Experiment No. 18
Part II
Standard Test Method For 

RESISTANCE TO PLASTIC FLOW OF BITUMINOUS MIXTURES USING MARSHALL APPARATUS
(ASTM D 1559 - 89)

Purpose:  This test method covers the measurement of the resistance to plastic flow of cylindrical specimens of bituminous paving mixture loaded on the lateral surface by means of the Marshall apparatus.  This test method is for use with mixtures containing asphalt cement, asphalt cut-back or tar, and aggregate up to 1-in. (25.4-mm) maximum size.

Apparatus Required:
· Specimen Mold Assembly -  Mold cylinders 4 in. in diameter by 3 in. in height, base plates, and extension collars

· Specimen Extractor, steel, in the form of a disk with a diameter not less than 3.95 in. and ½  in. thick for extracting the compacted specimen from the specimen mold with the use of the mold collar.

· Compaction Hammer - The compaction hammer shall have a flat, circular tamping face and a 10-lb sliding weight with a free fall of 18 in. 

· Compaction Pedestal - The compaction pedestal shall consist of an 8 by 8 by 18-in. wooden post capped with a 12 by 12 by 1-in. steel plate.  

· Specimen Mold Holder, mounted on the compaction pedestal to center the compaction mold over the center of the post.  It shall hold the compaction mold, collar, and base place securely in position during compaction of the specimen.

· Breaking Head - The breaking head shall consist of upper and lower cylindrical segments or test heads having an inside radius of curvature of 2 in.

· Loading Jack - The loading jack shall consist of a screw jack mounted in a testing frame and shall produce a uniform vertical movement of 2 in. / min.

· Ovens or Hot Plates 
· Mixing Apparatus - Mechanical mixing is recommended.

· Water Bath - The water bath shall be at least 6 in. deep and shall be thermostatically controlled so as to maintain the bath at 140 ( 1.8 (F (60 ( 1.0 (C).  The tank shall have a perforated false bottom or be equipped with a shelf for supporting specimens 2 in. above the bottom of the bath.

· Miscellaneous Equipment: 
· Containers
· Mixing Tool
· Thermometers
· Balance
· Gloves
· Rubber Gloves
· Marking Crayons
· Scoop
· Spoon
Preparation of Test Specimens:
· Number of Specimens - Prepare at least three specimens for each combination of aggregates and bitumen content

· Preparation of Aggregates - Dry aggregates to constant weight at 221 to 230 (F (105 to 110 (C) and separate the aggregates to dry sieving into the desired size fractions.

· Determination of Mixing and Compacting Temperatures:
· The temperatures to which the asphalt cement must be heated to produce a viscosity of 170 (20 cSt shall be the mixing temperature.

· The temperature to which asphalt cement must be heated to produce a viscosity of 280 ( 30 cSt shall be the compacting temperature.

· Preparation of Mixtures: Weigh into separate pans for each test specimen the amount of each size fraction required to produce a batch that will result in a compacted specimen 2.5  ( 0.05 in. in height (about 1200 g).  Place the pans on the hot plate or in the oven and heat to a temperature not exceeding the mixing temperature by more than approximately 28 (C .  Charge the mixing bowl with the heated aggregate and dry mix thoroughly.  Form a crater in the dry blended aggregate and weigh the preheated required amount of bituminous material into the mixture.  Mix the aggregate and bituminous material rapidly until thoroughly coated.

· Compaction of Specimens:
· Thoroughly clean the specimen mold assembly and the face of the compaction hammer and heat them either in boiling water or on the hot plate to a temperature between 200 and 300  (F (93.3 and 148.9 (C).  Place a piece of filter paper or paper toweling cut to size in the bottom of the mold before the mixture is introduced.  Place the entire batch in the mold, spade the mixture vigorously with a heated spatula or trowel 15 times around the perimeter and 10 times over the interior.  Remove the collar and smooth the surface of the mix with a trowel to a slightly rounded shape.  


Replace the collar, place the mold assembly on the compaction pedestal in the mold holder, and apply 75 blows with the compaction hammer with a free fall in 18 in.  Remove the base plate and collar, and reverse and reassemble the mold.  Apply the same number of compaction blows to the face of the reversed specimen.  After compaction, remove the base plate and place the sample extractor on that end of the specimen.  Place the assembly with the extension collar up in the testing machine, apply pressure to the collar by means by means of the load transfer bar, and force the specimen into the extension collar.  Lift the collar from the specimen.  Carefully transfer the specimen to a smooth, flat surface and allow it to stand overnight at room temperature.  Weigh, measure, and test the specimen.

Testing Procedure:
1. Bring the specimens prepared with asphalt cement to the specified temperature by immersing in the water bath 30 to 40 min or placing in the oven for 2 h.  Maintain the bath or oven temperature at 140 ( 1.8 (F (60  ( 1.0 (C) for the asphalt cement specimens.  Thoroughly clean the guide rods and the inside surfaces of the test heads prior to making the test, and lubricate the guide rods so that the upper test head slides freely over them.  The testing head temperature shall be maintained between 70 to 100 (F (21.1 to 37.8 (C) using a water bath.  Remove the specimen from the water bath, oven, or air bath, and place in the lower segment of the breaking head.  Place the upper segment of the breaking head on the specimen, and place the complete assembly in position on the testing machine.
2. Apply the load to the specimen by means of the constant rate of movement of the load jack or testing machine head of 2 in./min until the maximum load is reached and the load decreases as indicated by the dial.  Record the maximum load and the indicated flow.  The elapsed time for the test from removal of the test specimen from the water bath to the maximum load determination shall not exceed 30 s.
TABLE 18.2   Stability Correlation RatiosA
	Volume of Specimen,

cm3
	Approximate Thickness of Specimen, in.B
	mm
	Correlation Ratio
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0.96

0.93
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AThe measured stability of a specimen multiplied by the ratio for the thickness of the specimen equals the corrected stability for a 2 1/2 in. (63.5 mm) specimen.

BVolume-thickness relationship is based on a specimen diameter of 4 in. (101.6 mm).

Experimental Data and Results:
· Tabulate the test data in the given Test Data Sheet.  Report the type of sample tested (laboratory sample or pavement core specimen)

· Average maximum load in pounds-force of at least three specimens, corrected when required.

· Average flow value, in hundredths of an inch, twenty-five hundredths of a millimeter, of three specimens, 

· Test temperature.

TABLE  18.3:  BITUMINOUS WEARING COURSE

Optimum Blending for Marshall Mix Design

(M.O.C. Class “A” Aggregate Blending)

	Sieve Size
	% 

Individual
	Individual Weights

 g
	Cumulative Weights  

g
	Specification 

Limits

% Passing
	% 

Mean
	Tolerance

	 3/4”
	 0.0
	   0
	     0
	100
	100
	( 6

	 1/2"
	16.0
	192
	  192
	76 - 92
	84
	 ( 6

	 3/8"
	12.5
	150
	  342
	64 - 79
	71.5
	( 5

	# 4
	23.0
	276
	  618
	41 - 56
	48.5
	( 5

	#10
	10.5
	222
	  840
	23 - 37
	30
	( 4

	#40
	16.5
	198
	1038
	7  - 20  
	13.5
	( 4

	#80
	 4.5
	  54
	1092
	5  - 13
	9
	( 3

	#200
	 3.5
	  42
	1134
	3  -  8
	5.5
	( 1.5

	Filler
	 5.5
	  66
	1200
	-
	-
	


Coarse Aggregate,% =  Passing 3/4” to Retained # 4 

 

            =     51.5 %

Fine Aggregate, %    =   Passing # 4 to Retained # 200

                                   =     43 %

Filler, %                    =   Passing # 200

                                   =        5.5 %



 
   ----------

Total Aggregate %             100.0




   ----------
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