AMERICAN NATIOHAL
STANDARD

iy

Standard Test Method for

ASTM D 1559 - 76

RESISTANCE TO PLASTIC FLOW OF
BITUMINOUS MIXTURES USING
MARSHALL APPARATUS!

This Standard i issued under the Tised designation 1D 1559: the mnber immediatels Tollowsng the desgnation indicates the
sear of origmal adopiion or, in the case of revision. the year of Just evison, A nunber in pareniheses indicaies (he ser of

last reapproval.

1. Scope

1.1 This method covers the measurement of
the resistunce to plastic flow of cylindrical
specimens of bituminous paving mixture
loaded on the lateral surface by meuns of the
Marshall apparatus. This method is Tor use
with mixtures containing asphall cement, as-
phalt cui-back or tar, and aggregute up 1o I-in.
{25.4-mm) maximum size.

1. Apparatys

2.0 Specimen Mold Assembiv—7Mold ¢vlin-
ders i (1000 mm ) in dineter by Vin (76,2
mm) i height, base plates, and extension
collurs shall conform to the details shown in
Fig. |. Three mold cylinders are recom-
mended.

2.2 Specimen Exitractor, sieel, in the form
of a disk with-a diameter not less than 3.95 in.
(100 mm} and % in. (13 mm) thick lor extract-
ing the compacted specimen from Lhe specimen
mold with the use of the mold collar. A
suitable bar is required to transfer the load
from the ring dynamometer adapter to the ex-
tension collar while extracting the specimen..

2.3 Compaction Hammer—The compac-
tion hammer (Fig. 2) shall have a Nat, circular
tamping facc and a 10-tb (4536-p) sliding
weighl with a free fall of 18 in. (457.2 mm).
Two compaction hammers are recommended.

Nove 1 =The compaction hammer may be
cquipped with a finger safety guard as shown in
Fig. 2.

24 Compaction Pedestal—The compuaction
pedestal ghall consist of an 8 by 8 by 18-in.
{203.2 by 203.2 by 457.2-mm) wouden post
cupped with a 12 by 12 by l-in. (304 8 by 3048
by 25.4-mm) steel plate, The wooden post shall

be oak, pine, or other wood having an average
dry weight of 42 (0 48 ib/N* (0.67 10 0.77
g/cm?). The wooden post shall be secured by
four angle brackets 1v a solid concrete slab,
The steel cap shall be firmiv lastened Lo the
post. The pedestal assembly shall be installed
sa that the post is plumb and the cap is level,

2.5 Specimen Mold Holder, mounted un the
compaction pedestal <o as to center the com-
puaction mold over the center of the post. {1
shall hold the compaction mold, coltar, and
hase pixte securely tn position during compag-
tion al the specimen,

26 Breaking Head—1he breaking  beml
{Fig. 3) shall consist of upper and lower
cylindrical segments or test beads having un
inside radius of curvature of 2 in. (508 mm)
accurately machined. The lower segment shall
be mounted on a base having two perpendicu-
far guide rods or posts cxlending upward.
Guide sleeves in the upper segment shall be in
such a position as to direct Lhe two segments

‘logether without appreciable binding or loose

motion on the guide rods.

27 Loading Jack—The loading jack (Fig.
4) shull consist of a screw jack mounted in a
testing frame and shall produce 4 uniform
vertical movement of 2 in. (50.8 mm)/min. An
electric molor may be attached to the jacking
mechamsm,

NoTe 2—instead of the loading jack, a mechani-
cal or hydraulic testing machine mav be used
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nroviged the rie of iovernent car oc malnLuned at
2in, {504 mm)}/min while the load s applied.

28 Ring Dynamomeier Assembly—One
ring dynamometer (Fig. 4} of 5000-1b (2267-
kg} capacity and scnsitivity of 10 1b (4.536 kg)
up to 1000 Ib (453.6 kg) and 25 Ib (11,340 kg)
between 1000 and 5600 Ib (453.6 and 2267 kg)
shyll be equipped with a micrometer dial. The

migrometer dial shall be graduated in 0.0001

in.1{0.0025 mm). Upper and lower ring dyna-
momeler attachments are required for asten-
ing the ring dynamometer Lo the testing frame
and transmitting the load to the breaking head.

Note 3—Instead of the ring dynamometer
assembly, any suilable load-measuring device may
be used provided the capacity and sensitivity meet
the above requirements.

2.9 Flowmeter—The flowmeter shall con-
sist of a guide sleeve and a gage. The activating
pin of the gage shall slidg inside the guide
sleeve with a slight amount pf frictional resist-
ance. The guide sleeve shall slide [recly over
the guide rod of the breaking head. The Mow-
meter gage shall be adjus{ed to zero when
placed in position on the breaking head when
cach individual test specimen is inscried be-
tweed the Drenking head segments, Grudun-
tions of the flowmeler gage shall be in 0.01-in.
(0.25-mm) divisions.

NoTe 4 —Instead -of the flowmeter, a microme-
ter dial or stress-strain recorder graduated in 0.001
in. (0.025 mm) may be used 10 measure flow.
- 210 Ovens or Hot Plates—Ovens or hot

plates shall be provided for heating aggregates,
bituminous malerial, specimen moids, com-
piction hammers, and other equipment to the
required mixing and molding temperatures. It
is recommended that the heating units be
thermostatically controlied so as Lo maintain
the required temperature within 5 F (2.8 ).
Suitable shickds. balfe plates or sand baths
shall be used on the surfaces of the hot plutes to
minimize localized overheating.

2.1t Mixing Apparaius—Mechanical mix-
ing is recommended. Any type of mechanical
" ‘mixer may be used provided it can be main-
tained at the required mixing temperaturc and
will produce 2 weil-¢oated, homogeneous mix-
ture of the required amount in the allowable
time, and further provided that essentially ali
of the batch can be recovered. A metal pan or
bowl of sufficient capacity and hand mixing
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muy atso be used.

212 Water Bath—The water bath shall be
at least 6 in. {152.4 mm) deep and shall be
thermostatically controlled so as to maintain
the buth ul 140 £ 1.8 F (60 = 1.0C)or 100 &
1.8 F {378 + | C). The tank shuall have a
perforated Talse bollom or be equipped with a
shell Tor supporting specimens 2 in. (50.3 mm)
above the bottom of the bath,

2.13 Air Bath——The air bath for asphaht
cut-back mixtures shall be thermostatically
controlled and shall maintain the air temipera-
wre at 7T F + 1.3 F (25 + 1.0 C).

2.14 Miscellaneous Equipment:

2.14.1 Containers for heating aggregates,
flat-bottom metal pans or olher suitable con-
lainers,

2.14.2 Conmtainers for healing bituminous
mulerial, either gill-lype lins, beskers, pouring
pols, or siuccpans muy he used.

2.14.) Mixing Toal, cither a steel trowel
(garden type) or spatuly, for spading and hand
mixing.

2.14.4 Thermometers lor determining lem-
peralures of aggrepates, bitumen, and bitumi-
nuus mixtures. Armored-glass or dial-type
thermumctess with metal sems are recame
mended. A range from 50 1o 400 F (9.9 10 204
C). with sensitivity af § F (2.8 C} is required.

2.14.5 Thermomeiers for water and air
bulhs with a range from 68 to 58 F (20 10 70
C) sensitive to 0.4 F (0.2 C).

2.14.6 Balance. 2-kg capacily. sensiiive lo
0.1 g. for weighing molded specimens.

2.14.7 Balance. 5-kg capucily, sensilive to
1.0 g, for batching mixtures.

2.14.8 Gloves for handling hot equipment.

2.14.9 Rubber Gloves for removing speci-
mens from water bath,

2.14.10 Marking Crayons for identilying
specimens,

2.14.1t Scoop, Nat boliom.
aggregates.

2.14.12 Spoon, large, for placing the mix-
ture in the specimen molds.

for batching

3. Test Specimens

3.1 Number of Specimens—Prepare al leasl
three specimens for each combination of ag-
gregates and bitumen conlent,

3.2 Preparation of Aggregaies—Dry aggre-
gitles to constant weight at 22110 230 F {10510
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10 Cy and separate the aggregates by dry-siev-

ing into the desired size fractions.” The lollow-
ing size fractions are recommended;

io Y in (250 o 19.0 mm)

YWl S (190 0 9.5 mm)

%on, to Na. 4 (9.5 mm to 475 mm)

No. 4 to No. 8 4.75 mm lo 2.36 mm)

Passing No. 8 (2.36 mm)

3.3 Determination of Mixing and Compaci-
ing Temperatures:

3.3.1 The temperatures to which the asphalt
cement and asphalt cut-back must be heated to
produce a viscosity of 170/+ 20 ¢St shall be ”]L
mixing lemperature.

3.3.2 The temperature Lo which dehdll ce-
‘ment must be heuted to produce u viscosity of
280 =+ 30 ¢St shall be the compacling tempera-
ture.

3.3.3 From a composition chart for the
asphalt cut-back used, determine from’ its
viscosity at 140 F (60 C) the percentage of
solvent by weight. Also determine from the
chart the viscosily ut 140 F (60 C) ol the
asphall cut-back after it has lost 50 percent of
its solvent. The lemperature determined from
the viscositly temperature chart to which the
Snsphall cut-back must be heated to produce a
viscosity o 280 + 30 eSU alter a loss ol 50
percent of the original solvent content shall be
the compacting temperature.

3.3.4 The temperature to which tar must be
heated to produee Engler specific viscosities of
25 + 3 and 40 + 5 shall be respectively the
mixing and compacting temperature,

3.4 Preparation of Mixtures:

3.4.1 Weigh into separate pans for each test
specimen the amount of each size fraction
required lo produce a batch that will result in a
compacted specimen- 2.5 x 0.05 in. (63.5 +
1.27 mm) 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 tem-
perature established in 3.3 by more than
approximately 50 F (28 C) for asphalt cement
and tar mixes and 25 F (14 C) for cut-back
asphalt mixes. Charge the mixing bowl with
the heated aggregate and dry mix thoroughly.
Form a crater in the dry blended aggregate and
weigh the préheated required amount of bitu-
minous malerial into the mixture. For mixes
prepared with cutback asphuit introduce the
mixing blade in the mixing bowl and delermine
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the total weight of the mix components plus
howl and blade before proceeding with mixing,
Care must be exercised to prevent loss of the
mix .during mixing and subseguent handling.
At this point, the temperature of the aggregate
and bituminous material shall bexwithin the
limits of the mixing temperature established in
3.3, Mix the agprepate and bituminous mater-
1al rapidly. until thoroughly coated.

3.4.2 Following. mixing, cure asphalt cut-
back mixtures in a ventilated oven maintained
at approximately 20 F (11.1 C) above the
compaction temperature. Curing is Lo be con-
tinued in the mixing bowl until the precal-
culated weight of 30 percent solvent loss or
more has been obtuined. The mix may be
stirred in a mixing bowl during curing to
accelerate the solvent However, cure
should be exercised to prevent loss of the mix.
Weigh the mix during curing in successive
intervals ol 15 min-initially and less than 10
min intervals as the weight of the mix at 50
percent solvent loss is upproached.

1.5 Compaction of Specimens.

3.5.1 Thoroughly clean the specimen mold
assembly and the face of ‘the compaction
hammer and heat them either in boiling water
or un the hot ple to temperature between
200 and 300 I (93.3 and 148.9 C). Place a picce
of filter paper or paper toweling cut Lo 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 perime-
ter and |0 times over the interior. Remove the
collar and smooth the surface of the mix witha
trowel to a slightly rounded shape. Tempera-
tures of the mixtures immediately prior to
compaction shall be within the limits of the
compacling temperature established in 3.3.

3.5.2 Replace the collar, place the mold
assembly on the compaction pedestal in the
mold holder, and unless otherwise specilied,
apply 50 blows with the compaction hammer
with a free fall in 18 in. (457.2 mm). Hold the
axis ol the compaction hammer perpendicular
to the base of the mold assembly during
compaction. Remove the base plate and coliar,

loss.

? Detailed reguirements for these sieves are given in
ASTM Spccific:uiun o, for Wire=Cloth Sieves Tor
Testing Purposes see Annual Book of ASTM Siandards,
Parts'[5and 41
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110 Crand scparsite the apgregates by dry e sev-
ing into the desired size fractions. ! The lollow-
ing sive fractions are recommended:

oY an (250 w0 9.0 mm)

Yt S an (190 g0 9.8 mmy

Son o No 4095 mm 10 475 mm)

Na. 4 10 Mo, 3 (475 mm to 2.36 mn)

Passing N, ¥ (2 36 mm)

Y3 Determinafion of Mixing and Conmipaci-
ing Temperaiures:

131 The temperatures 1o which the asphalt
cement and asphalt cut-hack must be heated Lo
produce a viscosity of 170+ 20 ¢St shall be the
mixing temperalure. r

Y.3.2 The temperature to which asphall ce-
ment must be heated 1o produce a viscosily of
280 + 30 cSt shall be the compacting temperu-
ture.

3.3.3 From a composition chart [or the
asphalt cut-back wsed, determine from its
viscosity at 140 F (60 C) the pereentupe of
solvent by weight. Also determine from the
chart the viscosily ut 140 F (60 C) ol the
asphult cut-back after it has lost 50 percent of
its solvent. The temperature determined from
the viscosily lemperalure chart to which the
asphalt cut-hack must be heated Lo produce o
viscosily of 280+ M oSt alter o foss al 3G
percent of the original solvent conlent shall be
the compacting temperalure,

3.3.4 The temperature to which tar must be
heated to produce Engler specific viscostlies of
25 3+ 3 and 40 x 5 shall be respectively the
mixing and compucting lemperature.

3.4 Preparation of Mixtures:

141 Weigh into separate pans for each test
specimen the amount of euch size fraction
required Lo produce a batch that will result in a
compacted specimen 2.5 x 0.05 in. (635
1.27 mun) in height (about 1200 g). Place the
pans on the hot plate or in the oven and heat 1o
a temperature nol exceeding the mixing lem-
perature cstablished in 1.3 by more than
approximately 50 F (28 C) for asphalt cement
and tar mixes and 25 F (14 C) for cul-back
asphalt mixes. Charge the mixing bowl with
the heated aggregale and dry mix thoroughly.
Form a crater in the dry blended aggregate and
weigh the préhcaled required amount of bitu-
minous material into the mixture. For mixes
prepared with cutback asphalt introduce the
mixing blade ia the mixing bow! and determine

the ol weight of the nuxy compuonents plus
bowl and blade betore procecding with miixing,
Care must be exeresed 1o prevent loss of the
iy durig mivng and subsequent handling.
At this point. the temperature ol Lhe agpregate
wred bituminous nudertalb shall beswithin the
limits of the mixing lemperature established in
13 My the aggrepate and biluminous maler-
tut rupdiv untrl thoroughly coated.

14.2 Following. mixing. cure asphalt cut-
hack mixtures in g ventiluted vven maintained
JUoapproximately 20 F (111 C) above the
compaction temperalure. Curing is to be con-
tinved in the mixing bowl until the precal-
cubated weight of 50 percent solvent loss or
mare has been oblained. The mix may be
stirred in u mixing bowl during curing to
acceelerate the solvenl toss. However, care
should be exercised Lo prevent loss of the mix.
Weigh the mic during curing in successive
mtervals of 18 min imtndly amd dess than 1
s tervads as the weight of the m ae 50
pereent solvend loss s approached,

18 Compaction of Specimens.

Y51 Thoroughly clean the specimen mold
assemhly and the face ol the compuction
Tivmer amd heat them either in bailing waler
or an the hot plide to o lemperature between
200 and 00 F (93 3 and 1459 C). Place o piece
af Hilter paper or paper towehing cul W size in
the bottom of the mold belore the mixture is
introduced. Place the entire batch in the mold,
spade the mixture vigorously with a heated
spalula or trowel 15 times around the perime-
ter and 10 times over the interior. Remove the
collar and smooth the surface of the mix with a
trowel to u slightly rounded shape. Tempera-
tures of the mixtures immediately prior to
compaction shall be within the limits of the
compacling lemperature established in 3.3,

3.5.2 Replace the collar, place the mold
assembly on Lhe compaction pedestal in the
mold holder, and unless otherwise specified,
apply 50 blows with the compaction hammer
with a free fall in 1810 (457.2 mm). Hold the
axis of the compaction hammer perpendicular
to the base of the meld uassembly during
compaction. Remove the base plute and collar,

Tclnled feginrements for these seses arg civen in
ASTM Specihication 1L Tar Wire-Cloth Sieves for
Testing Purposes see Annual Book of ASTM Stendards,
Parts 15 and 41
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and reverse and reassemble the mold. Apply
the same number of compaction blows Lo the
face of the reversed specimen. Alter compac-
tion, remove the base plate and piace the
sample extractor on thai end 'of the specimen.
Place the assembly with the extension collar up
in the testing machine, apply pressure (o the
coltar by means of the load transier bar. and
force Lhe specimen into. the exlension collur.
Lift the collar from Llhe spcsimcn. Curefully
transfer the specimen to a smooth. flat surfuce
and allow it lo stund overnight at room
temperature. Weigh, meusure, and lest the
specimen, -

NoTE §—In geperal, specimens shail be cooled
as specified in 3.5.2. When more rapid cooling is
desited. lable fans may be used. Mixtures that lack
sufficical cohesion Lo resull in the required cylindri-
cul shape on removal from the mold immediately
afler compaction may be cooled in the mold in air
until sufficient cohesion has developed to result in
the proper cylindrical shupe.

4. Procedure
4.1 Bring the specimens preparcd with as-
phalt cement or tar to the specificd lempera-
ture by immersing in the water balh 30 to 40
min or plaetng in the even for 2 0, Maointain the
huth oroven iemperature at 140 2 1.8 I (60 =
1.0 C) for the asphalt cement specimens and
100 + 1.8 F(37.8 £ 1.0 C) lor tar specimens.
Bring the specimens prepured with asphall
cul-back 1o the specified lemperature by plac-
* ing them_in the air bath for a minimum of 2 h.
_Mauintaiw the air bath lemperature at 77 = 1.8
F (25 + 1.0 C). Thoroughly cleun 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 lest head slides
freely aver them. The testing-head temperature
shall be maintained between 70 to 100 F (21.1
to 37.8 C) using a water bath when required.
Remove the specimen from the water bath,
aven, or air bath, and place in the lower
segment of the breaking head. Place the upper
segment of the breaking head on Lhe specimen,
and place the complete assembly in position on
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the testing machine. Place the flowmeter,
where used, in position over one of the guide
rods and adjust the Mowmeter to zero while
holding the slecve firmly against the upper
segment of the breaking head. Hold the Now-
meter sleeve firmly against the upper scg-
meni of the breaking head while the test load
is being applied.

4.1 Apply the loud 1o the specimen by
means of the constant rule of movement ol the
loud jack or testing-machine head of 2:in. (50.8
mm)/min unti! the maximum load is reached
and the load decreases as indicated by the dial.
Record the maximum load noled on the Lesting
muchine or converted from the maximum
micrometer dial reading. Releuse the flowme-
ter sleeve or note the micromeler disl reading,
where used, the instunt the maximum load
begins o decrease. Note and record the in-
dicuted Now value or equivalent units in hun-
dredths of an inch (twenty-five hundredths of a
millimetre) il o micrometer dial is used Lo
measure the flow. The clapsed lime for the lest
from removal of the test specimen from the
willer bath 10 the maximum load determina-
tion shall not exceed 30 <.

Noir 6 - lor aore specimens, carrect the load
when thickness is other thun 2% in. (61.5 mm) by
using the proper multiplying fuctor from Table 1.

5. Report

5.1 The report shall inciude the leilowing
information:

5.1.1 Type of sample tested (laboratory sum-
ple or pavement core specimen).

Note 6—For core specimens, the height of
each test spccimen in inches {or millimetres} shali
be reported.

5.1.2 Average maximum load in pounds-
force (or newions) of at least three specimens,
correcied when required,

5.1.3 Average Now value, in hundredths of
an inch, twenty-five hundredths of a milli-
metre, of three specimens, and

5.1.4 Testtemperature.
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TABLE 1 Sisbilits Correlation Ratios*
Approx-

Volunie vl male Coreela-
Specimen, Thickness mm Lon

cm’ vl Speci- Ratio

men.sn*

20060 211 1 25.4 5.%
21410 238 1'% 27.0 s.00
3610 237 1'% 28.6 4. 58
2310 250 14 0.2 417
25110 264 1'a 3.8 185
26510 276 1%, 313 1.57
37710 289 1% .9 )3
90 10 3 [ Je.5 1.03
WWMe b 1% 8.1 1.7%
7w I 1% w7 2.5
129 (0 140 1% 41} o
13w dsd bhen 429 2.08
M 67 i 444 192
16k 179 e 46.0 imw
RLICETOL [ 7.6 1.67
Mo dns (R 49 1 [
406 10 420 2 sg.R 1.47
421 e d e 2.4 1.»
432 1 ddl 2 5.0 10
PR RTONATS I Rh N 1.2%
45T 10470 n, 87.2 [k
47h to dhY R b 1.14
ELRETIR LA e [LII] 1.9
H96H 1 SOR . 6l Y% 1.0
S0 0 822 2t 6l 8 1.
S23e 838 AR fed 1F LU
Sihan Sd6 2 [ 041
LR ATTRA D] LN Iy 7 1 Ul
Sedd i A7 LA [~ (L0 T
S7d 10 SKS 1. 7.4 1K1
SKbo SR Y AN 0K
M0 al0 2% 4.6 0.7%
Gl inh2s 1 7.2 0.7

* The measured sability of o specimen multiplied by the
ratia for the thickness of the specimen equals the correciud
sabiliny Tor a 24 -in. {618 wan) specimen.

* Vaolume-thick ness relativnship it based on a specimen
dameter vi 4 in. (1.6 mm)
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FRONT SECTION "A-A"
FIG. 4 Compression Testing Nachine.
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