (OF MOTE)? .......vuiurieririeriirieissis et sss st ssssns .
or 2. Fruit jar fitted With PYCNOMELEr tOP7 ........cvieriieiece s .
or 3. Le Chatelier flask (as in T133/C188):
a. Space of at least 10 mm between highest graduation mark and lowest point of
grinding for glass SIOPPEI? ... .
b. MadE Of GIASST ... e _
C. Neck graduated from 0 to 1 mL and from 18 10 24 ML? ......covvevierere e .
d. Bottle and stopper have identical permanent identification markings?..........cccoeevvieieriernnnee. -
e. Standard temperature marked on flask? ..o s _
f. Unit of capacity marked above highest graduation line (ML)7.........cccoerinennneninncneeieen, _
(b) Volume content can be reproduced to £100 MM3? ..o .
(c) Volume of container filled to mark at least 50% greater than space required to accommodate
BESE SAMPIE? ...ttt b bbb e bbb bbb bbb bbbt beb bbbt ensebns _
2. Conical mold: (a) HEIGNE 7523 MM 1.t bbb _
(b) Inside diameter at top 403 MM?.....ouiuiiirer e .
() Inside diameter at bottom 903 MM?.......cviiii e .
(d) Metal, 0.8 mm minimUM thiCKNESS? ........ccvveiririerireese s .
3. Tamper: (a) MASS BA0ET5G7 ...ttt na bbb _
(b) Flat circular tamping faCe?........ccovieiieeiecrse st _
(c) Diameter of tamping face 2513 MM? ..o _
4, Buret (Optional-AASHTO), readable t0 0.15 ML? ..ottt _
5. BalaNCe: AASHTO: ClASS G27.......ocveeeeeeeeceeeeetete ettt ettt st s et sttt et s es sttt et e aeae et st et et et e s st st stebebese s en st tabebeseseseseaes -
6. Oven, Maintaing 11025°C (230E0°F)7 ... bbbt _
PROCEDURE
Sample Preparation
1. SamPle ODLAINEA DY T2487 ...t s _
2. ApproxXimately 1000 G N SIZE? ......cuvvueuriereieeeereeeetree sttt eb bbb bbb E bR bbbt _
3. Dried to constant mass at 110£5%C (230Z9%F)7 ....ev it _
Note: Oven drying not necessary if naturally moist condition is desired.
4. Covered with water or at least 6% MOIStUre addEA? ...t -
5. Allowed to stand 15-19 hours or NATUTAllY MOISE? .........c.cceiiiiiiriere e S
6. Excess water decanted (if necessary) Without 10SS O fINES? .........cvieiriiriieiireie ettt .
7. Sample spread on flat, NONADSOIDENE SUMACET ..........cuiece et _
8. Uniformly dried by CUMTENt OF WAIM @7 ......c.vciiccece ettt sttt s nnes .
9. Mold placed on flat, nonabsorbent surface and filled t0 OVEMIOWING?........coviieiiresrer s _
10. Tamped 25 times WIth 5 MM ArOP7? ...ttt ettt es et s et se e st e s snee s _
Note: See section 6.2.1 Note 2 1-4 for materials that do not readily slump.
1. Tamper allowed to fall freely under gravitational attraction? ...........c.cccovririreinis e .
12. Loose sand removed from around base and mold lifted VEFHICAIY? ............ccovieiiceisece e _
13. Sample fails 10 SIUMP ON fIFSTIES? ... bbb s tes _
14. If it does slump, is water added, sample covered and allowed to stand 30 MINUEES?..........covvrrierncrrier e -
15. Drying continued and slump test repeated at frequent intervals until sample slumps slightly? ..., _
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SPECIFIC GRAVITY AND ABSORPTION OF FINE AGGREGATE
AASHTO T84 (continued)

PROCEDURE (CONT.)
Procedure
1. Pycnometer partially filled with water and 50010 g of saturated surface-dry sample added? ...........cccovviernnnencneneens
2. Pycnometer filled to 90% of total capacity and agitated to eliminate air bubbIES?............ocvveiiirices _

Note: Paper towel or isopropyl alcohol may be used to disperse foam on the water surface.

3. Temperature of contents adjusted t0 23.011.7°C (73.423°F)7 ...
4. Water level adjusted to calibrated capacity and mass of pycnometer and contents determined?............coocevevvnenencncnienn.
5. Sample removed and dried to constant mass at 110£5°C (23019°F) 7. eees

Note (AASHTO only): Second sample taken at the same time, within 0.2 g of the sample placed in the pycnometer,
may be used to determine the oven-dry mass.
6. Sample cooled in air at room temperature for 1.0+0.5 hour and mass determined?.............ccccoceeeniiicccee e
7. Empty pycnometer filled to its calibration capacity with water at 23.0+1.7°C (73.4+3°C) and mass
determined (pycnometer may be previously Calibrated)? ...
Note: Quantity of water required to fill pycnometer may be determined using a buret.

8. All masses determingd 10 NEATESE 0.1 G7......cviieiiiriecirieee ettt bbbttt bbbt
. Lab says proper book formulas used in CAICUIALIONST ..ottt
10. If sample tested in a naturally moist condition, source of the sample and the procedures used to prevent

drying prior t0 tESHNG FEPOMEAT ..ot

COMMENTS:
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SPECIFIC GRAVITY AND ABSORPTION OF COARSE AGGREGATE

AASHTO T85
APPARATUS
1. Sample container (One of the following):
(a) Wire basket of 3.35-mm (NO. 6) MESH OF fINEI? ..ot _
or (b) Bucket of approximately equal breadth and height, capacity 4 to 7 L, for up to 37.5-mm
(1 %2-in.) material (if NEEABA)? ... .
or (c) Larger container that prevents trapping air when submerged for plus 37.5-mm (1 %-in.)
material (if NEEAEA)?.........eii e _
2. Water tank:
(a) Capable of completely submerging the sample CONTAINEI?..........c.cvrnrie e .
(b) AASHTO only: Watertight tank equipped with overflow OUIEL? ..o -
3. Suspension apparatus and balance:
(a) Of suitable design and in good CONAIIONT .........c.veuiiiiiieie s _
(b) Center of suspension apparatus properly located with respect to center of balance pan or other
point Of CONTACE With DAIANCET .........veeeeiees ettt st -
() AASHTO only: Wire suspending the container is of smallest practical SIZ€?............ccoererrnininnenncrerene .
4, Immersion water, temperature is 23.021.7°C (T3.4E3%F)7 ..ottt .
5. Large abSOMDENE ClIOtN? ...ttt .
6. Balance: AASHTO: ClIaSS G57......c.euiurireurieriseiriieiseissseeseisesessessesssse s ssss sttt s et ss st ss bbb s st s b s st nsnne .
ASTM: Sensitive, readable, and accurate to 0.05% of sample weight or 0.5 g (greaten?.......c.ccoveevrvvrennen, _
7. Sieves, 4.75 mm (NO. 4) or Other SIiZeS @S NEEAEAT .........cvcuirererier et _
8. Oven, Maintaing 110£5°C (230F9°F) 7 ... .ovieerieiereee ettt s st a st s s sesnnas .
COMMENTS:
PROCEDURE
1. SaMPIE ODLAINEA DY T24B7 ...t bbbttt -
Screened on 4.75-mm (No. 4 sieve) [or 2.36-mm (No. 8) sieve if sample contains substantial quantities
Of MINUS 4.75-MM MALEHIAI?.........ceviiieece ettt bbb b s bbb bbbt bbb b st bbbt b b _
3. Sample mass as follows: 1/2 in. orless - 2 kg; 3/4in.-3kg; 1in.-4Kkg; 11/2in. - 5KG?..cooviiriieirieieeseeeee s _
4. Washed to clean surfaces of PArtICIES?..........c. ettt _
5. Dried to constant mass at 110+5°C (230+9°F) and cooled to room temperature for 1 to 3 hours (for up
to 1 1/2-in. nominal maximum size, longer fOr [arger SIZES)? ... _
Note: Oven drying not necessary if naturally moist condition is desired.
6. Covered With Water FOr 1510 19 NOUIS? ..o bbb bbbt _
7. Rolled in cloth to remove visible films Of WaLEI? ..ot .
8. Larger particles WIPEd iNAIVIAUAIIY? .........c.ovu i s _
9. EVAPOration @VOIAEAT .......c.veeeeieieiicis sttt ettt ettt ettt s e .
10. Sample MASS AEIEIMINEA? ... ..ottt st ee e e et s st ns e e s ene s enneeen _
AASHTO: All masses determined to nearest 1 g or 0.1% of sample mass (whichever is greater)?........c.cccvevvenineneenienens .
1. Sample immediately placed in SAMPIE CONLAINET? ..........coviiviiriceics bbbt _
12. Mass determined in water at 23.01.7°C (73.4E3%F)7 ..o s _
13. Entrapped air removed before weighing by shaking container while immersed? ... _
14. Dried to constant mass at 110+5°C (230+9°F) and cooled to room temperature for 1 to 3 hours (or
until aggregate has cooled to comfortable handling temperature, approximately 50°C)? ..o _
15. SamPle MASS AELEIMINEA? ...ttt ettt b sttt en st en .
16. Lab says proper book formulas used in CAICUIALIONS? ...........ciuiiiiiirirrr st _
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