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Soll Characteristics

« Surface texture
— Can be described in terms of 1ts appearance, which depends on the shapes and
s1zes of the soi1l particles and thewr distribution in the soi1l mass
— 5So1ls can be fine-textured or coarse-textured
— The distnibution of particle size in soils can be determuned by
— Sieve analvsis (up to 0.075 mm or sieve #200)
— Hvdrometer test (for smaller size particles)

» (General soi1l characteristics

— Moisture Content
— Density
— Total (bulk) density
— Drv density
— Atterberg Limuts:
— Shrinkage Limit: Volume shrinks with dryving
— Plastic Limit: Point where soil crumbles
— Liguid Limit: Minimum moisture for flow
— Plasticity index =PI =LL - PL
— Permeability
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Soll Characteristics

* Soil classification 1s a method by which soils are systematically categorized
according to their probable engineering characteristics

AASHTO Classification (Table 17.1)
» Soils are classified into 7 groups (A-1 to A-7) with several subgroups
+ Soils A-1, A-2 & A-3 are granular matenials and range from good to fair
(respectively)
« Soils A-4 A-5 A-6 & A-T are fine materials and range from fair to poor
(respectively)
* Classification is based on particle size distribution, LL. and PI

* An empnical factor (Group Index. GI) 1s added to evaluate the soils within a group
0-40 0-20 0-40  0-20
—r— r_"l"_“u e r A ]
GI=(F-33)[0.2+ 0005 (LL40)] + 0.01 (F—13)PI-10)
— I = percentage passing #200
* (I 15 rounded to the nearest integer and recorded in parentheses after the so1l group
designation
_ eg: A4 (4), A6 (10)
* The lower the (I the better the soi1l (within a group)
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Soll Characteristics

Table 17.1 AASHTO Classification of Sails and Soil Aggregate Mixtures

Sili-Clay Materials { More than 35% Passing
Ceeneral Clazssification Crranular Materials (35% or Lesy Passing No. 2080) N, 200}

A-l A-2 A-7

Caroup A-7-5,
Classification A-T-a A-1-b A-3 A-2-4 A-2-5 A-2-6 A-2-7 A-4 A-: A6 A-76

]

Sieve analysks
Percent passing
No 10 —50 max. — — — — — — — — —
No 40 Jimax. Shimax 5] min — — — — —
No. 200 I5max. 2Smax 10max. 35max 35max. 3Smax 35max. 36min. 36min. 36 min 3h min.
Characteristics of
fraction passing
Mo 40
Liquid lirmit — — 0max. 4lmin. 4max 4Imn 40max. 4 min 4 max 41 min.
Plasticaty index i MAax. NP [Omax. 10max. 1lmn 1Imn 10max. 10max. 11 min 11 min.*
Usual types of Stone frapments,  Fine sand Silty or clayey pravel and sand Silty soils Clavey soils
significant con- gravel and sand
stituent materials
General rating as Excellent to good Fair to posr
subprade

*Musticity index of A-7-5 subgroup = LL — 3. Plastidity index of A-7-6 subgrowp = LL — 3.
SOURCE: Adapied from Sarederd Specificanons for Traesportiation Moerisls and Methody of Sampling aed Tenting, 2T1th ed , Washingion, D.C., The American Association af
Siate Highway and Trmnsporiation Officiak, copynight 2007, Used with permission.

CEE 4612 - L. H. Kamisa




Soll Characteristics

Unified Soil Classification System (USCS)
% Developed originally for airfield construction and can be applied to other types of
construction such as dams and foundations

% Coarse-grained soils are classified based on grain size characteristics

% Fingfgrained soils are classified based on plasticity
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Soll Characteristics

USCS Definition of Particle Sizes

5ol Fraction or
Componedi Symbaol Size Range

1. Coarse-grained soils

Gravel G 75 mm o Mo. 4 sieve (4.75 mmi)
Coarse 75 mm i 19 mm
Fine 1% mm o No. 4 sieve (4.75 mmi)
S 5 No. 4 (475 mm) to Mo, 206 (00075 mm )
Coarse Moo 4 (475 mm) to Mo, 10 (2.0 mm)
Medmm No 10 (2.0 mm) to Mo, 40 (0,425 mm)
Fine Mo 40 {0425 mm) o MNo, 2080 (00075 mm)
2. Fing-prained soils
Fine Less than Mo, 2080 sieve (0075 mm)
Silt M (Mo specific grain sive —use Allerberg limits)
Clay C (Mo specific grain sive —use Allerberg limats)
3. Orrpanic soils O (Mo specific grain sixe )
4. Peat Pt (Mo specific grain sixe )
Ceradation Symbols Figuid Limd Symbois
Well graded, W High LL, H
Poorly graded, P Low LL. L

SOURCE: Adapted from The Ualfied Sou Cleonificanon Sysiem, Annual Bock of ASTM Standards, Vol 408,
Amerncn Socety for Testing and Malerals, West Conshohocken, PA, HNIZ.
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Unified Soil Classification System
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Soll Characteristics

Example: Sieve No. % Passing
Determine the classification of this soil using 4 o7
AASHTO method: 10 93
LL =48% PL = 26% 40 88
100 78
* % passing #200 = 70% > 35% = fine-grainec 200 70
+ LL=48%
PI=48-26=22%
Using Table 17.1 — Soil 1s A-7-5 or A-7-6
* SinceLL-30=18<PI
Soil 1s A-7-6
r ;.5‘ .—L ; 40 lf

o )
+  GI=(70-35)[0.2+0.005(48-40)]+0.01(70-15)(22-10) = 13.2

»  Therefore, soil is A-7-6 (13)
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Soll Tests iIn Pavement Design

* California Bearing Ratio
(CBR):
— ASTM D1883 and
AASHTO T193

— Measures the soil strength
relative to a standard crushed
rock

— Reference is the pressure
required to produce a 0.1"
piston penetration in the test
specimen
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Soll Tests iIn Pavement Design

* Resilient Modulus (M,):
— AASHTO T-294/T-307
— M. is an elastic modulus

— Main assumption: for a small
load (relative to the material
strength). repeated for a

. large number of times. the
strain 1s elastic

Source: hitp://’www fhwa.dot.gov
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Soll Tests iIn Pavement Design

* Modulus of Subgrade
Reaction (K):

— A measure of the soil
stiffness expressed in terms
of the pressure required to
produce a unit settlement
(Ib/ft or kKN/m?)

— Determined in the field using
a plate loading test

Pressure
A
P
¥
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Bituminous Materials

Consist primarily of bitumen and have strong adhesive properties

Can be found 1n natural deposits or produced during the distillation
of crude petroleum

Range in colour from dark brown to black

Have several uses in civil engineering. including acting as a binder in
manufacturing asphalt cement concrete

Pitch Lake (La Brea. Trinidad) Sedimentary Asphalt Rock
http-/Swww.richard- hitp//geclogy.about.com/od/racks/ig/
seaman.com/Travel/Trinidad AndTobago/Trinidad/PitchLake Sedrockindex/rocpicasphalt htm
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Bituminous Materials

Refinery Operation

fﬂh _,.-'""A\x‘“-\q_\
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HEATER AND
GAS COOLERS CEMENTS
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PETROLEUM BLOWN FOR PROCESSING INTO
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SAND AND WATER AR e— — CUTBACK ASPHALTS
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Bituminous Materials

« Commonly used binders are:

— Asphalt cement:
— Semisolid hyvdrocarbons obtained after the separation of lubricating oils
— Verv viscons
— Must be heated when used as an aggregate binder
— Used to be designated using penetration (or viscosity) grades
— New trend is to designate AC using performance grades
— Used mainly in hot-mix asphalt concrete as well as surface treatments
— Cutback asphalts:
— Asphalt cement blended with another petrolenm distillate
— Depending on the distillate tvpe, it can be:
» Slow curing (SC)
» Medium curing (MC)
» Rapid curing (RC)
— Used in cold-mix asphalt concrete and surface treatments
— Emulsified asphalts:
— Asphalt cement mixed in water and Kept broken into minute particles using
an emulsifier
— Depending on the tvpe of the emulsifier, it can be:
» Slow setting (5S)
» Medium setting (MS)
» Rapid setting (RS)
— Used in cold-mix asphalt concrete and surface treatments
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Purchasing of Asphalt Cements

* Need to be able to specify desirable characteristics

* “Desirable characteristics™ have evolved over time
and with mcreasig technological advances

» Purchasing requires specifications
 Early specifications:
— Lake Asphalts

— Appearance

— Solubility in carbon disulfide
— Petroleum asphalts (early 1900°s)
— Consistency
» Chewing
» Penetration machine
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Bituminous Materials

Penetration Grading

* Measure of binder
consistency

— Sewing machine needle

— Specified load. time.
temperature

— ASTM D5-06

i
Penetration i 0.1 mum
100 g 1
E"',_ T o i
[
25°C 25°C L s -
Figure 18.4 Standard Penetration Test and Equipmeng
SOMURACE: CONTHOLS 5R.L. Usad with permiscen
L Garber & Hoel (2013)
Initial After 5 seconds
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Bituminous Materials

Penetration specification (ASTM D946/946M):

» Five Grades
— 40-50
— 60-70
— 85-100
— 120-150
— 200 - 300
Advantages:
» Grades asphalt near average in-service temperature
» Fast
Can be used 1n field labs

» Low capital costs

« Precision well established

» Temperature susceptibility can be determined

Disadvantages:
» Empirical test

« Shear rate

— High
— Wariable

» Muxing and compaction temperature information not available
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Bituminous Materials

Penetration Grades (ASTM D946/946M-09a)
mﬂﬂ_ﬂ]ﬁ Designation: DS4&/DSIEM - 09a

Standard Specification for
Penetration-Graded Asphalt Cement for Use in Pavement
Construction’
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Bituminous Materials

TABLE 1 Requirements for Asphalt Cement for Use in Pavement Construction

Fonotraton Gride

40-50 G0=T0 85-100 120-150 200300
Mn hlax Min Max Lim hax Lt hax Mn Max
Penatration at 25°C [TT°F). 100 9. 5 5 40 50 60 70 a5 100 120 150 200 300
Flash point, °C [*F] {Cleveland open cup) 230 [450] - 230 [450] 230 [450] .  220[428] .. 175 [350]
Ductility at 25°C [77°FL 5 cmimin, cm 100 100 100 - 100 1004
Solubility in trichiorostylens, 0 2.0 a0 . .0 580
Ratairssd panatfation alor thin-hifn oven tesl, ™% 55+ S a7 = 42 = L
Ductility at 25°C [77°FL 5 cmimin, ¢m afer thin-flm . 50 - 75 . 100 1004
crven tost lest
“if ductility at 25°C [77°F] ks less than 100 cm, material will be accepled if ductility al 15°C [60°F] is 100 cm minimum at the pull rate of 5 cmmin.
TABLE 2 Requirements for Penetration Graded Asphalt Cement
Fonatraton Grads
40-50 G0=T0 85-100 120-150 200300
M M Ltm hlax Min Max Min Max Wari hax
Panatration al 25°C [TTFL 100 g. 5 5 4 &0 0 FiLE B5 100 120 150 200 300
Soflening Point. °C ['F) 49 [120] 46 [115] 42 [108) 38 [100] 32 [90]
Flash point, °C ['F]. (Cleveland open cup) 230 [450] B 230 [450) 230 [450) . 220 [425] 175 [350]
Ductility at 25°C [77°F). 5 cm/min, cm 100 . 100 100 100 1004
Solubility in trichlorosthylene, % 99.0 9.0 99.0 93.0 93.0
Rotaingd penotration afer than-hilm oven tesl, % 55 . 52 « . 47 42 4 a7 »
Ductility at 25°C [77°F). 5 cmimin, cm affer thin-film . - 50 - 75 . 100 1004

crvan lest fesd

i ductility at 25°C [77'F)] s kess than 100 cm, matersal will be accepled il ductility af 15°C [B0'F] = 100 cm minimium at e pull rate of 5 cmimn,
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Bituminous Materials
Additional Tests

* Flash point test
* Ductility
 Solubility

« Thin film oven aging

— Penetration
— Ductility
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Bifuminous Materials
Flash Point (Safety)

Cup filled with
asphalt

Wand attached to
gas line
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Bituminous Materials
Ductility

Centimeler Scale

p— P

Asphall Sample
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Bituminous Materials
Solubility (Purity)
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Bituminous Materials
Other AC Consmtency Tests

* Float test

* Ring-and-ball softening
point

L 1:15‘:{:}5511—}] (n) Sien of pest i) Esd of gl
figure 18.5 Float Test
— Fundamental property

— Ratio between the applied
shear stress and the rate of
shear strain

nnnnnnnnnnnnnnnnn
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i3
B
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3
|

L=
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Timing

Bituminous Materials

Viscosity

I\

Source: Hoskin Scientific
catalog at http://www hoskin.ca/
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Bituminous Materials

Viscosity Graded Specifications

* Absolute viscosity
— U-shaped tube with timing marks & filled with asphalt
— Placed in 60°C bath
— Vacuum used to pull asphalt through tube
— Time to pass marks
— Viscosity in Pa.s (Poise)
« Kinematic viscosity

— Cross arm tube with timing marks & filled with asphalt
— Placed in 135°C bath
— Once started gravity moves asphalt through tube
— Time to pass marks
— Viscosity in mm?®/s (centistoke)
* Graded into 6 groups: see ASTM D3381
— AC25 ACS5 AC10,AC 20, AC30,AC 40

* Useful in determining mixing and compaction temperatures
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Bituminous Materials
Mixing/Compaction Temps

Viscosity. Pa s
10
3
1
5 ﬁ\r
3 [| Compaction Range \ |
= | N
= [| Mixing Range ~—
o
1
100 110 120 130 140 150 160 170 180 190 200
Temperature, C
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Superpave Asphalt Binder Grading

* Product of the Strategic Highway Research Program
(SHRP)

 Short for superior performing asphalt pavements

* Grading system 1s based on climate
« Example: PG 64-34

— PG = Pertormance Grade
— 64 = average 7-day maximum pavement temperature

— —34 = minimum pavement temperature
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Superpave Asphalt Binder Grading

Tests for Binder Evaluatlon
* Rotational Viscosity (RV):

— To measure binder properties
at high temperatures

— To evaluate the ability to
handle and pump the binder
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Superpave Asphalt Binder Grading

* Dynamic Shear Rheometer
(DSR):

— To measure binder properties
at high and intermediate
temperatures

— To evaluate the binder
resistance to permanent
deformations (rutting) and
fatigue cracking

Rutting l-'atlgl.xe

cracking
] — — :3
g = @.-;;.. =
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Superpave Asphalt Binder Grading

Low Temperature Cracking +

* Bending Beam Rheometer
(BBR) & Direct Tension
Tester (DTT):

— To measure binder properties
at low temperarures

— To evaluate the binder
resistance to thermal (low
temperature) cracking

BBR
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Superpave Asphalt Binder Grading

. Bi11d¢1: 1s tested in three
conditions:

— Fresh
— After processing in Rolling
Thin Film Oven (RTFO):

— To simulate its
characteristics after
mixing with aggregate in
plant

— After processing in Pressure
Aging Vessel (PAV):

— To simulate its
characteristics after it has
been in service for a
period of time
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Superpave Asphalt Binder Grading

« All test specifications remain constant but testing
temperature changes depending on the binder PG

— See ASTM D6573
Construction Rutting Fatigue Low Temp
Cracking Cracking
o [=—{0=> [DTT]
[RV] [DSR] ‘U’
S = [BBR]

RTFO

* L

Short Term Aging

+—— No aging ——

* . PAV g
Long Term Aging
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Superpave Asphalt Binder Grading

Performance Graded AC (ASTM D6373-07)

Desigmation: DE3FE - 07!

P P

Sandard Specification for
Performance Graded Asphalt Binder'
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sphalt Bin

TABLE 1 Performance Graded Asphalt Binder Specification

cr

radl

Parfoirmancd Grads

PG 58

616 —22 -2 -3 0] -

=10 =16 <22 -8 -Jd— 40

[ 1016 22 —28 -

Aorarage T-day maximuem
Pavamant Dasign
Ternparaturg, “C

<58

ol

«B2

Minirnausm Pavernant Dosign
Temparature,* C*

:-—1-::-—1&:--22:--n:--a-i|
= =il = =db

=16 » =22 » -Z8
= =3 > =40

» =10 2 =16 » 22 = =28
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* =28 = =

Flash Poinl Temg,, D2,
min °C

Diraginsl B

30

, DA40ZF
max. 3 Pa.s,
Tosd Tomp,, °C

135

Shear, DT 175>
G°sing, min. 1.00 kPa
25 mm Pilate, 1 mm Gap
Tosd Temp. at 10 rad's, “C

TG

mutmmpum

Ficlling Thin Film Gven [ Test Method D2672)
1.00

Dynamic Shear, D7 175
G/ging, min, 2.20 kPa
25 mm Plata, 1 mm Gap

__Toat Tasmp. at 10 rads *C

]

64

76

PaV Aging Temparature, “C°

90

P % Aging Vessel Residug (Practic D6521)
100

100

100

100

100

Dhymawnic Shaar, DT 1T5:
G gine, max 5000 kPa
B mm Plate, 2 mim Gap
Tost Tamp, at 10 rad's, “C

/T WIEIIIWT

5 22 19 16 13

3 38226

o3RRI

MMM

40 37 34 31 8

=24 =30 =35
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1,20 - £2£90 Sy

Failurs Strain, min. 1.0 %

Toes? Tasmp. al 1.0 mmimin.,
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"PmtImwulu-mm1m“Mﬂﬁnmmabﬂ#mmﬂhﬂnhlﬁ?ﬂﬂﬂhﬁimmmmnmﬂhhm

Tha releses mathod shall be D4402 using a #21 spindle Bl 20RPM. howewer alamals mathods may ba uSed Tof routing besting and quality SSsUFANCS. lnmrummummmm 21 Spindla, tha MNo
27 spindia shall ba used. The spindia size and shaar rate shall ba reporied. This requirement may be walead af the discration of tha spacitying agency if tha supplor warrants thal the asphalt binder can ba adequabaly
purged and mixed al lempemtues thal mest all apphcable salely standands,

“For quality control of unmodified asphalt comant

, maasuremant ol the viscosity of the orginal asphalt coment may be substituted lor
Baphall B & Newtonian Nuld. Ay sultably Slandand means of ViSoosily Moasuremant My De used, Rcuding capillary viscometry (Tes! Maethods D2 170 of D2171) of rolational viscomsalry.

shaar moasurements of G/sina at tast lemparatures whane thae

“The PAV aging tempeniure is based on simulated climaitic conditions and is one of theee lempenatues 50°C, 100°C or 110°C. Normally the PAY aging lenparature is 100°C for PG 58-xx and above. However, in deser
climates, the PRV aging tempoemture Tor PG T0-xx and above may be spocified as 110°C
Fif the croep stifiness i Balow 300 MPa, tha dinsct lension besl is not rquined. i the croep $lifiness i Babwesn 300 and 600 MPa the direct hsnaion tailure sirain requirsmant can B used in Beu of the ohbep Sifness
requinemant, Tha m-valug requisgment maust be salsfad in bolh cases. I the creep sliiness and m-value dala ane Unoblainable bacauss tha bendar is 100 500 81 ha Tasl temparature. the asphaltt bandar will be deamad
1o pass af thal grade lemperature f it meets the creep stiffiness and m-vakm requirements al the test lemperature minus 6°C.

ng
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PG Binder Selection

Closest standard temp

Very hot summer /
Average summer — = 56 /

60 64
Closest standard temp [\
Very cold winter pvt > air
/ /7 Average winter

—34 31 -23

pvt = awr
PG 64-34

A

- T o e mm mm mm mm mm mem
-y

I; ] |

s
—
Iz
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PG Binder Selection

* PG selection depends also on loading rate
— Specified DSR loading rate 1s 10 rad/sec

— For slower loading rates. use binder with more stiffness at higher
temperature
— Slow: increase one high temp grade
— Stationary: increase two high temp grades
— No effect on low temp grade

* Example:

— For toll road: PG 64-22 (90 kimv/h)
— For toll booth: PG 70-22 (slow)
— For weigh stations: PG 76-22 (stopping)

* Consider effect of tratfic amount on binder selection

— 10-30x10° ESAL: consider increasing one high temperature grade
— =30x10° ESAL: recommend increasing one high temperature grade
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Asphalt Concrete

% A uniformly mixed combination of bituminous material, coarse aggregate, fine aggregate,
and mineral filler (dust)
% Different types of asphalt concrete:
1. Hot-mix, hot-laid
— Used normally for high-type pavement construction
Aggregate gradation can be dense graded, open-graded, coarse graded, or fine-graded
— Resistance to load 1s produced by the interlock friction between the aggregate

particles
— To increase the mix resistance to loading, angular and rough textured aggregates are
usually used
— Therefore, coarse aggregate used in the mix is usually crushed stones
2. Cold-mix, cold-laid
3.  Recycled
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Asphalt Concrete

Eftective ——
Aspha”t
Bander
Water Permeable
Voids Not Filled With Asphalt
/ (Part of Aggregate Volume
Agorogate S for Effective S.G.)

N

Water Permeable Voids
. (Part of Aggregate
Volume of Effective S.G..
not for Apparent S.G.)

Permeadle
Voids (L.e.,
Absorbed Asphalt)
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Asphalt Concrete Mix Design

* Objective: to develop an economical blend of aggregates and
asphalt that meet design requirements

« Historical mix design methods
— Marshall
— Hveem

* New
— Superpave gyratory

* Requirements:

— Sufficient asphalt to ensure a durable pavement
— Sufficient stability under traffic loads
— Sufficient air voids
— Upper limit to prevent excessive environmental damage
— Lower limit to allow room for initial densification due to traffic
— Sufficient workability
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Marshall Mix Design

* Developed by Bruce Marshall for the Mississippi
Highway Department 1n the late 30’s

* Testing procedure:
— Aggregates and asphalt cement are selected

— Mixing and compaction temperatures and compaction effort

are established

— Mixing temperature produces an asphalt kinematic viscosity
of 170£20 centistokes

— Compacting temperature produces an asphalt Kinematic
viscosity of 280130 centistokes

— Trial blends are developed :
— At least 5 blends at 0.5% increment of AC content)
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Marshall Mix Design

— Asphalt concrete cores (100 mm diameter)
are prepared

— Recommended 5 cores at each AC
content)

— Depending on the traffic category, the
compactive effort used is 35, 50, or 75
blows/face of a 4.5-kg (10-1b) hammer
falling a distance of 18 inch

— Specimens are cooled. and bulk specific
gravity of the compacted mix (G,;) 15
determined

— Sample is weighed in air (#) and
water (W)

— May be necessary to coat open-graded
mixes with paraffin before Y
determining density

WI!!-
Cmb = W,—W,
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Marshall Mix Design

— Maximum specific gravity of
the mix corresponding to no
voids (G,,,,) 1s determined
for each asphalt cement
content according to the
ASTM D2041 test

— Specimens are inunersed in a
water bath at temperature of
60+1°C for 30-40 minutes,
then tested for stability and
flow

— Stability is defined as
the maximum load
resistance in pounds (or
Newtons) that the
specimen will achieve at
60°C (140°F) under
specified conditions

— Flow is the total
movement of the

specimen in units of 0.25
mm (0.01 inch)

Marchall Stability Equipment

SHIRCE: CONTROLS S H.L Uscld with permision.

Garber & Hoel {2013)
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Marshall Mix Design

- Results are analyzed to determine:

— Average unit weight for each asphalt content ( = G,; ™ 7,)
— Percent air voids in the mineral aggregate (P,)
— @

Volume of air voids (r

P, = — 100 mim mb
Total volume Gmm
— Percent voids in mineral aggregate (VMA)
Volume of air voids + nonabsorbed asphalt Gmp Ps
VMA = = 100 —
Total volume Gzp

» P_= percent aggregate by total weight of mix
w (. = bulk specific gravity of the ageregates

— Percent voids filled with asphalt (VFA)
Volume of nonabsorbed asphalt _ 100(VMA — B;)

Volume of air voids + nonabsorbed asphalt N VMA

— An initial optimum AC content is determined as the average of the values
corresponding to maximum density, maximum stability, and average
value of percent air voids specifications

— All specifications are checked

VFA =

— If anv of the specifications is not met, adjust the AC content and check
again
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Marshall Mix Design
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Marshall Mix Design

(a) Maximum and Minimum Values

Light Traffic Mediwm Traffic Heavy Traffic
Marshall Method Mix ESAL < 10 10 < ESAL < |0 ESAL > 10°
Criterta (see Chapter 19) (see Chapter 19) (see Chapter 19)
Compaction (no, of blows 35 S0 75

cach end of specimen)

Stability N (Ib) 3336 (750) S338 (1200) 8006 (1800)
Flow, 0.25 mm (0.1 in.) Stol8 Stol6 Sto14
Air Vouds (%) Jws JwSs Jtws

(b) Mineral Percent Voids in Mineral Aggregates

Standard Sieve

Designation Percent
No. 16 23.5
No. 4 21
No. 8 I8
%san, 16
Yo, 15
Zn, 14
lin, 13
1%, 12
2in, 11.5
2%, 11

SOURCE: Federal Highway Administration, US. Department of Transportation

CEE 4612 - L. H. Kamisa



Marshall Mix Design

» Additional computations are done as follows:

— The bulk specific gravity of the aggregates (G) (including all voids within
the aggregates) is determined using specific gravities and percentages of
coarse aggregates, fine aggregates, and mineral filler

Pﬂ'ﬂ +Pfﬁ+me

A
zh P N Pfr; . me

T
Goea  Gufa  Ghmf
— The aggregate’s effective specific gravity (G,,) (including voids in the
aggregates that are impermeable to asphalt) 1s calculated:

G 100 — Py,
- {1{]'“4";6"““} - {be{;h}
— P, = asphalt percent by total weight of mix
— G = specific gravity of asphalt
— G, = maximum specific gravity of mix that corresponds to no voids (ASTM
qu-u}
— Asphalt absorption 1s the percent by weight of the asphalt that 1s absorbed
by the aggregates based on the total weight of the aggregates (Py, =
W,/ W,..) is determined

age
P, = 100 Gse — Gob
B Gs.h Ere

— The effective asphalt cement content (Pp,). the difference between the total
amount of aaphal‘r in the nux and that absorbed into the aggregate particles.

Gy

1s then calculated
P.Elr;

Py. =P, —P

h h 100 g
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Marshall Mix Design

Example:

An asphalt concrete nux was found to have a bulk specific gravity of 2.40. The asphalt
cement content 15 6.5% (by weight of the total mix), ﬂle bulk specific gravity of
Egregatea and asphalt cement 1s 2.67 and 1.05, respectively, and the asphalt
sorption 15 1.2%. Find the effective asphalt content, air voids, voids in mineral
aggregate, and voids filled with asphalt.

G.o — Gop GopGp 2.67 x 1.05
P, =100 @ =G = = 2.75
ba Gop Gow DT Use o (Poals) 108 _ (1.2 : 2.5?)
b 100 100
. 100 — Py . 100 100 o
— = — — e .
100/ Gpm) — (Pp/Gy) T (i) + (ﬂ) 93.5) | (ﬂ
G.. Gy 2.75 1.05
P, =P FI"‘P 6.5 — =2 % 93.5 = 5.389
e — e _— ::{ e
A T 100 o
G — G, 2.49 — 2.40
P =100 — 100 x — 3.610
a G 2.49 %
G, P. 2.40 x 93.5
VMA = 100 — — 100 — — 15.96%
Geb 2.67
e 100(VMA —P,) 100 x (15.96 — 3.61) _ L 380
B VMA B 15.96 TR
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Superpave Volumetric Mix Design

Example:

An asphalt concrete nux was found to have a bulk specific gravity of 2.40. The asphalt
cement content 15 6.5% (by weight of the total mix), ﬂle bulk specific gravity of
Egregatea and asphalt cement 1s 2.67 and 1.05, respectively, and the asphalt
sorption 15 1.2%. Find the effective asphalt content, air voids, voids in mineral
aggregate, and voids filled with asphalt.

G.o — Gop GopGp 2.67 x 1.05
P, =100 @ =G = = 2.75
ba Gop Gow DT Use o (Poals) 108 _ (1.2 : 2.5?)
b 100 100
. 100 — Py . 100 100 o
— = — — e .
100/ Gpm) — (Pp/Gy) T (i) + (ﬂ) 93.5) | (ﬂ
G.. Gy 2.75 1.05
P, =P FI"‘P 6.5 — =2 % 93.5 = 5.389
e — e _— ::{ e
A T 100 o
G — G, 2.49 — 2.40
P =100 — 100 x — 3.610
a G 2.49 %
G, P. 2.40 x 93.5
VMA = 100 — — 100 — — 15.96%
Geb 2.67
e 100(VMA —P,) 100 x (15.96 — 3.61) _ L 380
B VMA B 15.96 TR
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Superpave Volumetric Mix Design

» (Goals:

— Compaction method which simulates field
— Accommodates large size aggregates: 150-mm molds

— Measure of compactibility: monitoring compaction throughout the
process

— Able to use in field labs: field quality control
— Address durability issues: film thickness and environmental

* Specimen preparation:
— Mechanical mixer 1s used

— Specimens are subjected to short-term oven aging:

— To simulate the aging that occurs in the manufacture and lavdown of
the HMA

— Specimen height is 115 mm (for mix design) or 95 mumn (for moisture
sensitivity)
— Two specimens are used at every binder content

— Compaction 1s carried out using the Gyratory compactor that utilizes
axial and shearing action
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Superpave Volumetric Mix Design
Gyratory Compactor

Height
measurement

Reaction f

B -

frame | Loading
~ ram

\

i
Tiltbar — || || t/ — Mold

Rotating ~

base

| Ram pressure
600 kPa

T

1:25°
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Superpave Volumetric Mix Design

— Height is measured to evaluate densification during compaction

— The change in specific gravity (G,,;) with number of gyrations is
typically plotted on a semi-log scale

— Three critical points on the SGC compactor curve are evaluated:

— N,,..: based on average design high air temperature and traffic level
(Table 18.21)

— N. o it is desirable not to have mixes that compact too easily (log V.

= 0.45log N,.)

-

4

"oee 10 Prevent having mixes that continue to compact under traffic
loading (log NV, __=1.10 log N, ) N

mMax
max

Gmb i Nd&.‘i
/ﬂ"-

L Y
Log Gyrations
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Superpave Volumetric Mix Design

— Height is measured to evaluate Lot anc s e ey o T e Regred for Warkoue Traflc
dellsiﬁcﬂtiﬂn dlll‘:i,llg Aweruge Mestgr Mok Ade Teini prratmee
compaction Design ESALs - Hadre e Saen

. ) . A LA | N N, L. LA N NN N N N AN

— The change in specific gravity ~ -os 7 & m 7 u m 7 ® wm 1 = w

. = = (RSN} 7 ] IT T (1] 120 T Emd 134 L o ]k

(G, with number of L B R R R A
. . . L0-140 # b 152 & 10 il & 113 1321 a 119 1a:
m’l‘ﬂtlﬂﬂ_l’h 1% T}-‘plcallﬁ' P]_;]T'[‘ﬁd Il|-:|-=4l.l-| B (1T ] L b 195 9 IR i 9 135
— . - S [HE i [ Ml 9 | pa. | 5 1 et 1] [E1] 155 =E
O11 a ":.-El]_]l-]_{'_‘pg E-Cﬂlﬂ = 1 ¥ 43 35 1@ |15 62 (LU - T | I - ]

— Three critical points on the s I iyt N et sl ol S Higs Ressash P Kieod
SGC compactor curve are (Garber & Hoel 2013)
evaluated: v

— N, : based on average ¥ max
des . . = | N
design high air G,n 1 des
temperature and traffic

level (Table 18.21)
— N. 1t 15 desirable not to

h::IT'E mixes that compact
too easily (log NV, .= 0.45
lag N,,.)

— N, to prevent having
mixes that continue to
compact under traffic

loading (leg vV, .. = 1.10 ;¥
log Ng.,) Log Gyrations
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Superpave Volumetric Mix Design

* Testing procedure:

— Specimens are prepared at five
binder contents (at 0.5%
mcrement), with a minimum

Wizids i Maneral Aggregabe Cribers

ﬂf two SPEEiJ]].EI].S fﬂf 'ETI'_'E].T Newrsinal M L imfaiven Vioids in
billder CDIltEIlt Xixe it ) Ml A grreeale |5
03 ir
— Specimens are tested in the o n
Gyratory compactor s 110
. . . Sk s
— Mix properties are determined
at Ny, and plotted versus the e i s e Come Wt B 1t
asphalt content
\ \ WA Critera
— Dfilgﬂ ﬁ‘ﬁphﬁlt content 1s the Thffic, Million ESALs Plesign VFA, Percent
one producing air voids of 4% <03 70-4
= 1 B3-78
(Gl' Q6% Gmb:l at Nd&‘.‘: -3 65-78
. . . 575
— Mix characteristic are . o
compared to criteria < a0 6373

— 'I_';:HA: Sep TH hl'l? 13_2{] ROURCE:  The Swperpave v Pusigr Mansel for New Coasrunions asd fvevkivs, Sirsbeghc Highuay Mesearch

Program. Matoasd Besesrch Councld. Washingren., O 154

— FFA: see Tahle 18.22 (Garber & Hoel 2013)
- G, atN,,;: < 89%

- G, atN,, . <98%

CEE 4612 - L. H. Kamisa




Thank Youlll
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