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TEXT
Mix Design

Introduction

In a hot-mix asphalt paving mixture, asphalt and aggregate are blended together in precise pro-
portions. The relative proportions of these materials determine the physical properties of the mix,
and ultimately, how the mix will perform as a finished pavement. There are two commonly-used de-
sign methods for determining suitable proportions of asphalt and aggregate in a mixture. They are the
Marshall Method and the Hveem Method.

Both design methods are widely used for the design of hot-mix paving. The selection and use of
either of these mix design methods is principally a matter of engineering preference, since each
method has certain unique features and advantages. Either method can be used with satisfactory
results.

Mixture Characteristics and Behavior

When a sample paving mixture is prepared in the laboratory, it can be analyzed to determine its
probable performance in a pavement structure. The analysis focuses on four characteristics of the
mixture and the influence those characteristics are likely to have on mix behavior. The four charac-
teristics are:

Mix density;

Air voids;

Voids in the mineral aggregate;

Asphalt content.

1. Mix Density

The density of the compacted mix is its unit weight ( the weight of a specific volume of mix).

Density is particularly important to the inspector, because high density of the finished pavement is

P

essential for lasting pavement performance®.
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In mix design testing and analysis, density of the compacted specimen is usually expressed in
pounds per cubic foot (Ib/ft’) or kilograms per cubic meter (kg/m’). It is calculated by multipl-
ying the bulk specific gravity of the mix by the density of water [ 62.416 Ib/fi’ (1,000 kg/m*)].
The density determined in the laboratory becomes the standard by which density of the finished pave-
ment is determined to be adequate or inadequate. Because on-site compaction rarely can achieve the
densities achieved by standard laboratory compaction methods, specifications usually require pave-
ment density to be a percentage of laboratory density.

2. Air Voids

Air voids are small air spaces or pockets of air that occur between the coated aggregate particles
in the final compacted mix. A certain percentage of air voids is necessary in all dense-graded high-
way mixes to allow for some additional pavement compaction under traffic and to provide spaces into
which small amounts of asphalt can flow during this subsequent compaction®. The allowable per-
centage of air voids (in laboratory specimens) is between 3 percent and 5 percent for surface courses
and base courses, depending on the specific design.

The durability of an asphalt pavement is a function of the air-void content. The reason for this is
the fact that the lower the air voids, the less permeable the mixture becomes. Too high an air-void
content provides passageways through the mix for the entrance of damaging air and water. Too low a
voids content, on the other hand, can lead to flushing, a condition in which excess asphalt squeezed
out of the mix to the surface.

Density and void content are directly related. The higher the density, the lower the percentage
of voids in the mix, and vice versa. Job specifications usually require pavement density that allows
as low an air void contents as is practical, preferably less than 8 percent.

3. Voids in Mineral Aggregate

Voids in the mineral aggregate (VMA) are the air-void spaces that exist between the aggregate
particles in a compacted paving mixture, including spaces filled with asphalt®.

VMA represents the space that is available to accommodate the effective volume of asphalt (i.
e., all of the asphalt except the portion lost by absorption into the aggregate) and the volume of air
voids necessary in the mixture. The more VMA in the dry aggregate, the more space is available for
the films of asphalt. Based on the fact that the thicker the asphalt film on the aggregate particles the
more durable the mix, specific minimum requirements for VMA are recommended and specified as a
function of the aggregate size. Table 1.1 presents specific requirements.

Minimum VMA values should be adhered to so that a durable asphalt film thickness can be a-
chieved. Increasing the density of the gradation of the aggregate to a point where below-minimum
VMA values are obtained leads to thin films of asphalt and a dry-looking, low durability mix. There-
fore, economizing in asphalt content by lowing VMA is actually counter-productive and detrimental
to pavement quality.

4. Asphalt Content

The proportion of asphalt in the mixture is critical and must be accurately determined in the la-

«
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Table 1.1 Voids in Mineral Aggregate (VMA Requirements)
Minimum Percent Voids in Mineral Aggregate (VMA)

U.S. A. Standard Nominal Maximum Minimum Voids in
Sieve Designation Particle Size ( in. ) Mineral Aggregate ( percent)
1.18 mm (No. 16) 0.0469 23.5

2.36 mm (No. 8) 0.093 21

4.74 mm (No.4) 0.187 18

9.5 mm (% in.) 0.375 16

12.5 mm (%in. ) 0.5 15

19.0 mm (Zin. ) 0.75 14

25.0 mm (1 in.) 1.0 13
37.5 mm (1% in.) 1.5 12

50mm (2 in. ) 2.0 1.5
63 mm (2% in. ) 2.5 11

boratory and then precisely controlled on the job. The asphalt content for a particular mix is estab-

lished by using the criteria ( discussed later) dictated by whichever mix design methed is being

used,

The optimum asphalt content of a mix is highly dependent on aggregate characteristics such as

gradation and absorptiveness. Aggregate gradation is directly related to optimum asphalt content.

The finer the mix gradation, the larger the total surface area of the aggregate and the greater the a-

mount of asphalt required to uniformly coat the particles. Conversely, because coarser mixes have

less total aggregate surface area, they demand less asphalt.

N

New words and Expressions

asphalt[ ‘sesfelt |

pave| peiv ]

mixture[ *mikstf3 ]
aggregate| 'zgrigeit |
precise | pri'sais |
proportion|[ pra'ps:fan ]
property [ ‘propati ]
engineering| 'end3i'niorin |
feature( 'firtfo]

n. HiHE

v BE(BESE), 8

n. B4, REY

n. B¥, &80 BE

o YEWERY, HEBAAY ;n. KETR
n. LB ;o RERRHLBY

n. AR, R, ftE

n. TR(2¢)

n. $¢{E ;vi. REEER
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10. density[ 'densiti ] n. HHE

11. void[ vaid] n. ZSH;a. ZH

12. compact[ 'kompekt ] a. 'BEN;n 5
13. inspect[ in'spekt ) v. B, R

14. specimen| 'spesimin ] n. {5Bl, trA

15. express[ iks'pres ] a. R ;0. FiK
16. bulk[ balk] n. Kt BRER
17. course[ kois] n. 8, #E

18. durability[ 'djuara'biliti ] n. A, AT

19. passageway| 'paesidzwei | n. iiiE, HAO

20. flush[ fla[] a. T ;vi. TFNE
21. squeeze[ skwiiz] n. B ;o BHE, #F
22. specification[ spesifi'keifon ] n. VER, UEEA4E, BIWE
23. accommodate| 9'komadeit | o, LR, BN

24. absorption[ ob'so:pfon ] n. R

25. recommend| reko'mend ] ot I, B

26. adhere[ ad'hia ] vi. BRF; 0. BHF

27. gradation[ gra‘deifon ] n. %%, R

28. economize[ i( 1) 'konomaiz | v. T4, BEHHA
29. coarse[ ko:s ] a. HIEERY

30. dense-graded HEREC

31. Marshall Method LR

32. Hveem Method HEmta ek
33. base course ®EE

34. optimum asphalt content BERESE

Notes

(@ Density is particularly important to the inspector, because high density of the finished pave-
ment is essential for lasting pavement performance. 28] 7] 7%y ; B o iR & B 1 A0 7R 26 BE X4
BREERERAFTR, Bt , HFEMKRE RFHER,

@ A certain percentage of air voids is necessary in all dense-graded highway mixes to allow for
some additional pavement compaction under traffic and to provide spaces into which small amounts of
asphalt can flow during this subsequent compaction. 28] R iFNy . % B RIFTEX B K —F E
£, UREX—EPEEIBTHBHER SRS, SHERRABRS R PIFE—E W
ISR (LU RER) ROEK,

® Voids in the mineral aggregate ( VMA) are the air-void spaces that exist between the aggre-
gate particles in a compacted paving mixture, including spaces filled with asphalt. 2HA]E[i%4 5"

«
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Exercises

L. Translate the following into Chinese.

1.

© XN MR

10.
. compacted specimen
12.
13.
14.
15.

[un—y
[ —

hot-mix asphalt paving mixture
Marshall Method

unique feature

pavement structure

mix density

air voids

voids in the mineral aggregate
asphalt content.

compacted mix

inspector

on-site compaction
mineral aggregate
sieve designation

particle size

IL. Translate the following into Chinese.

1.

Properties of various asphalts and aggregates have a pronounced effect on the workability of
mixes at different temperatures.

These properties, and the temperature of the mix at the time of compactior;, must be considered
when deciding on a compaction procedure.

Gradation, surface texture and angularity are primary aggregate characteristics that affect
workability of the mix.

Similarly, a rough surface texture, as opposed to a smooth, glassy aggregate surface, results
in a more stable mixture and requires greater compactive effort.

Natural sands are often added to mixes in the interests of economy. Too much sand, particu-
larly in the middle particle sizes [ around the 0. 60mm mesh sieve ( No. 30) Jwill result in
tender mixes ( mixes with high workability, but low stability). Tender mixes are easily over-

stressed by heavy rollers and too much rolling.

IH. Select the appropriate word(s) from the below to fill in the blank(s) of the sentence.

1. The density of the compacted mix is its (the weight of a specific volume of mix).

2. Too high an air-void content provides through the mix for the entrance of damaging

air and water.

5»
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3. Job specifications usually require pavement density that allows as low an as is practi-
cal, preferably less than 8 percent.

4, The stability of a mixture depends on and cohesion.

5. Generally, durability of a mixture can be enhanced by three methods. They are: using max-
imum , using dense gradation of , and designing and compacting the mixture

for maximum

6. During road building, asphalt pavers or rollers must compact while it is still hot in
order to reach its final degree of density and specified properties.
a. asphalt content b. stripping-resistant aggregate
c. unit weight d. passageways
e. impermeability f. internal friction
g. freshly laid asphalt h. air void content

IV. Read the following passages carefully and then translate the underlined sentences into
Chinese.
Introduction to Superpave
Superpave is a product of the Strategic Highway Research Program (SHRP). This research ef-
fort led to a new system for design of hot mix asphalt bases upon mechanistic concepts. The Super-

pave™ has been fully implemented by most of the state highway agencies. Superpave is an acronym

for Superior Performing Asphalt Pavements. The superpave system accounts for materials characteris-

tics in light of climatic and traffic conditions. Perhaps the most significant component of Superpave is

its new asphalt binder grading system, which is designed to link with pavement performance. The

superpave methodology is believed to be the best available at this time. However, it is an evolving

methodology, and as such there are various asphalt characterization routines that are under consider-
ation as future additions to the Superpave.
In-Vehicle Information System

The goal of in-vehicle information system (IVIS) technology is to increase the safety, mobility,

efficiency, and convenience of the motoring public. Examples of these technologies include in-vehi-

cle navigation/route-guidance systems, advanced traveler information system ( ATIS), and collision-

warning systems. While the deployment of these technologies will help to reduce the number of cra-

shes and fatalities on our highways, there is some concern about the potential for these systems to
add to the problem of driver distraction.

Driving a vehicle imposes a particular load on drivers’ attentional resources. Attentional re-
sources can be thought of as a pool from which all tasks and mental activities are drawn. These at-
tentional resources are used to safely perform the primary tasks of driving the vehicle (which in-

cludes vehicle control, navigation, and hazard detection). Interaction with an IVIS can increase the

load on these attentional resources, possibly interfering with the driver’ s ability to perform the pri-

mary task of driving. Therefore, the design characteristics of an IVIS affect not only the amount of

driver attention needed for the IVIS, but also the amount available for the driving task.

&«
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READING MATERIAL
Properties Considered in Mix Design

Good hot-mix asphalt pavements function well because they are designed, produced and placed
in such a way as to give them certain desirable properties. There are several properties that contribute
to the quality of hot-mix pavements. They include stability, durability, impermeability, workability,
flexibility,, fatigue resistance and skid resistance.

Ensuring that a paving mixture has each of these properties is a major goal of the mix-design
procedure. “Therefore, the inspector should be aware of what each of the properties is, how it is evalu-

ated, and what it means in terms of pavement performance.
Stability

Stability of an asphalt pavement is its ability to resist shoving and rutting under loads (traffic).
A stable pavement maintains its shape and smoothness under repeated loading; an unstable pavement
develops ruts ( channels) , ripples ( washbhoarding or corrugation) and other signs of shifting of the
mixture.: ' '

Because stability specifications for a pavement depend on the traffic expected to use the pave-
ment, stability requirements can be established only after a thorough traffic analysis. Stability speci-
fications should be high enough to handle traffic adequately, but not higher than traffic conditions re-
quire. Too high a stability value produces a pavement that is too stiff and therefore less durable than
desired.

The stability of a mixture depends on internal friction and cohesion. Internal friction among the
aggregate particles (interparticle friction) is related to aggregate characteristics such as shape and
surface texture. Cohesion results from the bonding ability of the asphalt. A proper degree of both in-
ternal friction and cohesion in a mix prevents the aggregate particles from being moved past each oth-
er by the force exerted by traffic.

Durability

The durability of an asphalt pavement is its ability to resist factors such as changes in the as-
phalt ( polymerization and oxidation ), disiniegration of the aggregate, and stripping of the asphalt
films from the aggregate. These factors can be the result of weather, traffic, or a combination of the
two.

Generally, durability of a mixtire can be enhanced by three methods. They are: using maxi-
mum asphalt content, using dense gradation of stripping-resistant aggregate, and designing and com-
pacting the mixture for maximum impermeability.

Maximum asphalt content increases durability because thick asphalt films do not age and harden

»
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as rapidly as thin ones do. Consequently, the asphalt retains its original characteristics longer. Al-
so, maximum asphalt content effectively seals off a greater percentage of interconnected air voids in
the pavement, making it difficult for water and air to penetrate. Of course, a certain percentage of
air voids must be left open in the pavement to allow for expansion of the asphalt in hot weather.

Impermeability

Impermeability is the resistance of an asphalt pavement to the passage of air and water into or
through it. This characteristic is related to the void content of the compacted mixture, and much of
the discussion on voids in the design sections relates to impermeability. Even though void content is
an indication of the potential for passage of air and water through a pavement, the character of these
voids is more important than the number of voids. The size of the voids, whether or not the voids are
interconnected, and the access of the voids to the surface of the pavement all determine the degree of
impermeability. |

Workability

Workability describes the ease with which a paving mixture can be placed and compacted. Mix-
tures with good workability are easy to place and compact; those with poor workability are difficult to
place and compact. Workability can be improved by changing mix design parameters, aggregate
source, and/or gradation.

Harsh mixtures (mixture containing a high percentage of coarse aggregate) have a tendency to
segregate during handling and also may be difficult to compact. Through the use of trial mixes in the
laboratory, additional fine aggregate and perhaps asphalt can be added to a harsh mix to make it
more workable. Care should be taken to ensure that the altered mix meets all other design criteria.

New words and Expressions

1. stability[ sta'biliti ] n. BBEHE

2. impermeability n. NBiEH

3. workability [ ,worka'biliti | n. AJE FE

4. flexibility[ fleksorbiliti ] n. B8 B

5. fatigue[ fo'tizg] n JTZ %5, RIE
6. skid[ skid] v (RER)ES

7. shove[ fAv] n. B o ;v B
8. smoothness [ 'smu:dnis ] n. ¥, %68, 18
9. ripple[ 'ripl ] n, P8 ;0. BPLK
10. washboard[ ‘wafbo:d ] n. YeKH ;0. EEBURM
11. corrugation[ koru'geifon] n. B3, PR

12. shift fifi] n. B30, B0,

&«
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13. segregate[ 'segrigeit ] v. RES, BT

Translating Skills

& F B

1 BEALHR

HERE—MES (RE) IRANER RS —MIES (FE) RkHk, FTHEXT
TA,REARETMANABELHERE EMTH,

EMIEF S REARLBFNER WGBS ERNZER . B, B REEN St TH
FHRRARE , KRS N2 00 BRRE A B R B ik B T BoR LBY

2 BEMUR

REERANERAS —ME S BiELR, R ERIIRAMNTR, EHFIRT, 2R
RATR, LA EBEMR RS, 4 RIEG AT R, b T EERFE FEEERESE

BY T RS R4 L T 3CGHT & F 2 B A0 HENT, 2 R BRRHR

[#1] This method of measurement is as simple a\s‘practical.

R B O v BR 1R B U SE o
ERIFEL RS, A EREREFS, Ah YR 3REE BRI BB RG22k ok,
BB T #ENES

3 B
KT HRARE, NIRRT RR NS “F. 5 0", AEReENFE" 5 MW, —H2
HRTEHR A LR B2 0 B BN, AR TR T — RREHEIREN2RET
7 _RBXHES A RRERMRE, RSO T,
PHOERHER T R EXBERBE L AE, ESHAERES 28, B, BiER
VAMERR IR , B SUNRE B B RIEFA A&

4 BRH
BENEE T AR, DEFRMER,
4.1 HiF
H ¥ (literal translation ) REBMIES WEWER LB EMRIER T, BFSCHIBER S

W EES GEATFIRSCHIER, /18 “ FOHER” R BHEECR . R, XRIET ZEKERA
HAEMMAHE, e —EHNES . Bt FEEITRD, AEREFNE, LENTHTIE
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