Pavement Materials & Design

Hot Mix Asphalt (HMA) mix design using
Marshall method
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Objective of a mix design




Objective of a mix design

O The objective of a mix design is to determine the
combination of asphalt cement and aggregate that
will give long-lasting performance as part of the
pavement structure.

O Mix design involves laboratory procedures developed
to establish the necessary proportions of materials
for use in the asphalt mixture.

O These procedures include

» Determining an appropriate blend of aggregate sources to
produce proper gradation of mineral aggregate

» Selecting the type and amount of asphalt cement to be used
as the binder for that gradation.
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Objective of a mix design

U The final goal of mix design is to select a unique design binder content that will
achieve a balance among all of the desired properties.

» Ultimate pavement performance is related to

K3

< durability, impermeability, strength, stability, stiffness, flexibility, fatigue resistance and workability.

U Within this context, there is no single asphalt content that will maximize all of these
properties.

< Instead, an asphalt content is selected on the basis of optimizing the properties necessary for the specific
conditions.

< The optimum binder content (0.B.C) refers to the amount of asphalt binder that balances different
desirable mixture properties for each combination of aggregate

U Therefore, the mix design aim to determine the best or Optimum Asphalt (binder)
Content (0.A.C) (or 0.B.C) that will provide
«»  Stability & durability

K3

< Additional desirable properties such as impermeability, workability, & resistance to bleeding,




HMA Mix Design

Methods

Asphalt Mix Design Methods

1890 1920s

* Barber Asphalt « Clifford Richardson * Hubbard Field mix
Paving Company

1927

* Francis Hveem

design

A

(2015 - present )

* Balanced mix design
(Performance-Engineering mix design )

1943

* Bruce Marshall

* Superpave Mix
Design
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Will be covered in Advanced Pavement Materials course Currently used
in Jordan




Marshall Mix Design

Steps

Marshall Mix Design

Overview

O The Marshall method of mix design is for dense graded
HMA mixes.

QO Itis used almost everywhere in the world.

QO It is the predominant mix design method for airport
pavements

U General procedures
»Single selected aggregate gradation, five different asphalt

contents are tested for various volumetric and strength criteria
to select the optimum binder content
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Marshall Mix Design

Step A : Aggregate Evaluation




Step A : Aggregate Evaluation

L A-1: Determine acceptability of aggregate for use in HMA by performing
the following aggregate tests:

> L.A. Abrasion

Soundness

Sand Equivalent
Flat & Elongated
% Crushed faces
» Polishing,

YV V V V

O A-2: If aggregate pass the requirements in A-1, then perform the following

aggregate tests:
> Gradation

» Specific gravity (S.G)

> Absorption
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Step A : Aggregate Evaluation
There are several guidelines to keep in mind :

1. Binder demand increases as the NMAS of the mix decreases
2. Absorptive aggregates have a greater binder demand
3. Foragiven NMAS,

> a fine aggregate gradation will require more binder than a coarse aggregate gradation;

4. If higher VMA is anticipated due to hard, angular aggregates, more binder will be required;

Mixes with a higher P,,,tend to require more binder than those with a lower P 200

15
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TABLE (6}

ASPHALT PAVEMENT ,

500 REV
:= SAND EQUIVALENT
= PVT
:-FLAKINESS INDEX(B.S):
: ELONGATION INDEX(B.S):
:-CLAY LUMPS & FRIABLE:
: PARTICLES (%) H

(BINDER AND WEARING)

: 50 MIN.(HOT BINS):
: N.P (HOT BINS)
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TECHNICAL SPECIFICATION FOR SECONDARY & VILLAGE ROADS :

HOT MIX. LAYER
ITEM OF SPECS. t===c=scsssssESSE=S=Sissssss=sz==cossS=sE)
WEARING : BINDER
:AGG. SPECS
;- ABRASION (%) . 35 MAX. : 35 MAX.
- RATIO OF WEAR LOSS : 0.22 MAX. : 0.22 MAX.
100 REV H

50 MIN.(HOT BINS):

: N.P (HOT BINS)

20 MAX. ¢ 25 MAX.
20 MAX. _: 25 MAX.
1.0 MAX. : 1.0 MAX.
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Ste p A . Agg regate Eva I u atio n No-200] No-50 | Wec1s o8 oo s/8nch m.ym

1 A-3: Perform aggregate
blending to determine
the suitable gradation , P

Percent Passing

. . . P
U Blending Guidelines al
. pasmm ssamn Sieve Size
» Check how close the midband _
gradation comes to the maximum Sewe [t e T A
density line T = 4
. Lo 12.5(i/z in) 90-100 = /
«» If it too close, the VMA is likely to be S5Lmm /8 oo g y 4
too low o T =
No.8 | g 4 A
«» VMA is increases as the gradation lines No. 16 — 2 V. o
moves away from the maximum e — Ipe _
density line either up or down ST R B i
No. 200 210 L Ligmn 236 M 75 mm 0Smm 115 mn 19.00 mm 2500 . 375 mm Somm 63 mm|
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Step A : Aggregate Evaluation

U A-4 :Prepare specimen weigh-out table

by multiplying % aggregate

retained between sieves Required Aggregate wt. (g) 1150
times the reqwred tOta! Sieve size % Passing Cum. Retained (% )[Cum. Retained (g) Retained
aggregate Welght rgqulred 254 mm (1in) 100.00 0 0.0 0
to prepare the specimen 19.0 mm (3/41in) 100.00 0 0.0 0
(usua”)( 1150 g)’ th_en 12.5(1/2in) 93.00 7 80.5 80.5
de‘fermme cumulative 9.51 mm (3/8in) 81.00 19 218.5 138
Welghts' No. 4 50.00 50 575.0 356.5
No. 8 35.00 65 7475 172.5
No. 16 25.00 75 862.5 115
No. 30 19.00 81 931.5 69
No. 50 13.00 87 1000.5 69
No. 100 9.00 91 1046.5 46
No. 200 6.60 93.4 1074.1 27.6
Pan 0 100 1150.0 75.9

21
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Marshall Mix Design

Step B : Asphalt Cement Evaluation

22
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Step B : Asphalt Cement Evaluation

1 B-1 : Determine appropriate asphalt cement grade

» Based on type geographic location and design speed being designed

U Asphalt binders with high penetration
numbers (called “soft”) are
used for cold climates

O Asphalt binders with low penetration
numbers (Ealled “hard") are
used for warm climates

Penetration
Grade min. max.
40=50 40 50
Gil=710 {s1i] 70
B5=100 B85 100
120=150 120 150
200=300 200 300

U JORDAN PETROLEUM REFINERY CO. produces only 60/70 and 85/100 grades only

23
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Step B : Asphalt Cement Evaluation
Penetration Grade
40-50 60-70 85-100 120-150 200-300
Min Max Min Max Min Max Min Max Min Max
Penetration at 25°C [77°F], 100 g, 5 s 40 50 60 70 85 100 120 150 200 300
Softening Point, °C [°F] 49 [120] 46 [115] 42 [108] 38 [100] 32 [90]
Flash point, °C [°F], (Cleveland open cup) 230 [450] 230 [450] 230 [450] 220 [425] 175 [350]
Ductility at 25°C [77°F], 5 cm/min, cm 100 100 100 100 1007
Solubility in trichloroethylene, % 99.0 99.0 99.0 99.0 99.0
Retained penetration after thin-film oven test, % 55 + 52 + 47 + 42 + 37+
Ductility at 25°C [77°F], 5 cm/min, cm after thin-film 50 75 100 100%
oven test test
AIf ductility at 25°C [77°F] is less than 100 cm, material will be accepted if ductility at 15°C [60°F] is 100 cm minimum at the pull rate of 5 cm/min.
25
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Step B : Asphalt Cement Evaluation

- B-3 : Determine the specific gravity of asphalt binder.

The pycnometer method is used to determine the specific gravity of asphalt cements.

26
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Step B : Asphalt Cement Evaluation

Selection of mixing and compaction temperatures

Q

Q

For years, asphalt mix design procedures have used equiviscous temperature ranges for
selecting laboratory mixing and compaction temperatures

The purpose of using equiviscous mixing and compaction temperatures in laboratory mix
design procedures is to normalize the effect of asphalt binder stiffness on mixture
volumetric properties

» Compaction temperatures
> Mixing temperatures are
Laboratory Compaction temperatures

» Determined where the viscosity-temperature line crosses the compaction viscosity range of 0.28 + 0.03 Pa-s

Laboratory Mixing temperatures are

» Determined where the viscosity-temperature line crosses the mixing viscosity range of 0.17 + 0.02 Pa-s

27
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Step B : Asphalt Cement Evaluation

28

Step B : Asphalt Cement Evaluation

1 B-5 ; Plot viscosity data on Temperature

Viscosity, Pa s
ity
5
1
S ‘.\\\
3 S
2 ™~
. \\
A1
100 110 120 130 140 150 160 170 180 190 200
Temperature, C

29

29
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Step B : Asphalt Cement Evaluation

- B-6 ;: Determine mixing & compaction temperature ranges

i Compaction Range ‘

100 110 120 130 140 150 160 170 180 190 200

Temperature, C

Mixing viscosity range (0.17 £ 0.02 Pa-s) or (170 +- 20 CSt)

Compaction viscosity range (0.280 * 0.03 Pa-s) or (280 +- 30 Cst) 67
30
30
Step B : Asphalt Cement Evaluation
Selection of mixing and compaction temperatures
U Laboratory mixing and compaction temperatures are intended for determining design
volumetric properties of the asphalt mixture and are NOT intended to represent field
mixing and compaction temperatures at the project level
In an asphalt mix facility:
O The mixing temperature
» The temperature at which the aggregate can be sufficiently dried and uniformly coated
» It should not exceed 177 °C
O The compaction temperature
> based solely on the ability of the compaction equipment to achieve adequate in-place density
» for an asphalt mix is usually in the range of 135-155 °C
31
31
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Marshall Mix Design
Step C : Preparation of Marshall Specimen
33
33
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Step C : Preparation of Marshall Specimer

: : b
U C-1: Prepare a trial specimen
> It is used to check if the height of the trial specimen .
(h,) is within the range of Marshall specimen of :

«» Specimen height =2.5 £ 0.1 inch [63.5 £2.5mm)]
Specimen diameter =4 + 0.2 inch [101.5 + 5.1 mm]

R/
0.0

“
» If the specimen is outside this range,

®,
0.0

Make an adjustment of aggregate quantity used in preparing the specimen as follows

for International System of Units (SI),

for U.5. Customary Units,
Adjusted mass  63.5 x (mass of aggregate used)

of aggregate

Specimen height (mm) obtained of aggregate

Adjusted mass 2.5 x (mass of aggregate used)

Specimen height (in.) obtained

34

34
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Step C : Preparation of Marshall Specimen

U C-2: Dry, then sieve aggregates into sizes (individual sizes)
» At least 18 samples with the adjusted aggregate weight

» Approximately you will need a total of 25 kg & 4 liters of AC.

35
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Step C : Preparation of Marshall Specimen

L C-3: Estimate the Optimum binder content (O.B.C)

» The optimum binder content (0.B.C) refers to the amount of asphalt binder that
balances different desirable mixture properties for each combination of aggregate
type, aggregate gradation, additive type, additive dosage and binder type

U The “expected Optimum binder content (0.B.C) ” asphalt content can be based on any
or all of these sources:

» Experience

» Computational formula

36

36

Step C : Preparation of Marshall Specimen
Example : Computational formula to estimate the Optimum binder content (O.B.C)

P=0.035xa+0045%xb+K «=C+F
Where,

» P = approximate asphalt content of mix, percent by weight of mix
» a = percent of mineral aggregate retained on 2.36-mm (No. 8) sieve

> b = percent of mineral aggregate passing the 2.36-mm (No. 8) sieve and retained on the
75-um (No. 200) sieve

» ¢ = percent of mineral aggregate passing 75-um (No. 200) sieve
> K=
«» 0.15 for 11-15 percent passing 75-um (No. 200) sieve

% 0.18 for 6-10 percent passing 75-um (No. 200) sieve
« 0.20for 5 percent or less passing 75-um(No. 200) sieve

% 0 - 2.0 percent. Based on the absorption of light or heavy aggregate,
« inthe absence of other data, a value of 0.7 is suggested

37

37
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Step C : Preparation of Marshall Specimen
Q

e DM e BH ¢ W
Estimated 0.B.C -1.0% ¢ # #

Estimated O.B.C - 0.5% " " "

Estimated Optimum binder content (O.B.C)

Estimated O0.B.C + 0.5% H "
Estimated 0.B.C_+1.0%

38
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Step C : Preparation of Marshall Specimen

U The goal of laboratory mixing
operations is to produce uniform
batches of properly coated HMA
mixtures.

U Mixing is typically done with either

» A planetary with wire whips

» Five-gallon bucket mixer

A planetary with wire whig)gs

39




Step C : Preparation of Marshall Specimen

C-5: Mix the aggregate with the specified binder content

Raw materials Mixing Process Loose Asphalt Mixture

40

40

Step C : Preparation of Marshall Specimen
C-5: Mix the aggregate with the specified binder content

41
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Step C : Preparation of Marshall Specimen

C-6: Prepare three loose mixture specimens near optimum AC to measure Rice or Maximum
theoretical S.G. (TMD = Theoretical Max density).

Three specimens prepared @ estimated 0.B.C

—_

F AEE
No.1 g Gmm Specimen No.1
No.2 4

L
No.3 . i

_ (GmmS;  Gmmg, + Gmmg,)

Gmm 3

Gmm Specimen No.2 —

Gmm Specimen No.3

—_—

42
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Step C : Preparation of Marshall Specimen

C-7: Calculate the G, at the other trial binder contents (

\ Measured Gmm @ Estimated (0.B.C) ( Step C-6) }

!

| Find G, for the aggregates |

Back-calculate G, at the other trial binder contents

v v 1 v v

@ 0.B.C-0.5% @ 0.B.C-1.0% @0.B.C+0.5% @ 0.B.C +1.0%

43
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Step C : Preparation of Marshall Specimen

C-8: Compact the specimen at the required Blow/side according to Marshall specifications.

O The laboratory compaction effort is intended to replicate the ultimate or
final compacted condition of the pavement after being exposed to several
years of traffic loading.

O Experience has shown that pavements that maintain an air void level of
around 4 percent provide the best long-term performance in the field.

O The Impact compaction is the method for volumetric mix design and
quality control testing compaction used in Marshall

44

Step C : Preparation of Marshall Specimen
C-8-A : Packing the mold

O Place afilter or nonabsorbent paper disk cut to
size in the bottom of the mold.

[ Place the entire batch in the mold with collar,
and then spade the mixture vigorously with a
heated spatula or trowel 15 times around the
perimeter and 10 times over the interior.
Smooth the surface to a slightly rounded
shape.

O The temperature of the mixture immediately
prior to compaction shall be within the limits
of the compaction temperature established in
paragraph otherwise, it shall be discarded. In
no case shall the mixture be reheated

45
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Step C : Preparation of Marshall Specimen

C-8: Compact the specimen at the required Blow/side according to Marshall specifications.

U The number of blow/side is function with design traffic level

Light Traffic® Medium Traffic? Heavy Traffic’
Marshall Method Criteria’ Surface & Base Surface & Base Surface & Base
Min Max Min Max Min Max
Compaction, numberl of blows 35 50 76
each end of specimen

m Traffic classifications

» Light Traffic conditions resulting in a 20-year Design ESAL < 10%

» Medium Traffic conditions resulting in a 20-year Design ESAL between 10* and 10°

»Heavy Traffic conditions resulting in a 20-year Design ESAL > 10°

46
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Step C : Preparation of Marshall Specimen

C-8: Compact the specimen at the required Blow/side according to Marshall specifications. Qn!

47
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Step C : Preparation of Marshall Specimen

O C-9 Determine the Bulk Specific Gravity, G,

https://www.youtube.com/watch?v=U6-8C1hRdDk

VOL

MASS

48
48
(a) (c) @
Sieve and sieve shaker Sieved 1 in buckets
(2
Pouring binder
(1) ® m
Sample in pan Sammple in mold Sample ou counter 49
49
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Marshall Mix Design

Step D : Density and voids analysis

51

51

Marshall Mix Design Method Procedures
Step D : Density and voids analysis
W D-1: Use the G from step C-9 and G,,,, to calculate the percent air void

>V, =100 x ZuZT2

mm

(] D-2: Determine the unit weight of Marshall specimen

»Unit weight = Gpp X Syater
> Syarer= 1000 kg/ m*3 (62.4 Ib/ft"3)
U D-3: Determine VMA

> VMA= 100 —Gmg—‘Ps

0 D-4 : Determine VFA

»VFA = 100 x MA-Va
VMA

52

52
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Step C : Preparation of Marshall Specimen

U C-4: Prepare three specimens at five different binder contents

) I
Estimated 0.B.C -1.0% ﬂ

Estimated O.B.C - 0.5% ﬂ ﬂ d
raV) e
Estimated Optimum binder content (0.B.C) d ﬂ ﬂ

53
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Step C : Preparation of Marshall Specimen

U C-4: Prepare three specimens at five different binder contents

Estimated 0.B.C +1.0%

54

54
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Marshall Mix Design
.
L]
Step E : Marshall stability and flow test
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Load

Flow

s

e

Deformation

59

Marshall Mix Design

Step F : Tabulating and plotting test results

81

81
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» Volumetric analysis

QO F-1: Tabulate the results from testing

» Correct stability values for specimen height
» Flow

Marshall Mix Design Method Procedures
Step F : Tabulating and plotting test results
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Y- R 1380 K | FAR1 1795148 L3N 7 AR 1ad 1 IR0 LY L]

E TN 17814 TALAR [ 178%% TR 7 a7 150 R iy Tk L]

Faow T 2 417 253 1505 4.7 139 an ol FASR L]

M- A 1256.7 | 7A%K | 13574 5178 7 437 151 4 el 230 L]

S0=h 1Z5R.7 | 742.7 | 1359 3% Sih.6 7 437 1520 Falkll] 180 0

5.0=0C 1158 .4 FIT.E | 12580 3.6 2418 150.5 T4 1340 @

e gy PR 511 1513 34 138 752 2340 a7

55 - A 1263.8 | 742.6 | 1264.3 E21.7 2,433 151.2 210 22710 11

B8 - B TI5E B | 7F91.4 1I5Y 4 sTE.0 4,040 1516 L300 L300 "

b.E-C FALE [ TI8Y .5 5170 o B 1520 LLTD 2240 "
Awprage 008 L4973 1576 2.5 141 g | FeL LY T

83
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Companion 78 Al

e A AC-30

e Trial

Spacific Gravity o AC: 1,030 Abiorbed AC of Aggragain: O, 6% Lo gation Pl
Bulk % 0, Aggregate; 2674 Effective 5.0, Mgpee gate: 2,717 [Pare:
e, ru;’n
o Al B s At
by wt. | Hisight A I Surface | ullc .0
il wwin, i Watey | Diry I | Spacimen Dry mass
Snoc, e, | fmm) air Gmb -
: : 5 i B Bulk volume
3.F=M TZH) .6 | FEOA | 12400 £.366
oix = B V.S | FERD | 12480 £, 385
J.E-C 12400 | 7241 [ 1245 2 .377
At rge )
w
Find Gmb Gub = —
Wssd B Wsub
1240
Gmb@35—-—A=—-—"—"7-—-=2.386
1246.3 —726.3
1238.7
Gmb@35—-—B=——""-—-=2.385
124%.26467123.3
2.386 + 2.385 + 2.377
Average Gmb @ 3.5 = 3 =2.383
84
84
Compaction: 75 Blows Grade AC: AC-20 Project: Trial
Specific Gravity of AC: 1.030 Absorbed AC of Aggregate: 0.6% Location: Mix:
Bulk S.G. Aggregate: 2.674 Effective S.G. Aggregate: 2.717 Date:
% AC Spec. Max.
bywt. |Height| S.G.
of mix, in. (Loose
Spec. No. | (mm) Mix)
4.5-A
45-8
4.5-C
Average 2.531
Measure the Gmm
atthe 0.B.C
85

85
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Aammpartion: T8 Aloes famade A AC-30 Forayjasc Tirial
Spacific Gravity o AC: 1,030 Abiorbed AC of Aggragain: O, 6% Lo gation Pl
Bulk &G, Aggregate: 2,67 4 Effective 5.0, Aggre pate: 2,717 [Bae:
e AL P 6 B,
Lipwi | Heigh | 3.6,
ol aewin, i [Looss .
Spac. o | (mem) | M) Find the G,
4,5 -4 1 0 O - Pb
4.5 - B Gse _—_—h—
o 100 P,
Average 2541 _
Gmm Gb
Gse = oo 45 =2717
2.531 1.030
86
86
Compaction: 75 Blows Grade AC: AC-20 Project: Trial
Specific Gravity of AC: 1.030 Absorbed AC of Aggregate: 0.6% Location: Mix:
Bulk S.G. Aggregate: 2.674 Effective S.G. Aggregate: 2.717 Date:
% AC | spec. [ Max. Estimate Gmm at other binder contents
bfy': ".‘# S.G. where:
s:.‘. 'é' (!::n) Mh;. Gy = m:'-xximum specific gravity of asphalt
mixture
100 t
35_A Gmm = ﬁ P.= pe{centage of aggregate by total mix
S + b weight
3S5-8 G Gb P, = percentage of binder by total mix
1 3.5-C se weight
P, + P,=100
100 _ G, = effective specific gravity of aggregate
Gmm@ 3.5 — 965 , 35 2.570 G, = specific gravity of binder
2.717+1.030 M,,, = bulk mass of paving mixture (which
would be the same as M, since the
100 _ air has no mass), typicallyin g
Gmm@ 4.0 — 96 4 2.550 V. = volume of aggregate and binder,
2.717 1.030 typically in cm?®
p = density of water, 1.000 g/cm®
100
G =555 =2.511
mm@ 5 955 5 .
2.717 1.030
100
50-A Gmmess = =3 L5 =2.493
S0-8 2.717  1.030
5.0-C
| Average 2511
5.5-A
5.5-8B
5.5-C
e — 87

87
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Companion 78 Al
Spagific CravityalAC: 1,030

e A AC-30
Abiorbed AC of Aggragain: O, 6%

Prnjer Trial
L6 cation Pl
[Bae:

Bulk % 0, Aggregate; 2674 Effective 5.0, Mgpee gate: 2,717
Adans, wranes

o AL s, At e, wlan ALk ir
by wt | Hsight ; In | Surfuoe ke 3.0 | WG wWiaight,
ol wrin, b AR | ey vy b bl Specimen | (Looss ek

Spoc. Mo, | () i Lo Min) | (Mgt

_aE-A 1240.6 | 7264 | 12400 | siww | L3RS 1489
oix = B V.S | FERD | 12480 9.3 I, 385 L3
3.5-C 12400 | 7241 | 1245.2 | sanm .377 1483
At rge I.383 2.570 LT

Find unit weight

Unit weight = Gpp X Syater
Unit weight @ 3.5- A =2.386 *62.4 = 148.9 pcf

Sater= 1000 kg/ m*3 (62.4 Ib/ft"3)

Unit weight @ 3.5- B = 2.385 *62.4 = 148.8 pcf
Unit weight @ 3.5-C =2.377 *62.4 = 148.3 pcf

Average Unit weight @ 3.5 = (148.9+148.8+148.8)/3 = 148.7
Average Unit weight @ 3.5 = (2.386%62.4 + 2.385%62.4 + 2.377 *62.4)/3 =- 148.7
Average Unit weight @ 3.5 = 62.4(2.386 + 2.385* + 2.377)/3 =- 148.7
Average Unit weight @ 3.5 = 62.4 * (2.383)=148.7

88
88
Compaction: 75 Hors Gwade AL, AC-20 Project. Tl
S ific Caravirg aFAC 1 040 Alnrher &C of dggregan - 6% Lercarion: Pt
Bulk 3.5, Aggrugace; 2,674 Effuctivy 3.5 Apgrugam 3,717 Phase:
Klans, proms

e AT Spa. Zar, Tl Felam. Lhuat

by wt, st i Al I Buarfags Val Padle S5, .G Walghr, %% Adr

o F mix, i, Water | Diy In i | wpeciman | (Loose pef Waids
Sy M | feran) i Mic) | (Mgim®)

3.5-A VI .6 | 7164 | 1Za5,3 | 2188 3 KA TAR &

35-08 V2387 | 72133 | 1242.6 | 5194 7 3RS 14E K

3.5-< 12100 | 724,01 | 1215.% | 5218 T.ATT 14E 3

Jrerage 7363 3,570 14E.7 7.3
Find air void Gum — G

Va =100
mm
2.570-2.383
Va@3.5Pbh =100 - ———=7.3
2.570
89
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Compaction: 75 Blows

Grade AC: AC-20

Project: Trial

Specific Gravity of AC: 1.030 Absorbed AC of Aggregate: 0.6% Location: Mix:
Bulk S.G. Aggregate: 2.674 Effective S.G. Aggregate: 2.717 Date:
Mass, grams
% AC | Spec. Sat. ~. Max. Unit
bywt. | Height In Surface BulkS.G.| S.G. Weight, % Air
of mix, in. Al Water | Dryin Vo::m. Specimen | (Loose pef Voids pRdA
Spec. No. | (mm) Air Mix) | (Mg/m?®)
3.5-A 1240.6 | 726.4 | 1246.3 519.9 2.386 148.9
3.5-8B 1238.7 | 7233 | 1242.6 | 5193 2.385 148.8
3.5-C 12401 7240 | 1245.9 521.8 2.377 148.3
Average 2.383 2.570 148.7 7.3 14.0
Gmb x Ps
Find VMA VMA=100- ————
Gib
2.383%(100—-3.5)
VMA =100 — —————=14.0
2.674
90
90
Conmpraction. 75 Bhara Grasle AL, AL-Z0 r— Trial
L i Craviga FAC: 1030 Abvrrh el AC o Aggregam - O 65 | carian: Pt
Bulk § G, Apgrugace; 2,674 Effusthon 5.6, Apgrgare; 3,717 [raru;
Mans, pramas
T Spa. Zar, Tl Felam. Lhuat
by wh | Height In | burface |, Balle 805, [ S5 walghe, | %% aie il |
oFmix, in, Ak Water [ Dy In | wPecimen | (Loose pef voids | ™ !
Spmec. Mha | (o) i Mis) | (Mg/m®)
3.5 - A 1340.6 | 7I6.4 | §Za6,3 119 8 I WK ek &
35=8 W238.7 | 7133 | V2416 51%.3 T.ARS 1«45 K
3.5 -C 140N Tl N 25,9 51 R T.ATT 1485
S TR I.3E3 1,570 1487 3 14.0 <80
VMA -V
Find VFA VF4 =100 x ——
VM4 14-73
VFA =100 — ——=48.0
91

91
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Compantion T8 Rloss Camrle AC AC-3 00 Fonjec Trial
Spaeific Gravity o FAC: 1030 Abiorbed AC ol Aggragatn: 0 6% L6 cation Pl
Bulk 5,0, Apgregate: 2674 EHestie 5.0e. Mppee gate: 2,717 [are:
A, g i Stability, lba, (M)
e AL B s Sty RAasu, Ui
bywe [Heghe| | e | Surkee SR | wutks | 6 | weipht | %R | | sura | moasred Adjusmd Retqia
ol wmin, iun. Woapms [ Diry b il ' | Specimen | [Looss pet Vioids Iq,_‘g’: mg‘
Spoc. Mo, | () A Min) | (Mgl ™)
5= A 1240.6 | 7264 | 12403 | Ei9.9 3B | 4B 2440 Zaa0 B
e 1.y | rzea | 124 [ 5193 2385 VAR B 2120 FSED) 7
1.E5-C 12400 | 7240 [ 12459 sare 2.377 1 AE.3 3510 510 [
Avemge Zoawd 1,870 1487 ) 110 1.0 2487 Fl
Perform Marshall Stability test
92
Campastian; ¥ 5 Blows Cradu AC: AC-20 Prajess: Trial
Specific Craviy of 4% : 1,000 Abwariad AC o FAggr e 0,64 Lowcaion: Pl
Bulk 8.0, Aggrugase 3674 Effuciion 5.5, Approgpave; 3,717 Drara;
Mase, grame Srabiiin, e (R)
% AC | Spee St e ) B = e
bt | Hukgdnt tor | Sl Mk 50 | S | Weighs, | A
ol 0kl LR P v Wﬁ:-r potzal e 4 Vorae | A | wVEA | Measrued | At tﬂl!,:ﬂ"l e, i
Spac, Mo, | fmm) Zr iy | (magrmnty
D N-A VP T T I A L ] 519 Y F MR T4H 49 b il Fabebid "
35-8 1238.7 | 7233 | 1243.6 | 518.3 3385 14B.8 7410 3470 7
35-¢ 13400 | 7143 | 12459 | 5708 3.377 1483 2510 310 &
[ 3,383 T.570 1487 7.3 140 4B 45T 7 |
|
40 -A 12443 | 7272 | 1246.6 5104 2306 140,5 2180 21ED 7
40-8 1244.6 | 7270 | 12476 | 52006 2,301 1492 2260 3260 E
40-C 1pazg 7ozl yoae o | =1 2408 1502 2310 2310 E
Aunrnge 2995 » 850 1496 £ 13.9 £71 2350 77|
A5 M 2493 | 7358 12502 | Bi4a I ATy WEL2 2420 zazD B
N 12E0.E | 7280 | 12516 | 5835 | namw 1491 L 3 ¥
i L 3asip loasa | goean 12K 2417 10 FETTH [F)
Awerage 272 2,541 TS 1.7 139 BG.1 u |
5.0 M 12567 | 739.8 | 13576 | 5178 2437 1581 1190 2350 o
s M FusK. 7 | A0 | 12594 | s1BB 2087 150 2190 190 i
| L T
I AT 2,511 1514 4 13.8 75,4 ZI0 ¥
5.5 A 43838 | 742.6 | 13648 | 5317 3423 151.1 1310 EEET) 11
s5-B 4258 8 | Pdt.4 | 12584 | 518.0 3430 1506 2300 2300 i
£5-C Fdl s 1356 & =170 2438 1520 2240 ZXdn [1]
[ Avernge | | | [ | 242w 2.483 | M5L.8 25 | e B30 | | 220 [ w03

93

93
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Marshall Mix Design Method Prc , | s | opaene
Step F : Tabulating and
plotting test results :
x ) GRAPH C
F
= GRAPH D g = GRAPH |[EF
o g 60

:

. . . 100 16.0
Marshall Mix Design Method s .. .
g s - g 150
Step F : 5 % 1o
ep . € a0 R <
: S ey S 130
Tabulating and $ 20 s
. < o0 120
plottlng test 35 40 45 50 55 35 40 45 50 55
Asphalt Content, percent Asphalt Content, percent
results
100.0 153.0 2452
- hsi
= |+ = 1520 [ {2032
5 600 - % 1510 =
a0 { 2412
:: 40.0 g 150.0 (/
& /] {2392
> 200 € 1490 -
00 > 180 2372
35 40 45 50 55 35 40 45 50 55
Asphalt Content, percent Asphalt Content, percent
., 2800 12
2 2600 112 " £ 1 g
3 lnZgw ——© g
3 2400 — 23 o PR
Z 2200 S J105 = 8 85
5 JEE 7 3
o 2000 E : L9
1800 8
35 40 45 50 55 35 40 45 50 55
Asphalt Content, percent Asphalt Content, percent

96




F-2 : Plot %AC vs. Unit wt. (Density)

asphalt content, reaches a peak
and then decreases

() Peak density usually occurs at a

stability

Marshall Mix Design Method Procedures
Step F : Tabulating and plotting test results

U Density increases with increasing

higher asphalt content than peak

Unit weight, pcf

153.0 2452
i 2432
151.0 B i -
/«(' 2212 E
150.0 &b
2 s
1‘15;.() "ﬂ’ﬂ‘ = :!:35;:3
148.0 2372

35 40 45 50 55
ontent, percent

& 146
o

- 145
b e

o
3 144

=
= 143

% |42

141

y

5:0:5/56.06.5 RO. 75
% AC BY WGT. OF MIX

97

97

F-3 : Plot %AC vs. Corrected Marshall
stability

U Two trends may be provided

» Stability increases with increasing
asphalt content, reaches a peak,
then decreases

» Stability decreases with increasing
asphalt content and does not show
a peak

o,

«»  This curve is common for recycled
HMA mixtures

Marshall Mix Design Method Procedures
Step F : Tabulating and plotting test results

MARSHALL STABILITY-LBS.

3050
2950
2850
2750
2650
2550
2450

% AC BY WGT. OF MIX

'Y

MR

Stakility, pounds

2400

[

800
2600

-
o

2200

=
(=]

2000

1800

35 40 45 50 55
Asphalt Content, percent

[

Stability. kM

98

98
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Marshall Mix Design Method Procedures
Step F : Tabulating and plotting test results

F-4 : Plot %AC vs. Flow 12
. . = A1 11
U Flow should increase with = =
increasing asphalt content S 10 — 10 E
o g t/—"— £ 9 o~
g 8 = 8 ©
5o | 4 7 =
™ 0
6 6 w

35 40 45 50 55
Asphalt Content, percent

99

99

Marshall Mix Design Method Procedures
Step F : Tabulating and plotting test results

F-5 : Plot %AC vs. air void

o _ o 100
) Air void should decrease with -
increasing asphalt content g 80 -
3 60
wv
T 40 B
S <
o]
= 20 [
< o0
35 40 45 50 5.5
Asphalt Content, percent

100

100

36



Marshall Mix Design Method Procedures
Step F : Tabulating and plotting test results

F-6 : Plot %AC vs. VMA

16.0
Q Percent VMA should decrease |

with increasing asphalt content ,| 15.0
reaches a minimum, and then o

increases 2 140 et

S

= 13.0

12.0

35 40 45 50 55
Asphalt Content, percent

101

101

Marshall Mix Design Method Procedures
Step F : Tabulating and plotting test results

F-6 : Plot %AC vs. VFA

100.0
[ Percent VFA should £ G 1
. . . . =y x
increase with increasing @ /
asphalt content o 600
< 400
L
= 200
0.0
35 40 45 50 55
Asphalt Content, percent

102

102
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. . 10.0 16.0
Marshall Mix Design Method % .. g
5 g, s
Step F : g k\ £ o
. s T S
Tabulating and z = s B0
. 0.0 12,0
p/ottlng test 35 40 45 50 55 35 40 45 50 55
[ts Asphalt Content, percent Asphalt Content, percent
resu
100.0 153.0 2452
£ 800 T 1520 |
E 60.0 "// .‘:: 151.0 W e
o = // 4 2012
cf 40.0 2 150.0 4
S 200 £ 1400 // 12392
= 1480
e 35 40 45 50 55 35 40 45 50 55 .
Asphalt Content, percent Asphalt Content, percent
., 2800 12
o 112 c1 1 g
= TSR Em:
a ZS 9 9
Z 2200 - — '1°§§3 53
3 1,827 1%
2 2000 ; i
1800 8
35 40 45 50 55 35 40 45 50 55
Asphalt Content, percent Asphalt Content, percent 103 |
103
Marshall Mix Design
Step G : Determination of optimum asphalt
content
104
104

38



Marshall Mix Design Method Procedures
Step G : Determination of optimum asphalt content

Two methods are used to determine optimum asphalt content :

» Method 1: National Asphalt Pavement Association (NAPA) Procedure
» Method 2: Asphalt Institute Procedure

105

105

Marshall Mix Design

Step G : Determination of optimum asphalt
content

Step G-1 : NAPA method procedures

106

106
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. . . 100 16.0
Marshall Mix Design Method s .. .
E ) g 150
Step F ; i o0 uhci 140
. T 40 l‘*-‘.,‘ <
. ] [~ b=
Tabulating and T 20 S 8o
. < o0 120
plottlng test 35 40 45 50 55 35 40 45 50 55
It Asphalt Content, percent Asphalt Content, percent
100.0 153.0 2452
£ 800 T 1520
< = o [ 4 22
S 600 7 £ 1510 =
o} @ // {2412
< 400 ¢ 1500 1
S 00 E 1490 // 4 2392
00 > 180 2172
35 40 45 50 55 35 40 45 50 55
Asphalt Content, percent Asphalt Content, percent
., 2800 12
2 2600 12 g B 1 g
3 luyZgw 10 E
S 2400 =2, [ -~
% —— £0o o
Z 2200 S s x 8 8o
- JEE 7 3
o 2000 : =
1800 8
35 40 45 50 55 35 40 45 50 55
Asphalt Content, percent Asphalt Content, percent 107
107

Marshall Mix Design Method Procedures
Step G-1: NAPA method procedures

1 G-1-1: Determine the optimum asphalt content (0.B.C) which

corresponds to the specification air void content (4 %)

- 100
o
5 8.0
o 6.0
i
T 40
2
= 5
< o0

n

4

"~

\ 4

35 40 45 50 55
Asphalt Content, percent

0.B.C=4.75

108

108
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Marshall Mix Design Method Procedures
Step G-1: NAPA method procedures

U G-1-2: Determine Marshall stability which corresponds at selected O.B.C

2800
m =
2 2600 =
5 411 <
9 2400 L 2. >
: —— £
= s 4 =
2 22004— TH 10 3
o~ et
& 2000 49 »
+—
(%]
1800 i 8
35 40 45 50 55
Asphalt Content, percent

Stability = 2300 ib (10.5 KN) at O.B.C of 4.75%

109

109

Marshall Mix Design Method Procedures
Step G-1: NAPA method procedures

U G-1-3: Determine Marshall Flow which corresponds at selected O.B.C

12
€ 11 11 g
— 10 10 E
& 1 L
g 8 // 8 Cj-.
S 7 | 7 3
L Q
6 6 W

35 40 45 50 55

Asphalt Content, percent

Flow= 9 at 0.B.Cof 4.75%

110

110
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Marshall Mix Design Method Procedures
Step G-1: NAPA method procedures

U G-1-4: Determine VMA which corresponds at selected 0.B.C
16.0

15.0

14.0 1:‘.*.#*?—"

13.0

VMA, percent

12.0 ]
35 40 45 50 55

Asphalt Content, percent

% VMA =13.8at O.B.Cof4.75%

111

111

Marshall Mix Design Method Procedures
Step G-1: NAPA method procedures

U G-1-5: Determine VFA which corresponds at selected O.B.C

100.0
£ 80.0 .
=
L 60.0
Q
< 400
= I
= 200
0.0 l
35 40 45 50 55
Asphalt Content, percent

% VFA= 783t 0.B.Cof4.75%

112

112
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Marshall Mix Design Method Procedures

Step G-1 : NAPA method procedures
U G-1-6: Compare the obtained stability, flow, %VMA, VFA with against the specification

values

> If it pass the requirement then preceding O.B.C is satisfaction

> If any of these properties is outside the specifications range, the mixture should be redesigned

Light Traffic! Medium Traffic! Heavy Traffic
m Traffic classifications Marshall Method Criteria’ Surface & Base Surface & Base Surface & Base
» Light Traffic conditions Compaction, number of blows 15 50 75
resulting in a 20-year each end of specimen
Design ESAL < 10* Srabiling?, N 3536 - 338 - 006 -
» Medium Traffic conditions - (k) - {750) {1200) {1800}
resulting in a 20-year Flow#, 0,25 mm (0.01in.) & 18 ] i6 i 14
Design ESAL between 10* Percent Alr Voids? 3 5 3 3 3 r
and 10° —
1o, TSRV See Table 7.3
> Heavy Traffic conditions Mirieral Aggregate '..""m]'
Eesslj'gtl’)ni:qleLiZfO_gear Percent desrr::;dl With Asphalt 70 a0 - 7% a8 "
113
113
Marshall Mix Design Method Prc¢
W Minimum VAMA, percent
Step G-1: NAPA method procedures | Maxmum
Ciyetd Design Air Voids, Percent”
£ . 30 4.0 5.0
1.18 Ma. 16 2.5 335 235
238 MNa, & 190 2000 210
4.75 Mo, 4 16.0 17.0 18.0
9.5 % 14.0 15.0 16.0
125 ¥ 110 14.0 15.0
19.0 b 12.0 130 14.0
25.0 1.0 11.0 120 13.0
175 1.5 100 11.0 120
5 2.0 9.5 105 11.5
63 25 L0 100 11.0
114

114
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Marshall Mix Design Method Procedures
Step G-1: NAPA method procedures

Light tra fic. 0.B.C =4.75%,

NMAS =19.0 mm

. Light Traffc
g Minimum VMA, percent Marshall Method Criteria’ Surface & Base
’;:," Design Air Voids, Percent’ Min | Max

i o = L s Compactian, number of blews 1

118 No.tg | 215 | 235 | 235 each end of specimen

26 . sup) 9o W0 o0 Stabiliey®, N 3136

475 N:_,. 4 16.0 17.0 180 .{H:l.] :?51:'}

95 % wo | 150 | 180 ey R = .
128 ¥ 130 14.0 150 Flow%, 0.25 mm jo-dtin.} !
19.0 u 120 | 130 | 140 Percent Air Voids" 3 5
25.0 1.0 1o | 20 | W30 Percent Vaids in
375 15 e | 1o | 120 Mineral Aggregate [VMAJ
5 2o | 95 ] 105 | W5 N | Percent Voids Flled With Asphak 0 a
a3 25 9.0 0.0 1.0 M&J

Stability = 2300 ib Flow =9

% VMA =13.8

% VFA=T78

e 115
Marshall Mix Design
Step G : Determination of optimum asphalt
content
Step G-2 : Asphalt Institute Procedure
e 117
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Marshall Mix Design Method Procedures
Step G-2 : Asphalt Institute Procedure

- G-2-1: Asphalt content at maximum stability

,, 2800
2 2600 2
2 11
[e] L] = .
e 2400 — 2z
E~ 27200 ; --h'""i [} 4 10 ‘E
ey =
| 2000 49w
a
1800 A 4 8
35 40 45 50 55
Asphalt Content, percent

B.C. @ Max. Stability=3.5%

118

118

Marshall Mix Design Method Procedures
Step G-2 : Asphalt Institute Procedure

1 G-2:2: Asphalt content at maximum density

153.0 2452
e
S 1520 -
£ 1510 -""
C, / { 2412
2 1500 .
£ 1490 // 14392
: L

148.0 Y 2372

35 40 45 50 55
Asphalt Content, percent

B.C. @ Max. density =5.5%

119

119
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Marshall Mix Design Method Procedures
Step G-2 : Asphalt Institute Procedure

~G-2:3: Asphalt content at mid point of specified air void range(Typically 4 %

o 100
3
S 80
2 6.0 P
&
T 40
o
= 20 —
< o0
35 40 45 50 55
Asphalt Content, percent

B.C. @ Design air void content=4.75%

120

120

Marshall Mix Design Method Procedures
Step G-2 : Asphalt Institute Procedure

) G-2-4: Average the three asphalt contents selected in steps (Step G-2-Ato C)
»Step G-2-1....B.C. =3.5%
»Step G-2-1....B.C. =5.5%
»Step G-2-1.... B.C. =4.75%
» Average Binder content .... (3.5%+5.5%+ 4.75% )/ 3 = 4.60%
»Avg.B.C=4.60%

121

121
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Marshall Mix Design

Jordanian Specifications for secondary and
village roads construction

129

129
Ministry of Public Works and Housing ]
Specifications for secondary and village roads construction e
: (Marshall Trial Mix.) iaeaill idladl jafias —a
s Al el o dapenadl Alalall atlad (650
(+2S) A2 Aa 3 =)
REVP Stabilility AASHTO T245
130
130
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Ministry of Public Works and Housing

Specifications for secondary and village roads construction

#

e

)
Flow Test 1245
el ladsl 8 48 gl 22 A L -T
_ﬂg.AAh;ﬁhjﬁk;}hg'AL —4
G sha e il Sliall D2
LN Aa s aa L JaaldeluY f30al a1
R N
(Loss Of Stability)ais 7 saal

Ay VIMA Aizadd 221l L =2

¥y Lt R 515

B oy il ity
Lty Lt

. (MS-E} \;S:')-ﬂ‘a“\ cldiut| agna ;-’“JI'L

es

131

131

TABLE (6)

ASPHALT PAVEMENT , (BI

- TYPE OF MATERIAL
i- TYPE OF BITUMEN

:= STABILITY (KG)
i~ FLOW (1/100)"
:- STIFFNESS

= L. OF STABILITY
= V.M.A (%)

:= ASPHALT CONTENT
: (TOTAL MIX.)
‘AIR VOID (%)

i= STRIPPING *

i =STATIC TEST

¢ -DYNAMIC TEST SCAND:
1~ COMPACTION 3
i~ THICKNESS (CM)

:AS DESIGNED

:95 MIN. COATING

NDER AND WEARING)

3-5

60 MIN. COATING
98% -
5 OR AS SPECIFIED:

:ON THE DRAWINGS

TECHNICAL SPECIFICATION FOR SECONDARY & VILLAGE ROADS

HOT MIX. LAYER
WEARING BINDER

:LIME STONE/OR :LIME STONE/OR
:GRANITE :GRANITE
:A.C 60/70 :A.C 60/70
: 80/100 80/100

750 MIN. 760 MIN.

8 - 16 8 - 16

25 MAX. 25 MAX.

13 MIN. 12 MIN.

:AS DESIGNED

3-5

:95 MIN. COATING
:60 MIN. COATING

97%
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Jordanian National Building council
Specifications for highway and bridge construction

Teble 4.15: JOB MIX REQURIEMENTS TO BITUMINOUS
BINGER AND WEARING COURSES

Froperty Feavy Traffic Medlun-Light
Trafflc

Binder Wearing Binder Year Ing

Marshall

Stabllity

st 609%C (kg) g0 1000 =9806N 500 200

Flow {roms) 2 -13.5 2 - 3.5 2 -4 2 -4

Volds in Mineral

Aggregate (WWA) 13 (-1) 14 (-1} 13 (-1) 14 (-1)

Alr Voids (%) q - 7 4 - 8 3 -8 d -5

Stiffness (Kg/mm) 500 (Min) 500 (Mia) 400 {Min) 400 (Min)

* loss of -
stability (%) 25 {max) 25 (mex) 25 f{rmax) 25 (max)
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Loss of Stability Test (AASHTO T 165-86)
Effect of Water on Cohesion of Compacted Bituminous Mixtures

1. Scope

1.1 This tesi method covers measurement of the loss of
compressive strength resulting from the action of water on
compacted bituminous mixtures containing asphalt cement.
A numerical index of reduced compressive strength is
obtained by comparing the compressive strength of freshly
molded and cured specimens with the compressive strength
of duplicate specimens that have been immersed in water
under prescribed conditions.
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Loss of Stability Test (AASHTO T 165-86)

Effect of Water on Cohesion of Compacted Bituminous Mixtures

mixtures,

3. Sigaificance and Use

3.1 This test method is uscful as an indicator of the
susceptibility to moisture of compacted bitumen-aggregate

where:

2).

Index of retained strength, & = (5,/5,) % 100

&) = compressive strength of dry specimens (Group 1), and
&3 = compressive strength of immersed specimens (Group
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Jordanian National Building council

136

Stiffness -
Marshall Stability Curve
2000 1 Max. = 1875 Ibs.
s 1800 :
E 1600 | 755 of Max = 1406 1bs. 5 i
8 1400 fmmmmmmemmm———aaas i
) stability ‘.': 1200 i
Marshall Stif fness = fT £ 1000 | I Initial Flow =4
w &8 200 1 Final Flow = 18
& 600 - 25%= 469 Ibs. i Recorded Flow = 14
[CH | I 25% i
F 400 !
S 2001 H
) 850 kg 0 =0, i
Marshall Stif fness = 4.5 mm 0 2_,."'4 6 8 10 12 14 16 18 20 22 24
=188 kg/mm Marshall Flow - 0.01 in.
| Stability = 1875 ibs =8340 N = 850. Kg |
| flow = 18 0.01in = 18 0.25mm =4.5 mm |
136
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Marshall Mix Design

Guidelines for Adjustments

157

157

Marshall Mix Design Method Procedures
Guidelines for Adjustments

O When mix design for optimum asphalt content does not satisfy all the
requirements

» it is necessary to adjust the original blend of aggregates.
O Trial mixes can be adjusted using the following general guidelines

»Low Voids & Low Stability

»Low Voids & Satisfactory Stability
> High Voids & Satisfactory Stability
» Satisfactory Voids & Low Stability

> High Voids & Low Stability
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Guidelines for Adjustments
Low Voids & Low Stability

d VMA can be increase

»Adding more coarse aggregates

» Reducing asphalt content

®,

< Only if the asphalt is more than what is normally used, and if the excess is not required as
replacement for the amount absorbed).

«+ Reducing asphalt should be done in care since this might reduce durability and increase
permeability.

159
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Guidelines for Adjustments
Low Voids & Satisfactory Stability

1 This mix can lead to

» Reorientation of the particles

»Additional compaction due to traffic can lead to bleeding of asphalt.

O This cam be solved by

»Adding more aggregates

161
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Guidelines for Adjustments
High Voids & Satisfactory Stability

O High voids lead to

»Increase permeability.

O This can be solved by

» increasing the amount of mineral filler in the mix.

»Air and water can circulate through the pavement causing hardening of the asphalt.
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Guidelines for Adjustments
Satisfactory Voids & Low Stability

U This condition suggest low quality aggregates

» The aggregate quality should be improved.
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Guidelines for Adjustments
High Voids & Low Stability

O Adjust the voids (increase mineral filler).

»  If stability is not improved

< Consider improvement of the aggregate quality.
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Marshall Design Method

U Advantages

> Attention on voids (volumetric), strength, durability

> Inexpensive equipment

> Easy to use in process control/acceptance

U Disadvantages

»Impact method of compaction

> Does not directly consider shear strength
»Load perpendicular to compaction axis

» Developed for dense grad, < 1” max size

» Viscosity or pen graded AC
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New Advances in Asphalt Mix design

Asphalt mix design methods Methods objective : To design an economical blend that would provide
adequate level of field performance during pavement surface life

| Balanced Mix Design Method (BMD) |

1943

|
* Bruce Marshall |
|

Rutting Cracking

(8]

What is next ?
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