Experiment No. 16
Marshall Mix Design

Part I

OBJECTIVES OF ASPHALT PAVING MIX DESIGN

The design of asphalt paving mixes is largely a matter of selecting and proportioning materials to obtain the desired properties in the finished construction.  The overall objective of the design of asphalt paving mixes is to determine an economical blend and gradation of aggregates and asphalt that yields a mix having:

· Sufficient asphalt to ensure a durable pavement

· Sufficient mix stability to satisfy the demands of traffic without distortion or displacement

· Sufficient voids in the total compacted mix to allow for a slight amount of additional compaction     under traffic loading without flushing, bleeding, and loss of stability

· Sufficient workability to permit efficient placement of the mix without segregation.

Marshall Method of Mix Design:
Outline of Method:
1. The materials should meet the project specifications.

2. The aggregate gradation should not meet the project specifications.

3. The bulk specific gravity of aggregates and the specific gravity of the asphalt cement are determined.

General:
ASTM D1559 has standardized the Marshall Test procedures.  

· Only applicable for hot-mix paving mixture

· Asphalt cement have to be used

· Maximum size of aggregate = 1” (25 mm) or less

· Standard test specimens are 2.5” high by 4” diameter

· Two principles features of the method:

· density - voids analysis

· stability - flow test of the compacted test specimens

· The stability of the specimen is the maximum load resistance in pounds which the specimen can carry at 140 (F (60 (C)

· The flow value is the total movement or strain in units of 1/100 in. (0.25 mm) occurring in the specimen between no load and maximum load during the stability test

· For preparation of specimens:

· Aggregate weight used is 1200 g

· Aggregate should be heated to 160 (C for 3 to 4 h

· Asphalt cement should also be heated to 155 (C for not more than one hour to                  prevent over heating

· Mixing temperature is (155 (C) which produce kinematic viscosity of 170 ( 20 cst

· Compaction temperature is (145 (C) which produce kinematic viscosity of 280 (30 cst

· The molds, hammer should be heated between 93 (C (200 (F) and 149 (C (300 (F)

· Use 75 blows on each side of the specimen to compact the specimens for heaving traffic  (hammer weight = 10 pound and drop = 18 in)

· Specimens are allowed to cool overnight

· Trial specimen is prepared:


Adjusted Wt. of Agg. =  2.5 (Wt. of Agg. used)  ( Spec. Ht. (in) obtained


(U.S. Units)


AdjustedWt.of Agg .=  63.5 (Wt. of Agg. used) ( Spec. Ht. (mm) obtained


(SI Units)

In the Marshall method, each compacted test specimen is subjected to the following tests   and analysis in the order listed:


-  Bulk Specific Gravity Determination


-  Stability - Flow Test


-  Density & Voids Analysis

TABLE 18.1 - Marshall Design Criteria
	Marshall Method Mix Criteria
	Light Traffic 

Surface & Base 

  Min            Max
	Medium Traffic

Surface & Base

  Min              Max
	Heavy Traffic

Surface & Base

   Min            Max

	Compaction, number of blows each end of specimen

Stability, N (lb) 

Flow, 0.25 mm 

Percent Air Voids

Percent Voids in Min- eral Aggregate (VMA)

Percent Voids Filled With Asphalt (VFA)
	 35       

  3336

  (750)             -

     8               18

     3                 5        

    70               80       
	50

  5338

 (1200)               -

      8                 16

      3                   5

    See Figure 16-1

    65                  78
	75

  8006

 (1800)              -            

      8                14

      3                  5

    65                 75
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