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@Pavement Materials & Design
o (110401466/2104011466)

&
Pavement Types

Instructor:
Prof. TALEB M. AlI-ROUSAN



Q“Q@a'vement Definition

N\
e <Inengineering terms, a pavement means a man-made surface on
natural ground that people, vehicles or animals can cross. Any
ground surface prepared for transport counts as a pavement.

Y V4

QogW>
e Pavement, in civil engineering, durable surfacing of a road,
airstrip, or similar area. The primary function of a pavement is to

transmit loads to the sub-base and underlying soil. ... Such ¢
ﬂa pa\‘/\eln’l“ent has enough plasticity to abSOfl; %ggrc}k.' ) JJJL;I ‘s ,3"?
AMO \uP5,c . :
e Pavement is that part of the road or highway which supports the
\-5\9'Wheel loads imposed on it from traffic moving over it.

e Pavementis a multi-layered structure put as horizontal layers one
above the other, which distributes the vehicular loads over a larger
area 5 . . ~ ) A | Lo s S5
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s‘g@l%\vement Types

&
.
I 1» Flexible Pavement: Pavement

: constructed of bituminous and granular
materials. It’s called “flexible” since the
a2\ total pavement structure “bends” or

=2 “deflects” due to traffic loads.

2. =Rigid-pavement: Pavement constructed
of Portland cement concrete.
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Q“§§Jwement Functions

\\‘

® Reduce and distribute the traffic loading so as
not to damage the subgrade (natural soil).

® Provide vehicle access between two points
under all-weather conditions.

® Provide safe, smooth and _comfortable ride to
road users without undue delays and excessive
wear & tear.

® Meet environmental and aesthetics requirement.
e Limited noise and air pollution.
Reasonable economy.
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Y V4

Pé@%ment Requirements

\\‘

Sufficient thickness: to distribute the wheel load stresses to a safe
value on the sub-grade soil.

Structurally strong: to withstand all types of stresses imposed
upon it.
Adequate coefficient of friction: to prevent skidding of vehicles.

Smooth surface: to provide comfort to road users even at high
speed.

Dust proof surface: so that traffic safety is not impaired by
reducing visibility.

e Impervious surface: so that sub-grade soil is well protected.
e Long design life with low maintenance cost.

Produce least noise from moving vehicles.
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F@lble Pavement Types

"T1IA I T ES . D Y1

r 4

Conventional flexible pavements

discussed in detail. \‘5_“»_’.4%!
Full-depth asphalt pavements.

Contained rock asphalt mat (CRAM), not
widely accepted for practical use.



Con Q’cional Flexible Pavements

4

N\
I e Are layered systems with better materials on
'+ top where the intensity ofstress:is-high-and

inferior materials at the bottom where the
intensity is low.

e Adherence to this design principle makes the
use o ossible and usually result

in the most economical design. __
W R
/D

P Surface Course 4
- BaseCourse

Subbase Course
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Conventional Flexible Pavements

33
N

3.% Cont.

\\‘

® ' Cross section consist of (from top):
Seal coat
»Surface course ( .
Tack coat _)23:0 O‘:Loé)‘—w‘ Q}E&z’
*%Binder course

1
2

3

4.

5. Prime coat (‘Md}&’ 2D 5’94—9"6%
6. )

7

8

9

Y V4

*Base course
. *<Subbase course
. #Compacted subgrade
. % Natural subgrade

The use of various courses is based on either necessity
or economy, and some of the courses may be omitted.



Conven@ al Flexible Pavements Cross
D Section

\\‘

- ' Ao DY
N L O : P S o
\ | Seal Coat A | Surface Course #1—2 mé)
Tack Coat /4 | | | Binder Course 2..4 in.

" Prime Coat/ ‘ | ‘Base Course-———/ik %i!; w’14 12 in.

__L)&N&‘ ‘\9,"_‘)9<‘—-' Subbase Course.] | 4 12 in.
Al fc-—-mw ¢6 n_

| me

FIGURE 1.2 ~
vical cross section of a conventional flexible pavement (1 1n. = 254 mm).



Conv ional Flexible Pavements

nt. Seal Coat (Chip seal]

e Seal coat: Thin asphalt surface treatment used to:
1. Waterproof or seal the surface.

\

Y V4
B

Rejuvenate or revitalize old bituminous wearing surfaces.

3. To nonskid slippery surfaces. -

4+ Improve night visibility. wd’é‘é‘uoﬁ?j 4‘5)‘,“;5
e Single Surface treatment = single application of ihe ' j
bituminous material that is covered by a light spreading
of fine aggregate or sand (spread mechanically) then
compacted with pneumatic tired rollers.

,p.,. -
95@@@@@5&9394— Aggregate A
I .,

Completed Single Chip Seal
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Conventional Flexible Pavements

SgCont. Surface Course

\\‘

[s the top course of asphalt pavement
(Wearing course).

® (Constructed of dense graded HMA.

® Must be:
e Tuff to resist distortion under traffic
e Provide smooth and skid resistant riding surface.

e Water proof to protect the entire pavement from the
weakening effects of water.

e If the above requirements can not be met, the
use of seal coat is recommended.
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Conventional Flexible Pavements

«Cont./ Binder Course

\\‘

@ Binder course (knownralsorassAsphalt-base
course) is the asphalt layer beneath the
surface course.

e Reasons for use: =V

1. HMA is too thick to be compacted in one layer (if <
the binder course is more than 3" it is placed in two
layers).

2. More economical design, since binder course
generally consist of larger aggregates and less
asphalt and doesn’t require high quality.
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Conven&@zﬂ Flexible Pavement Layers
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m‘ ional Flexible Pavements

@nt Tack & Prime Coats

&ck coat: Very light application of asphalt (emulsion) to

- ensure a bond between the surface being paved and the
overlying course. Binds asphalt layer to PCC base or to an
old asphalt pavement.

e Prime coat: Application of low viscosity Cutback asphalt to
an absorbent surface such as untreated granular base on
which asphalt layer will be placed on. It binds the granular
base to the asphalt layer.

e Tack coat doesn’t require the penetration of asphalt into
the underlying layer, while prime coats penetrates into the
underlying layer, plugs the voids, and form a watertight
surface.



g Aid 1 -+ Lkt cotl

, = .
3 4;\:}\5&‘.«5‘&&‘ go‘éb:‘»é‘éwg -y
MEDA‘%C"(M!?“’ 9L’¢‘3QJ"5&"31‘=’{!§§*“'

gl o i) o001 T, emifsion ‘L‘
‘-}(w = ! <, O e

cm/zén’on aS_Ech Goj

3yl bindrCpelo bond 2 35 Gpaist Gro [R5 4
binder's binde- s (Say! (wety)

l‘. ¢ " ,!' "‘:!C}Jé - "ﬂjl‘ogﬁ:‘é——

(s sy Com posi‘,@-"%%.\@é%ﬁzj‘f
(SSvassans =Tk



QY 5\w c P so Sl $FT - R Caip'
Qltgga;&a;gﬂ:pa@ derw i low uiscostg{,g- [,453

= WA\ C.f);c-éi)\'\-«.o‘jé) Liyd (g3B2se cowse Sab
binfedabsbzse Sabcial A k468 Yyo S30ds

c":UJégfc',\ﬁ.o‘ow aisws{]:‘jégtﬁo\gg ) G—
Ul o Showl pand base. o



&
P
rim
e
C
0

a

t




N‘ ional Flexible Pavements
Cﬁ Base & Subbase Courses

I e:Base course: Layer immediately beneath
: the surface or binder course.

e Composed of crushed stone, crushed slag,
or other untreated or stabilized materials.

® Subbase course: Layer beneath the base
course, used mostly for economy purposes
since it can be of lower quality.
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Convef tional Flexible Pavements
S‘Q DI L, PDIIAdC€

&N
I e Subgrade can be either in situ soil or a

. layer of selected materials.

® The top 6” of subgrade should be scarified
and compacted to the desired density near
the optimum moisture content.
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Full-Dﬁsﬁh Asphalt Pavements

N BT T
SUDJARLE 2= oo Y
@ Are constructed-by-placing-one-ormorelayers-of

' HMA directly on the subgrade or improved

\

subgrade.
e Used for heavy traffic.
® When local materials are not available.

® Minimize the administration and equipment
costs.

e Typical cross section: Asphalt surface, tack coat,
asphalt base, and prepared subgrade.
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Ful@pth Asphalt Cross Section
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Advapgges of Full-depth Asphalt

Pavements

N\
I 1. Have no permeable granular layers to entrap
! water and impair performance.

\

2.

Reduced construction time.
Construction seasons may be extended.

Provide & retain uniformity in the pavement
structures.

Less affected by moisture or frost.

Little or no reduction in subgrade strength
because moisture do not build up in subgrade
when full-depth asphalt is used.
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&‘Q@Rigid Pavements

\\‘

Pavemen

layer (150 -300 mm) placed over granular
base/subbase layers (100-300 mm) supported by the
subgrade.

.Longitudinal—-o
Joint

Surface Course
Base Course (Optional)

Subbase Course (Optional)

Subgrade (Existing Soil)
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sg@ﬁl{igid Pavements

\\‘

®. Rigid pavements are placed either directly on the
prepared subgrade or on a single layer of granular or
stabilized materials (called base course or subbase).

® Use of base course in rigid pavements:

1. [Control of pumping (ejection of water and subgrade soil
through joints, cracks, and along the edges.[stabilized base are
less erodible).

2. Control of frost action.
3.  Improvement of drainage (raise pavement from water table).

4. Control of shrinkage and swell (work as waterproof and as
surcharge load).

5. Expedition of construction (working platform).

\
\
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Rig&@“?avement Cross Section

i

Portland Cement Concr_ete | [6—12 i,

Base or Subbase Course May or May Not Be Used L

FIGURE 1.4 '

Typical cross section of a rigid pavement (1 in. = 25.4 mm).



T@%S of Rigid Pavements

- -— — i —

&> -~ L 4

1> Joint Plain Concrete Pavements (JPCP).

. 2. Jointed Reinforced Concrete Pavements
(JRCP).
3.  Continuous Reinforced Concrete pavements
(CRCP).
Prestressed Concrete Pavements (PCP).
e Alongitudinal joint should be installed

between the two traffic lanes to prevent
longitudinal cracking.



,@'33:‘ Ee//m:?? S

s (b Paverionl 5 o np <A 2 s
Tl ol cf

U8, S Joe o A (s 2 p 59 8 -
: |7;/f¢g’,:..¢

Tortt Lsacn Joils St JRCP -2
\_g,hc;xhjég_}a_:;é\x‘ c:\&«v‘}éefv' S
A\h-‘ E—W;M

= uunil —

Joiif 356 (51 48 5 Bl Ao sz +FCP
Crack Liaddob ols Cun g Crucs e ST i



‘dgﬂ-um.&p 3 =N S o R CAR= S-S

==

lies .,?zfu

= Aoy 4 Doa/(/s r".‘,b_'wo‘(,.ﬁw 4
\-d(h A éa% 70241@ A\:& |

@3 Dowe’s \g—_-_séag @E&,;%Jp :
R



Joint @’n Concrete Pavements (JPCP)

I e Constructed with closely spaced contraction

" joints.
® Dowels or aggregates interlock may be used
for load transfer across the joints.

® Joint spacing ( 15 to 30 ft)
e Tie bars are used for longitudinal joints.
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& Jpcp

-
= N AV IS R

L 4
Transverst Joints with or

; . 2970‘“‘«3'111101_11 Dowels \

_ - ‘ _’_‘1_4
15 to 30 ft ! 15 to 30 ft
(a) JPCP



i i
Typical Spacing:

3.7 - 6.1 m (12 - 20 ft.}
|- i |

Direction
of Travel

Longitudinal JnintJ “‘-——Tie Bar -

Transverse Joint

Side View

Base / Subbase

[ ALl ' Subgrade

Figure 2.39: Jointed Plain Concrete Pavement (JPCP)

12003 Stewve Muench



Jointed Reinforced Concrete
Pavements (JRCP).

N\
I ® Steel reinforcement in the form of wire mesh or
! deformed bars do not increase the structural
‘ capacity of pavements but allow the use of
longer joint spacing.
® Joint spacing (30- 100 ft).
® Dowels are required for load transfer across the
joints.
e The amount of distributed steel increase with

the increase in joint spacing and is designed to
hold the slab together after cracking.
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&m@’ IRCP

\\‘

Transverse Joints with Dowels

o
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Tup View

T 1 - - - :
f T\rplcal Span:ing+
‘up to 15 m (50 ft.}

Typical Spacing: f
~~ 4,6 m (15 fr.})

— |

Direction
of Travel

Ft:lnl"nrclng St:cl —-""
' 1+

~ Longitudinal ]ninl:——"‘;'#f' '

s""——Th: Bar :.

—>

or*mﬁv
Dowel

*cfuss
A

Crachk

Halnfﬂrﬂng Steel A

Base f Subbase

Subgrade

12003 Steve Muench

Figure 2.40: Jointed Reinforced Concrete Pavement {(JRCP)



Contigstous Reinforced Concrete
pavements (CRCP).

I @ It has no joints. &~ fas 5D

. @ Joints are the weak spots in rigid
pavements.

e Eliminating joints reduced thickness of
pavement by 1 to 2”.

e Used for heavy traffic.

® Most frequent distress is punchout at the
pavement edge.



CIB[F

Y. b&oa&ols s ;
¢ oS 4 ﬁésdo

$
AN 5. 55 &é..l
¢ ; ‘ ‘ —'
sab Joil degsiad go¥ \oUyd %
Tihic 93235 —se

e
L AFEWEA LB PSS e,
S 2] _C?:\A-Dé
O‘J’bqk ) q:_‘.tta""'i’péﬁ?ﬂc gﬂ,.zsdge’v-%
‘ U (P Ly s W0 |
s sall %



Continuous
Reinforcements <

No Joints
e e | T (¢) CRCP

Longitudinal Joint B 50

CRCP after
= Concrete Paving
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A——
Typical Crack Spacing: T

~1.1—z.4m{3.5—uﬂ.?§

H— Lurlgltudlnal ]nintJ -

Reinforcing Steel Panel Crack
Sn:le vlew
S 4

¢ | <

Dhrection
af Travel

.

Base / Subbase

Subgrade

2003 Stewe Muench

Figure 2.41: Continuously Reinforced Concrete Pavement {CRCP)



Prestrg@%’d Concrete Pavements (PCP)

e The pre application of a compressive stress to the
concrete greatly reduces the tensile stresses caused
- by traffic and thus decrease the thickness of
concrete required.

e Has less probability of cracking and fewer
transverse joints and therefore results in less
maintenance and longer pavement life.

® Used more frequently for airport pavements than
for highway pavements because the saving of
thickness for airport pavements is much greater
than for highways.




a
§

Wire [\\

Strands — Q

Siab Length 300 to 700 ft
(d) PCP




PCP

MM\LO )LJCOMQ‘J"OR .o X1 Q‘ QJ""‘?-!)"

(}:‘5»‘65’5 Jomsverse PR

S Syo 2 J270 S bty e

A /Qfﬂigf Bwemmsﬂ g



$®§'mposite Pavements

N\
Womposed of both HMA & PCC.

.- ® Using PCC bottom layer & HMA top layer results
in an ideal pavement with most desirable
characteristics.

e PCC provide strong base.

e HMA provides a smooth non-reflective surface.
e Very expensive and rarely used. s

® Most of the available are the rehabilitation of

PCC using asphalt overlays.
Ao Yol zl s
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Typ‘k@Composne Pavement Sections
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RigidWS. Flexible pavement

Load Distribution over the Subgrade
N

The'essential difference between
the two types of pavements, flexible
and rigid, is the manner in which
they distribute the load over the
subgrade.

\
\

Rigid pavement

+ because of PCC’s high elastic
modulus (stiffness), tends to
distribute the load over a

relatively wide area of subgrade
©2003 Steve Muench

+ The concrete slab itself supplies
most of a rigid pavement’s
structural capacity.

40



P (Load)

RigidWS. Flexible pavement
Flexibl g%vement Load Distribution

Surface Surface
, I B ¥ i . = B2 G133 - Lo 9 VY
k) !"',n' B_ase o ; A o 2 A J; '1"'.“' B-ase ‘

Subbase

©2003 Steve Muench ©2003 Steve Muench ©2003 Steve Muench

Flexible pavement uses more flexible surface course and

distributes loads over a smaller area.

relies on a combination of layers for transmitting load t
the subgrade

Image source: 41
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®
FLEXIBLE PAVEMENTS

RIGID PAVEMENTS

1. Grainto grain load transfer

Initial cost is low

Joints are not required

Durability is less

Good subgrade is required

Temperature variation has no any effect on
the stress variation

Life span is short ™ 15 years

Repair work is easy

DU AW

e

13. Easy to locate the underground works like
pipe location, etc.

14. Thickness is more

15. Design depends upon the subgrade strength

16. Stability depends upon the aggregate
interlocking, particle friction and cohggsion.

=1
Maintenance cost is high

10. Requires less curing time
11. Poor night visibility due to use of bitumen
12. No glare due to sunlight

1. Slab action takes place
Initial cost is high
Joints are required
Durability is high
Good subgrade Is not required
Temperature variation effects the
stress variation

Long life span ™ 30 years

Repair work is tough € g &{,‘

Maintenance cost is low \’M

10. Requires much curing timij .;,J~

11. Good night visibility

12. High glare due to sunlight

13. Difficult to do the underground
works

14, Thickness is less

15. Design not depends on subgrade

16. Stability depends upon the joints
between the slabs of concrete.

ol AR o

0 RN
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v Pavement Materials & Design
N (110401466/2104011466)
Bituminous Materials

Instructor:
Prof. TALEB M. AL-ROUSAN

Source:

Chapter 18: Traffic & Highway Engineering by Nicholas Garber and Lester Hoel, Fifth
Edition, Brooks/Cole.

Chapter 15-9: Highway Engineering, by Paul Wright & Karen Dixon, 7% Edition, Wiley
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o'’ Bitumen: Black'or dark Coloredlsc?lid
or viscous Cementous substances
composed of highrmolecularweight
hydrocarbons.

e Bitumen is soluble in carbon - = =9
disulfide (CSZ) _ . " \viscous

elastic fluid
solid

e Bituminous Materials are used for _

highway construction because: ~ gt

1.  Excellent binding & cementing
power. ’

2. Water-proofing properties.
3. Relatively low cost.
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Asphalt
binder

Asphalt mixture

Asphalt 38 G256 Y4 5010 1o

pavement P e

Qu, X, D. Wang, L. Wang, Y. Huang, Yue Hou and M. Oeser. “TheState-ofthe-ArtReviewonMolecularDynamics Simulationof Asphalt Binder.” /
(7018)

3




Image source: http://gilsoniteco.com/2018/02/22/gilsonite-binder-grade/
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Image source: http://alliancepavingmaterials.com/hot-mix-asphalt/



Sourc@%f Asphaltic Materials

® Natural Deposits:

: Native asphalt
o Existed in Iraq, Trinidad, Bermuda, LA California.
e Softened by petroleum fluxes

Rock asphalt:

e Deposits of sandstone or limestone rocks filled with
asphalt

e Found in California, Texas, Oklahoma
e Not widely used
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Sourc@%f Asphaltic Materials

I ® Petroleum Asphaltic Material

distillation of petroleum are:
e Asphalt Cement (AC).
e Slow-Curing liquid asphalt.
e Medium-Curing liquid asphalt.
e Rapid-Curing liquid asphalt.

e Asphalt Emulsions.

S:
: The asphaltic materials obtame&?gom the

JLst
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ég'phalt Paving types

A&p\ﬁélt most commonly used in flexible

pavement construction can be divided into:

v ;A I TR
i 5" ) ey : o 2 4%
A g8 : B | 7 Z1% 5 {i
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VI WA ¢
Asphalt cement Emulsified as hal?
(binder) A 3= e
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Bituminous materials

()*'

FIGURE 9.1

Classification of bituminous materials (Goetz and Wood, 1960).
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Bitu@ous Materials Categories

\\‘

ASPHALT

TARS

eResidue of petroleum
(Separated by fractional
distillation) or as native asphalt

eUsed extensively as binders for
highways

eDissolve in petroleum oils
eBlack color

eMore resistance to weathering
el ess susceptible to temp.

eHas no odor

eUsed in highways & airports

eResidues from the destructive distillation
(chemical change) of organic substances
such as coal, wood, or petroleum

eCrude tars must undergo further refinement
to become road tars

eDo not dissolve in petroleum oils, therefore
it is used to seat asphalt concrete surfaces to
improve oil resistance of asphalt surfaces

eBrown or Black color
eUsed in airport, auto parking, fueling areas.
eMore expensive
4
i
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Chemic Q’mposition of Asphalt

4

\\‘

. “Asphalt is a complex chemical compound composed predominately
oficarbon and hydrogen (hydrocarbon), with a small amount of
heterocyclic compounds containing sulfur, nitrogen and oxygen
* Despite the complexity of asphalt’s chemical composition, it is
possible to be separated intoitwo broad chemical groups:
 The asphaltenes Yo By J! D
V_% « The maltenes: ()_ a2l L- e
VPR  § e Saturated hydrocarbons
 Aromatic hydrocarbons
* Resin
« Any fluctuation in the percentage of asphaltenes and maltenes,
particularly of resins and saturates, influences the viscosity and the
temperature sensitivity of asphalt.

e The fluctuation of the abovementioned substances takes place
mainly during production of asphalt
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Chemic Q.mposition of Asphalt

)
\\‘
Asphaltenes:

* The asphaltene content directly affects the rheological
properties of the asphalt.

T DEBY. WYWW W i TS, W S

\  When asphaltene content increases:
* The asphaltis harder (low penetration and high softening
point)

* The asphaltis more viscous (high viscosity)
» The percentage of asphaltenes in asphalt usually ranges from

5% to 28%
Resins
* They are solid or semi-solid, dark brown in color and strongly
adhesive.

* Resins are dispersing agents to asphaltenes and their

proportion to asphaltenes control the gel/sol type of character
of asphalt.
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Che@l Composition of Asphalt

\\‘

The exact
‘composition of
. ‘asphalt differs, and
it depends on:
® The source
of the crudg

Santa
Barbara

modification | - ‘
during its
fractional

Boscan
The
oncoming
ageing in
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Prod@lon of Petroleum Asphalt

A IN A EBE . I L W O W, I T

rF 4 -y

e Asphalts are the residue, byproducts of the refinery of

petroleum. oils.

Depending on the sources & characteristics of the crude
oils & on properties of asphalt required more than one
processing method may be employed.

Consistency can be controlled by the mount of heavy
gas oil removed.

Consistency can be further modified by air blowing.

Air blowing is used to increase viscosity of asphalt
residue.

Air blowing = Oxidation (i.e. air and high temp.)
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Refinery Operation
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Fractional Distillation of Crude Oil

COOL
Small Molecules: o (25°QC)
Low boiling point
Very volatile
|® Easier to ignite
® Flows easily

v

Large Molecules:

® High boiling point
® Not very volatile
® Harder to ignite
® Does not flow

easily

|
kl

Crude Oil -

—>

| I

HOT
(350°CQC)

Fractionating column
Copyright © 2009 science-resources.co.uk

Refinery Gas < 40°C
————
" sty

Bottled Gas
Petrol
40°C - 205°C
—— ' , Petol
(Gasoline)
Naphtha
60°C - 100°C
— Chemicals
Kerosine
175°C - Jet fuel,
325°C Paraffin for
= lighting and
heating
Diesel
250°C - 350°C
1 Diesel fuels

Lubricating
Oils, Waxes

Lubricating Oil
300°C - 370°C  _

— ¢ and Polishes
Fuel Oil Fuel for Ships,
370°C - X Factories
600°C and Central

— Heating
Residue
> 600°C Bitumen for

Roads and
Roofing




Uses @ituminous Binders
[ 4

\\‘

e See Table 19.1 in Text for typical uses of asphalt.

¢ Asphalt Cement (AC): HMA in pavement base and surface
N in highways, air ports. Parking, ... etc. e, j-’

e Slow-Curing (SC): cold laid and mix in place.

® Medium-Curing (MC): Mixed in place and surface
treatment.

Rapid-Curing (RC): Mixed in place and surface treatment.

e Blown Asphalt: Relatively stiff and not used as paving
materials. Suitable as roofing material, automobile
undercoating, and as joint filler for concrete pavements.

e Asphalt Emulsions: Mixed in place and surface treatment.
L 2 -~ -
\

2 Qg s




Pavin@ﬁ‘bplications of Asphalt

Term Description Application

Hot mix asphalt  Carefully designed mixture of Pavement surface, patching
asphalt cement and aggregates

Cold mix Mixture of aggregates and liquid Patching, low volume road
asphalt surface, asphalt stabilized base

Fog seal Spray of diluted asphalt emulsion  Seal existing pavement surface
on existing pavement surface

Prime coat Spray coat asphalt emulsion to Construction of flexible pavement
bond aggregate base and asphalt
concrete surface

Tack coat Spray coat asphalt emulsion Construction of new pavements
between lifts of asphalt concrete or between an existing pavement

and an overlay

Chip se Spray coat of asphalt emulsion Maintenance of existing pavement
(or asphalt cement or cutback) or low volume road surfaces

Y 4 followed with aggregate layer

Slurry seal Mixture of emulsion, well-graded Resurface low volume roads
fine aggregate and water

Microsurfacing Mixture of polymer modified Texturing, sealing, crack

~ emulsion, well-graded crushed filling, gut filling, %n‘c'l minor
,.:,-no, fine aggregate, mineral filler, leveling Y-
-~ water, and additives
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e Asphalt cement is semisolid at room,U
-or normal temperature (stiff). &2

. ® To make asphalt workable (soften) it
should be heated. &<

e Softening by heating is not fgasible in
all cases. O-‘-;z-‘gé' Sowv o

¢ Inorder to attain workable asphalt _ _
cement at ambient temp, they musta, ’.03\49’;_‘)&‘ |
be liguefied. v

Asphalt is liquefied by two methods: |~ <l
Dissolve (Cut) the asphaltin solvent— |
Emulsify asphaltin water. iy

>




sg@' Cutback Asphalt

N wh ~
Asphalts are mixed with volatile solvents.
Cutback asphalt = AC + Petroleum solvent

W . S

After cutback asphalt is exposed to air, the volatile
solvent evaporates, and asphalt regains its original

characteristics. gy"‘ 4\ ).ge,_/‘:’o . .’J j‘!‘é'a&rv N

e Rate of curing can vary depending on the volatility of
the solvent used (few minutes to several days):

1. Rapid-curing (RC): Gasoline or Naphtha.
2. Medium-curing (MC): Kerosene §& e
3. Slow-curing (SC): Diesel /Road Oil§

citbafisss”)
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Cutback Asphalts

Qb?g’...o '4\_‘:')(}\
RAPID CURING MEDIUM CURING SLOW CURING
(RC) (MC) (SC)
85-100 pent. Asphalt + 120-150 pent. Asphalt + 200-300 pent. Asphalt +
Gasoline or Naphtha Kerosene Diesel Qil
Surface treatment + Road Stockpile patch + Road Prime Coat + Dust
mixing mixing control
30% Solvent RC - 30 MC - 30 SC-70
RC-70 MC - 70 SC- 250
RC - 250 MC - 250 SC - 800
10% Solvent RC - 800 MC - 800 SC - 3000
MC - 3000
AASHTO M81 AASHTO M82 ASTM D2026

Grades based on min. Kinematic Viscosity @ 60C (cSt)
v =K *t(sec)

stoke = St = cm?/sec

Z),’\aél,v_aj\“ IS ,{f’

‘,'

a0
ufv&sb

“asphalt air




Q‘@mosition of Cutback Asphalts

N

_A

30 70 250 800 3000

GRADE

NAPTHA FOR RC
KEROSENE FOR MC ¢ SOLVENT

LIGHT OIL FOR SC
ASPHALT CEMENT i
y 2 15-30 35-70 125-250 400-800  1500-3000

APPRX. FUROL VIS., 140°F, SEC. 30-60 70-140 250-500 800-1600 3000-6000
APPROX. KINEMATIC VIS. 140°F, CS p

\ 30%-solvent IO%}o‘fvent




I@s’ of Cutback Asphalts

Cutback Asphalts used less frequently now and the use of
emulsions becoming more common.

Y V4

1. Env. Concerns (especially with RC's)
Hydrocarbons evaporate into air.

2. Economic - costly to buy 2 petroleum products.
3. Safety - low flash pts - danger of fire.

4. Higher application temp, dry conditions required
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e .It's a mixture ofiasphalticement, water, and emulsifying
agent (1-2% by volume). Ll czs wote AN
e Emulsifying agents place electrical charge around each
: droplet of asphalt.

e Negative (Anionic). ASM L WSO s 5. K

e Positive (Cationic). AW b o b Lo

e Since like electrical charges repel, asphalt droplets stay
suspended in water. SRE R JET Mpe ©

® The emulsion stay in this stable situation until
disturbed by Charge Keeps Droplets Apart - D (S -

<y - “Like Charges Repel”
Mixing with aggregates. P
2. Evaporation of water.
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\\‘
When used (i.e. exposed to air), it
sets or breaks==&us> ST &)
Evaporation breaks the anionic

Electromechanical process breaks
the cationic.

Emulsions are graded based on the
rate of setting:

Rapid Setting (RS)
Medium Setting (MS)
Slow setting (SS)
Anionic emulsions use RS, MS, SS

Never Mix Emulsions

g

Altraction
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ASPHALT
+

WATER
+
EMULSIFIER
1 1
ANIONIC CATIONIC
‘0
® P lad A,
ALKALINE ¢ ACID

- + + -k siLical=)
_.... I LIMESTONE 4.‘... B (Sil. Gravel)
+ -

- +




Emulsions

MEDIUM SETTING (MS) SLOW SETTING (SS)
RAPID SETTING (RS) Road Mix (open-graded) Road Mix (dense)
Tack Coat Slurry Seals
Surface Treatment Egu, Tack Coat
(spray application? Fog Seal

2._3,_;«‘3& | )



s‘Q@ﬁimulsion Grades

\\‘

ANIONIC AASHTO M140 CATIONIC AASHTO M208
ASTM D977 ASTM D2397
\ RS RS-1 CRS -1 more asph than
RS-?((more viscous, more asph.) CRS -2 anionic
MS MS-1 CMS-2
MS-2 CMS-2h
MS-2h

HFMS-1, 2, 2h *
SS SS-1 CSS-1
SS-1h 3 H_l ‘{CSS h \
) *
"h" = harder AC (40-90 pen)S A ¢r M”‘Jx )J bﬁ
[usually 100-200 pen]

*high float emulsions - test to measure property of emulsion residue



A“@%ntages of Emulsions

N\

@ Pollution free (i.e. no solvents required).
. ® Used with no additional heat.

® Less cost than cutback.

® More energy efficient than cutback.

U PG5 Ly o051
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Prope‘@%s of Asphaltic Materials

® Consistency —» ' 2! w_,gx . 1| ¥ .

. ® Durability —p oy

® Rate of curing —p A4 .2s
® Resistance to water action —p (g, (5



@ Consistency

\\‘

® Considered under two con?‘glon S} S _,.i.. ,.,L.

» Variation of Con515tency wit temperature
(temperature susceptibility)
o Consistency of any asphaltic material changes as
temperature changes.

» The change in consistency of different asphaltic materials
may differ considerably even for the same amount of
temperature change.

Consistency at specified temperature
o Consistency of asphalt material will vary from solid to liquid
depending on the temperature.

o Itis essential that when consistency is given the associated
temperature should be given too.

\
\
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§ Durability

¢
~ ‘s~ WS TN I L T . | .
"
, A )

®. When asphalt is exposed to environment, natural
deterioration (weathering) gradually takes place, and
the materials lose their plasticity and become brittle.

e For better performance weathering must be minimized:

e Durability :The ability of asphalt to resist weathering.

e Factors influencing weathering: 3 §3» Jlac
« Oxidation. .o -
© Volatilization.—p ik, (b’ g Suvgysd
o Temperature.—p gL+

+ Exposed surface area_p 33 255,
Age hardening.__y. cy, G ) o

Y V4
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Factors influencing weathering:
() Oxidation

(2. Volatilization

(2Temperatur

(‘1 Exposed surface area

(5 Age hardening



At a given temperature and pressure, the asphalt
oxidizes in two stages:

(1) arapid-rate period followed by
(2) along period with constant oxidation rate.

Constant-rate

» cause hardening and loss of plastic characteristics.
| enVolatilization: <)
evaporation of ltghter hydrocar ons from asphalt Cause loss of plastic

characteristics. _9 ~aty ,‘g,pgu ~A X (pdo U
» Temperature: — cﬁhv.g\vaﬁ b

« higher temperature cause higher oxidation and volatilization... non linear.

‘® Exposed surfacearea:  Jst&asuscer

© as areaincreases rate 01.)x1dat10' and volatlllzatlon increases.

_ GNP Yo o0 ity iy i T DRHr

e if sample is heated and then allowed to cool, its molecules will be
2A%rearranged to form a gel-like structure, which will cause continuous

e hardening of the asphalt over timé even if its protected from oxidation or

¥ 7. volatilization. Rate of age hardening is high in the first few hours but

22 A gradually decrease (negligible after 1 year)a""“’w%@d&v’
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e Oxidation affects the mechanical behavior of the asphalt
and usually reduces the pavement’s service life

\
\

4 \_é . e Reduction of penetratio@ﬂ,%y JJ\ ATy AL

A 3

STV

o InCrease of softening point

P

e 992¢— Reduction of elasticity and adhesion ability
e Increase of friability—>» d'\g\ AL s

e Oxidation is the loss of electrons. ... In terms of oxygen
transfer, oxidation may be defined as the chemical process in which a
substance gains oxygen or loses electrons and hydrogen. When one of the
reactants is oxygen, then oxidation is the gain of oxygen



(American and Canadian English) is the

accumulation of changes in an organism or object
over time.

____________________ e ek — — A — g% i — —————

MY P 2o J8s GV SBANST Y
Asphalt/bitumen properties change over time on
exposure to high temperature and the
atmosphere. This proce

ss is eferrji:i O as ageing.
" Wﬁp < "

ageing is an effect of asphalt hardening with time
caused by |oxidation, heat, UV Lhight.

]
Ovwver the time

Over the lifetime of the road, an asphalt binder

oxidizes and subsequently hardens eventually
causing failure of the road.
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Asphalt binder ageing is usually split up into two

categori%' é,:,@a@ MW

+ Short-term agre;lg: This occurs when bitumen — + ThinFim Oven (TFO)

is mixed with hot aggregates i.e,, during.f‘f.t"‘-‘ﬂe‘ Ley, f"“"’."s“” éI

production and construction shon‘]' zyeing Rollng Thir-Fim Oven (RTFO)
W ¢

« Long-term ageing: This occurs after HMA o Stirred Ar-Flow Test [SAFT)

pavement construction and is generally due to

environmental exposure and loading i.e., during
the life of the pavement

Typical ageing simulation tests are:

- Short-term ageing

v Pressure ageing Vessel (PAV)-— Longtem agein
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Mixing T°

Compaction T° ﬁ
<

Service T°
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\Aging Behavior

N

Fresh road

Preliminarily aged pavement

New asphalt pavement

Absorption;
Volatilization ;
Oxidation;
Photochemical
reaction

Linear crack

Alligator crack

Pavement distresses

Moderately aged pavement

Asphalt aging

and traffic loads

destruction

.o £ V!
Outcrop of rocks
Asphalt aging,
traffic loads
destruction
and
weathering
Asphalt aging,

water and traffic
loads destruction

Rock shrinkage

Heavily aged pavement




3‘@@ Rate of Curing

\\‘

¢ Curing: the process through which an asphalt material increasgs its

consistency as it loses solvent by evaporation s
y solvent by evaporation=—> cyuf b 4 3392

e Rate of curing of cutback:

:?Mkﬁj 4%‘9%99&%9 ey gl ES =R

Volat%g of the solven t———%

W Quan@rty of solvent in the cutbacke——_s 5'(‘8‘ &.’SL
_’

o"mnsistency of the base material—
External factors: W

e Temperature.—% %}3\“ ’

e Ratio of surface area to volume.—» ?mb. ? 3lo

e Wind velocity across exposed surface

Db taep
e Rate of curing of Asphalt Emulsions Eﬂ‘”ﬁj]
. Depend on the rate of water evaporates from the mixture~s ’?‘ b ﬁ';léiﬁ"
Lower curing with high humidity, low temperature, and rain_')’&b.m}gg,
Cationic release their water more rapidly. - ’

o EmAsly I8
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p oo s\ J—\O
I o Its 1mportant that asphalt continue to adhere to
the aggregate even VXLB the > presence ¢ of water.

Rg‘&tance to Water Action

R Ty T

3N o

e Asphalt will strip from the agg%‘ga%e if the bond-¢4.c

is lost which will result in deterioration of the ~ |._
pavement. Ol 1’-51‘”‘”“’ -

Q’Qﬁoﬂ‘.&‘.b
e In HMA stripping does not DO% [y Becuto

e Commercial anti stripping additives are usually
added to improve asphalt ability to adhere to

asphalt. Sdgb o [ 5] A 40 Do

Qs *

‘ —
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B&‘@&fnen Laboratory Tests

3 o 3, AT — .y .- .
Purity Tests: a\zy Durability (Volatility & Aging)
Solubility in Trichloroethylene Tests:
(ASTM D2042) . Thin Film Oven test (ASTM
D 1754 )

Presence of water (ASTM D95) . Rolling Thin Film Oven Test

QL5 DY (ASTM D 2872 )
Conststency Tests: . Distillation of Cutback
Absolute (dynamic) viscosity Asphalt (ASTM D402)
2% “2Ad (ASTM D2171, D4402) . Loss on heating (ASTM D6 )
Kinematic viscosity (ASTM D445
and D2170) Safety tests:
Penetration test (ASTM D5) Flash and fire point test
Softening point (ASTM D36) (ASTM D1310)
Ductility test (ASTM D113) Other tests:
— Specific Gravity (S.G)
.5’ "” (ASTM D70)

Testing Standards:
ASTM : Stands for the American Society for Testing and Materials
AASHTO : Stands for American Association of State Highway and Transportation Officials



Purity Tes{s/ Solubility in Trichloroethylene
5 (ASTM D2042)

)
Y

® Measures the purity of asphalt
. @2wof AC dissolved in 100 ml] of

trichloroethylene and filtered through a -
iberglass filterpac. 580" .@::e;ow
e Amount of material retain‘ed on the filter
is weighed and expressed as % of original
Jgsple. Ol gibao B 50
7. ; c‘fv‘yz‘.‘s’

Ry {(garedd




Solubility in Trichloroethylene
(ASTM D2042 )
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AN
Purity T{\@s / Presence of Water ASTM D95

N

*» —
ASTM D95: Standard Test Method for Water in Petroleum Products and
Bituminous Materials by Distillation

Scope: This test method covers the determination of water in the range from 0%
to 25 % volume in petroleum products, tars, and other bituminous materials by
the distillation method

Significance and Use: - M C:‘\:'“’ ’\é‘;‘iy\é’i’é‘é\ 3\,\.9"-3.".""

knowledge of the water content of petroleum products is important in thej
refining, purchase, sale, and transfer of products. A,8° «\@

» Water present in asphalt cause asphalt to {oai when heated above 100 C.

« The amount of water as determined by this test method (to the nearest 0.05
volume %) may be used to correct the volume involved in the custody
transfer of petroleum products and bituminous materials.

» The allowable amount of water may be specified in contracts.




I
- . ?,/——conomsen
¢ Water content : { )

Asphalt sample mixed with
suitable distillate in a 0OM
distillation flask connected N m

. SCALE(APPROX.)
with a condenser.

Sample gradually heated. RECEIVER

The quantity of water
collected is then expressed |

as a percent of the total /
sample volume. STOPCOCK

GLASS
STILL




Consi@?icy Tests/ Viscosity

N\ o P = T
e Viscosity: the ratio between the applied shear stress
‘and the rate of shear.

. ® Measure of its resistance to gradual deformation by
shear stress or tensile stress. o) Plow 0255U

e The shear resistance in a fluid is caused by inter-
molecular friction exerted when layers of fluid attempt

to slide by one another. }th vic ’('g?.!_ M ¢RI (3 5
e Viscosity is the measure of a fluid's resistance to flow

o) golden syrup is highly viscous PhI£ay 50y hygh ikcaff S5

water is medium viscous \3

gas is low viscous

e

-

ow viscosity

high viscosity
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Consi@gﬁcy Tests/ Viscosity

e. Asphalt viscosity is important to Asphalt Processing:
- Storage and Handling
» Mixing
Compaction
Application (for liquid asphalt )

® Two related measures of fluid viscosity
+ dynamic (or absolute)
-~ kinematic %w’scpsﬁ{y LPC':SJ *
o -l %

' = M2 (L ;i}'nll-i.] I



Absolute (Dynamic) ast™
D21714ASTM, Dapadehrciafore ~o&

is a measure of internal resistance. Dynamic (absolute)
viscosity is the tangentiallfoF€EIpERunit area required to
move one horlzontal plane with respect to an other plane
Fe 0,0 il % ata unit velocity
[t gives you information on the force needed to
make the fluid flow at a certain rate

— +

Kinematicsys,foeces
ASTM D2170/ ASTM D445 4| 5 G ;!

is the ratio of - absolute (or dynamic) viscosity to density -
a quantity in
It tells how fast the fluid is moving when a certain force is
applied

(= Qb sVfeoity Dad

- U-shaped tube with timing marks
& filled with asphalt 2,4 w3 cpasy

- Placed in 60°C bath 9‘#‘*’
- Vacuum used to pull asphalt

through tube Qaédﬁ,..g J%&Su

- Time to pass marks
Visc. in Pa s (Poise =Ps) =
1Pas=1Ns/m?=1kg/(ms)

1 Pa.s=10Ps= 1000 cPs

(WA om, )€ @

+

- Cross arm tube wit timing marks
& filled with asphalt FRPYCINY
=Placedin135°Cbath — 2%;¢y4e

- Once started gravity moves
asphalt through tube desihskende 22 »
- Time to pass marks

1 St (Stokes) = 1 cm?/s

mm? / s = centistoke

= Absolute/ densit§ s !‘“"é/'

Pa.S=1000 cst
aoblwﬂﬂm"

?:.
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Vac}‘{um ‘ l_// «— Fill
- . Line
e Ry
iy Sleoy) R ENY
e SEEVE ZB B e

Asphalt Institute Tube Zietfuchs Cross-Arm Tube

5 2 ke 52,0 Vo)




alvite (dynamic) viscosity test/

ASTM D2171

Calculation: oot -melvratoimtsly mp-d s st remaniy

. . . Capillary VI ter
Dynamic viscosity(Pa.s) — e
N 5 % ¢~ <29 tacometr "l Upeun ™™ Vecoy g, Vicosky Farce
D Bulb B Buls C
4 0.0002 0.DD06 00036 to 008 0.038 to 0.8
g 00006 0.0002 0020 b24 012024
K = Selected calibration 6 02 MM MOMbAS 0N
g
]

f ¢ P 0.02 0.008 0368 561080
. 0.06 0.02 121024 1210 240
dClof[, ( d S/S) 3“{%1 10 02 0.06 361080 36 to 8OO
1" 0.6 0.2 1210240 120 to 2 400
12 20 0.6 36 10800 360 to SO0
13 8.0 a0 12010 2400 1200 to 24 000
_ ﬂ . 14 20.0 6.0 46010 8000 3 60D to 80 000
t =TIlow time (S) 4 Exact calibration factors must be determined with viscosity standards.

& The viscosity ranges shown in this table correspond to a filling time of 60 to 400
&. Longer fiow times (up to 1000 s} may be used.
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@COSlty Grades for AC

poises

AY AC 2.5

ACS5
AC 10

Y AC 20

AC 30
AC 40

‘_‘l'l. LEN WD

250+- 50
500 +- 100
1000 +- 200
2000 +- 400
3000 +- 600
4000 +- 800

Sl —'r ‘JL

Viscosity of normal AC based on 60 °C in

Qilzeo (Ryude DA<

Sl
S AR

More. Sus'nly

0. < S0 _dhsmotsl




Absglute (dynamic) viscosity test/

AST#M

\\‘

— ' -
® . ASTM D4402: Standard Test Method for Viscosity Determination of
Asphalt at Elevated Temperatures Using a Rotational Viscometer
.~ e Scope: e 5}#03\;.}[-' V-SSP 7EN | abls %
This test method outlines a procedure for measuring the
apparent viscosity of asphalt from 38 to 260°C (100 to 500°F)

using a rotational viscometer and a temperature-controlled
thermal chamber for maintaining the test temperature.

e Signifi e and Use: &%-03 ﬁ‘o’
This test method is used to measure the apparent viscosity of
7 asphalts at handling, mixing, or application temperatures.

High temperature ( between 38 to 260 PIC) binder viscosity is
measured to ensure that the asphalt is fluid enough when

pumping and mixing 313)709“" Aa/h‘, w.-p@' o
2oL LAY Agus Zﬁ&&& RS As Y U0 (2



amic) viscosity test/

e Rotational viscosity is determined by
measuring the torque required to maintain a
constant rotational speed of a cylindrical sample
spindle while submerged in a sample ata chamber ™=
constant temperature

spindle

e The torque required to rotate the spindle at a
constant speed is directly related to the
viscosity of the binder sample, which is (_&'t;w Body - 5

determined automatically by the viscometer. _ -
. e 3l 6 e\ oy
e The typical test temperatures for . ¢

Unmodified asphalt binder are 90°C, 105 °C\.’n‘\l‘/ﬁ°;’.’r‘- ’i’ﬁ. wis ‘*

-

and 135 OC, = e I ‘_)é;w,o
Polymer-modified asphalt binder are 135 °C, ' ‘T-' oo ]
150 °Cand 165 °C T Toge §o it
Asphalt em ions is 40° o _ 22

Cut-back and fluxed Asphalt binders is 60 °C S ‘ B

A -



Ro’@nal Viscometer (Brookfield)
e

Torque Motor

Thermosel ‘! - y e
Environmental | 5 | \
> ) n i
Chamber .

ital Temperature

¥ Controller



Absoh%& dynamic) viscosity test/

AS 4402/ Procedure

‘—J 4 A /N 7N
<~ A s v

*..Small volume of heated sample (specified for the spindle to be used) is
placed in the sample cylindrical container, which is then placed in the
temperature-controlled device (environmental chamber).

* The sample together with the appropriate size spindle is left for a
certain period to reach uniform testing temperature.

* Upon reaching the required test temperature, the spindle starts to
rotate at a speed such that the desired shear rate is achieved with a
precision of £10%.

* Readings of torque, viscosity and shear rate are taken after the shear
rate is stabilized for a period of 60 £5 s

 The dynamic viscosity is expressed in Pa-s or in millipascal-seconds
(mPa-s) and is the mean of the two independent measurements,
provided that the values do not differ by more than 10%.

Y V4



ASTMP®

\\‘
Theviscosity at 135°C is reported.

The digital output of the rotational viscosity test is viscosity in units of
centipoise (CP) .cccceevrennnnne 1000 cP =1 Pa:s

Absol dynamic) viscosity test/
4402/ Procedure

viscosity

\

spindle number percent torque

/

[ cP 375 /loco  SP21
J0RPM 135.0 C
(SR 6.8 SP21
20RPM 135.0 C

shearrate temperature

‘_,__.u-r""

% 6.0 sP21
Z0RPM 1350C

(55255 SP21
20RPM 1350 C

\

shear stress motor speed
(dynesicm?)

._;t.:E | (1/sec)




Standard Vigepsity-Temperature Chart for Asphalts

D

-' ~ y . L A R . o e AR S, _A—

 ‘The Viscosity-Temperature Chart is used to determine
laboratory mixing and compaction temperatures

* The laboratory mixing temperatures

[s the temperature where the viscosity-temperature line

: . ~RRe

crosses the viscosity ranges of 0:17 £0.02 Pa=s <—a“b;_,jm A
 The laboratory Compaction temperatures

[s the temperature where the viscosity-temperature line

crosses the viscosity ranges of 0:28#0:03'Pa=s® J; 4 alv)
* The corresponding temperatures may be reported as

A range of values (e.g., 155 - 163 °C)

A single point representing the mid-point of the range (e.g.

159 °C).
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IXing viscosity range (0.17 £ 0.02 Pa.s) or (170 +- 20 CSt)
ompaction viscosity range (0.280 * 0.03 Pa-s) or (280 +- 30 Cst)

0. 25- &.
Q \&- 0+§) °3)
O Viscosity, Pa. s
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1
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. N
2 Mixing
Range
1

7100 110 120 130 140 1507160 170 180 190200

NG Tem
o ' perature, C

62




\ A \ AT}
A N { o el
CTV DALY ! Y
(g iy Ay Ul ¢ 5N
e el w7 b i I
e’ ) - £
%% | J  The Hashemite University R

Viscosity, Pa. s

10
5
1
5 L
3 Compaction
| Range
2 \\‘\
1
100 110 120 130 140150 160 170 180 190200
""”P‘: 3 Temperature, C
cw?a"S”
Mixing-viscosity range (0 + 0.02 Pa-s) o N 1. 90 CS

Compaction viscosity range (0.280 £ 0.03 Pa-s) or (280 +- 30 Cst)



Mi)@%/ Compaction Temps

Viscosity, Pa s
10

N ,,6& O
ZANEAN
Q! 1
5
3
2

—| Compaction Range

| Mixing Range

™~
100 110 120 130 140 150 160 170 180 190 200

Temperature, C

Mixing viscosity range (170 +- 20 CSt)
Compaction viscosity range (280 +- 30 Cst).



Kin&@}ic viscosity test/ASTM D2170

\\‘

ASTM D2170: Standard Test Method for Kinematic
Viscosity of Asphalts

Scope: This test method covers procedures for the
determination of kinematic viscosity of liquid asphalts
(asphalt's), road oils and distillation residues of liquid
asphalts (asphalt's) all at 60 °C [140 °F] and of asphalt
cements at 135 °C [275 °F] (

e Results of this test method can be used to calculate
viscosity when the density of the test material at the test
temperature is known or can be determined.



Kin&@ic viscosity test/ASTM D2170

\\‘

®..The specifications are :?‘1‘ lly at tem%ratu es of 60 and 135 °C
The 60°C temggra’cur(?g,[{"eg%nts tﬁé‘ri{‘z!lximum Hot Mix

Asphalt (HMA) pavement surface temperature during the
summer in the United states

Y V4

The 135°C temperature approximates the mixing and laydown

temperature used in the gonstructiog of HMA pavements
w"‘s“-'e:*gw (35 ~dan

The time is measured for a fixed volume of liquid to flow under
gravity through the capillary of a calibrated viscometer under a
reproducible driving head and at a closely controlled and known
temperature.

The kinematic viscosity (determined value) is the product of the
measured flow time and the calibration constant of the
viscometer.

e Summary of Test Method



Kin&@ic viscosity test/ASTM D2170

values, v, and v,, from the measured flow times, f; and 1,, and
the viscometer constant, C, by means of the following equa-

tion: ~~
101 o ’_—’ 3 lv

(2) .
fa= Filing
Tube - A

where: ‘?'-f\‘
v; > = determined kinematic viscosity values for v; and v,
respectively, mm?/s,
C = calibration constant of the viscometer, mmzfsz, and
t; » = measured flow times for ¢; and 7, respectively, s. 23

S .. ; Feurth Timing Mark - [

14.2 Calculate the dynamic viscosity, 1), from the calculated o &
kinematic viscosity, v, and the density, p, by means of the L '::‘;"; —21;
following equation: Second Timing Mark - G -1

3 Bulb - B 20

n=vXpx10~ (3) First Timing Mark - F —I-

20

where: Fil
7 = dynamic viscosity, mPa-s, =

p = density, kg/m?, at the same temperature used for the

determination of the kinematic viscosity, and
v = kinematic viscositv. mm>/s.

All dimensions are in milimetres.




Consi ency Tests/ Penetration

¥ Test /ASTM D

- -
e ASTM D5: Standard Test Method for Penetratj_on of
Bituminous Materials N SHye \OAJS

N e The distance in tenths of millimeters to which a~’/
;,),‘\P standard needle penetrates the material under known
. ¢\ conditions of time, loading, and temp. (25)
)~ e Penetration grades: (40-p0) (60-70) (85-100) (120-150)
and (200-300) HAet = L -

- -

*
Penetrationin 0.1 m

100 g

b | Lo : 6, Oy Q@)lo,iqs%{raﬁg?"‘l Jqég-ﬁsf."‘i" '

[nitial After 5 seconds



Peﬁration Test /ASTM D5

be 25%C [77°F], 100 g, and 5 s, respectively. Other conditions
may be used for special testung, such as the following:

Temperature, °"C [°F] 3/'.%”"'}" CI:l:?iEu::L g Time, s
0 [32] 200 60
4 [39.2] 200 &0
45 [113] 50 =1
46.1 [115] 50 5

In such cases the specific conditons of test shall be reported.

P U
= 0 jogteel £
K e,




Consi@@ﬁcy/ Softening Point

e ASTM D3§‘§tandard Test Method for Softening Point of
asphalty(Ring=and=Ball Apparatus)s-.2' %
'@ This test method covers the determination of the softening

point of asphalt in the range from 30 to 157 °C (86 to 315

°F) using the ring-and-ball apparatus immersed in Distilled
water (30 to 80°C); USP glycerin (above 80 to 157 °C),
Ethylene glycol (30 to 110 °C)

Sample melted into a brass ring.
Ring suspended in water bath.
Steel balls placed on surface of bitumen in the ring.

Elevate temp. at constant rate.

The temp. at which balls touches the bottom of the ring
after falling down a distance of 1 inch is reported.
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& Softening Point

A\

o

ey

ML [ G

.lo

(d) Two-Ring Assembly

Thermomeater
‘“? —-.,_.;I S

= ]D
L= ce=in I . X Steel Ball
=g semwe

It is the temperature at which an
= -

asphalt cement cannot support the
! ] weight of a steel ball and starts flowing




Relatio ween penetration and softening/ =
3§ point tests

- -
Lol Q32 gt Vsl
The softening point may be estimated from the

| penetration value for paving grade asphalt with
pe S il
e a A
Wherg,[ b€& L & SO fe0 A sl
o tpegls the softenmg point (°C)

o Log (P) is the logarithm (base 10) of
penetration at 25°C

72



Consi%@ﬁcy Tests/ Ductility

U L ay. YO ey
¢ ASTM D113: Standard Test Method for Ductility

of Bituminous Materials

\

® Property of material that permits it to elongate
(undergo great deformation) without breaking.

e Ductility: Distance in centimeters to which a
standard sample may elongate without 1{

breaklng """‘“’Q) o g2 @) Soluwo

® 25°(, 5cm mm

® Spec. +100 cm  — el (}:5,\,\;.5




Ductelometer




Durabl%ty ests/ Thin Film Oven Test (TFO)/

ASTM DN WY
AR o<
ASTM D1754 : Standard Test Method for Effects of Heat and Air on
Asphaltic Materials (Thin-Film Oven Test)
»® TFO test measures the combined effects of heat and air on a film of
asphalt or bituminous binder
e It simulates hardening (durability) characteristic o‘%sphalt binder
oA ring mix production and construction (Short-term ageing )

s The consistency of the material is determined before and after the

“TFO procedure using either the penetration test or a viscosity test
to estimate the amount of hardening that will take place in the
material when used to produce plant hot-mix asphalt.

e The specimen shall have a minimum percentage retained penetration or
maximum viscosity
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Durabllkty ests/ Thin Film Oven Test (TFO)/
s, ASTM D1754

N
Procedures
The quantity of asphalt, 50 + 0.5 g, is placed on a stainless steel or
aluminum cylindrical pan of 140 mm diameter and 9.5 mm wall
height, thus, forming a film of approximately 3.2 mm thickness.

\
\

The oven is ventilated and possesses a rotating metallic tray (of
minimum 250 mm diameter) on the vertical axis, on which the asphalt
specimens are positioned.

After 5 hrs, during which the specimens are constantly rotating at
163 °C =1 °C, '..Z//‘;““‘:’/J

The weight loss, the penetration, softenfng point and viscosity
values of the hardened asphalt are measured

The penetration, softening point and viscosity values after the
;TFOT test are compared to the initial values (before hardening)

') —
Ve SLora 30
-'

-




Rotating Shelf

Dutside of Oven




Rollin&‘fﬁqin Film Oven test RTFO

ASTM D2872: Standard Test Method for Effect of Heat and Air
on a Moving Film of Asphalt (Rolling Thin-Film Oven Test.

Ng *
B T
** Scopé: It has the same purpose as the TFO, but the test

setup was modified to achieve several advantages over the
TFO including : _

« Less testing time gLy M"J‘? Vs

* Ability to test large numbér of samples

« The differences between the TFOT and the RTFOT
methods are: Type of gven used; The quantity of the asphalt
sample; The )ﬁ%}'containers; The duration of rotation and
the absence of applying airflow on the samples.
3 & j 5~



Rollir@m oven test RTFO

Rolling Thin-Film Oven (RTFO): SUPERPAVE Specification
Simulates short-term ageing by heating a moving film of
bitumen in an oven for 85 minutes at 163 °C (325 °F)

. B Rotating Cirgular
o "’ "” Metal Carriage
o . — .

- ol B -
- 3 g.

Figure : RTFO Samples

(left - after aging in the RTFO,
center - before aging in the RTFO,
right - empty sample jar)

Figure : Rolling Thin-Film Oven Test
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Rollir@?hin Film Oven test RTFO

\\‘

ASTM D2872:Test procedures

 The small quantity of asphalt, 35 * 0.5 g, is poured in each special
glass container, and when the oven attains the test temperature, 163°C
+ 0.5°C, the samples are positioned in the vertical circular carriage.

* The carriage assembly starts to rotate at a rate of 15 revolutions per
minute (rpm) by applying airflow at a rate of 4 1/min.

« After rotating for 75 min, two samples are taken out, allowed to cool
and weighed, in order to determine the change in mass.

* The rest of the samples are immediately poured in the same collecting
vessel for penetration and softening testing and, if required, for
determining dynamic viscosity (1).

* The penetration, softening point and viscosity values after the RTFO

(hardened asphalt) are compared to the corresponding values before
RTFO.

Y V4



Préssure'AgeingVessel(PAV) : SUPERPAVE Specification
simulate the effects of'long-term bitumen ageing that
occurs as a result of 5 to 10 years HMA pavement service

e | 20 hows 5. g2

Figure: PAV Sample

Figure : Pressure Ageing Vessel
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7 Asphalt ASTM D407

S
ASTMD402 29020 R Tk
Standard Test Method for Distillation of Cutback Asphalt

& Scope

This test method covers a distillation test for cutback asphalts

e Significance and Use J‘,—é‘)(,\g (&XPY SylA i‘JJI <§.¢{ C’M 15|
This procedure measures the amount of the more volatile
constituents in cutback asphalt.

o Used to separate volatile from nonvolatile substances.
e Summary ofMetho%.‘g,o/% @\Qj auzz,lm_,sy 2
Two hundred milliliters of the sample are distilled ina 500-mL

flask, at a controlled rate, to a temperature in the liquid of 360°C
[680°F],
The volumes of distillate obtained at specified temperatures are



wire gauze
16 mesh

-= Chimney

k-- Stand

Water jacketed =~
Condenser
200 to 300 mm

Not less ~
than 25 mm

Receiver
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Scope: This test method covers the determination of the loss in mass
(exclusive of water) of oil and asphaltic compounds when heated as

hereinafter prescribed s ~ 65
. Cres ) L _)s:;’
Determine % of volatile material. RIFO ) ~,—Z>)L‘ £ -
Significance and Use C};_.‘a'“ 3;69_,-?{« v

This test method is useful in characterizing certaih petroleum
products by the determination of their loss of mass upon heating
under standardized conditions

Summary of Test Method

50 g of material, spread out in a dish 55 mm in diameter, is heated in
moving air (i.e., RTFO) for 5 h at 163°C (325°F)

The percent loss of mass determined along with a comparison, before
and after, of any other desired characteristics.

This test method provides only a relative measurement of the volatility
of a material under test conditions.



sts / Flash & Fire Points

\ 0

e Known as safety test.

. ® Cleveland Open cup.—, J5304) el
e AC heated at specified rate.
e Flames pass across the surface.

e Min temp. at which sparks appear on the

AC surface is reported as flash point.
e For any type of asphalt grade
- Minimum Flash point value should be =175 °C
~ Minimum Fire point value should be=175°C+5°



Saf@ ests / Flash & Fire Points
3~ ASTM 1310

\\‘

ASTM D1310 : Standard Test Method for Flash and Fire Points by
Cleveland Open Cup Tester

B @ Scope: This test method describes the determination of the flash
point and fire point of petroleum products by a manual Cleveland
open cup apparatus or an automated Cleveland open cup apparatus.

e Flash pointis defined as : The lowest temperature corrected to
a barometric pressure of 101.3 kPa ,at which application of an
ignition source causes the vapors of a specimen of the sample
to ignite under specified conditions of test

e Fire pointis defined as: The lowest temperature corrected to a
barometric pressure of 101.3 kPa at which application of an
ignition source causes the vapors of a test specimen of the
sample to ignite and sustain burning for a minimum of 5 s
under specified conditions of test.



Flash. &¥Fire Point Test Appartus
& pp

-

Thermometer

and attached
to gas line



Flash é@‘ire Points/ Significance and Use

* “ The flash and fire points are useful for safety.and @
"~ security reasons for the avoidance of accidents in case
of overheating the asphalt.

The flash point is one measure of the tendency of the
test specimen to form a flammable mixture w1th air
under controlled laboratory COHdlthnS& 2 Ges =

Flash point can indicate the possible presence of hlghl
volatile and flammable materials in a relatively
nonvolatile or nonflammable material. For example, an
abnormally low flash point on a test specimen of engine oil
can indicate gasoline contamination

The fire point is one measure of the tendency of the test
specimen to support combustion
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Specific Gravity of Asphalt
AL ASTM D70

\\‘

@ Specific gravity is'defined asthe ratio of the'mass
of the material at a given temperature to the mass
of an equal volume of water at the sameD |
temperature. o8 \

P K5 P

e Specific gravity determinations dre useful in: o

\
5 Making temperature-volume corrections.

Determining the weight per unit volume of
asphalt cement heated to its application
temperature.
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Q§$'G. of Asphalt Cont.

I e The pycnometer

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




C@llating S.G. of Asphalt

N
e (alculate the S.G. as 1ndlcated in the followmg equation:
d‘tewg\ﬂo./.7< ,\,8’_\’4&@' ,cu""{/'j
; s.G=(C{A) / (B 0] o

where:  Pyen Suc M J DA 75—

B = mass of pycnometer filled with water,
C = mass of pycnometer partially filled with asphalt,

e (alculate density to the nearest 0.001 as follows: _
Y
Density = specific gravity * y,, VZaW- B

—

e where, vy, = density of water at the test temperature.
At 25°C, v,, = 997.0 kg/m3
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P N\t . . .
Class@‘g‘a%on of Bituminous Materials
4
re

I @ See Table 19.1 in Text for Asphalt grades.

. ® Viscosity Graded-Original:
AC-40, AC-20, AC-10, AC-5, AC-2.5.
® Viscosity Graded-Residual:
AR-16000, AR-8000, AR-4000, AR-2000, AR-1000.

® Penetration Grades:
AC-40-50, 60-70,85-100, 120-150, 200-300.

® See Also Cutback and Emulsified Grades.
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Aspha&@nder grading systems

- -
I Available systems ; [ 52
l..® Grading By Che%gf

® Penetration Grading system (ASTM D946)

e Viscosity Grading system based on original
asphalt cement (AC system)

e Viscosity Grading system based on aged asphalt
cement (AR system) A o
e Superpave Performance Grade (PG) system

93
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Pe@ation Grading system

- -
Binders are classified based on penetration test
results

Five penetration grades are specified

Penetration

Grade min. max.

4 =50 40 50

B0=X0 B0 70

B5=100 85 100
120=150 120 150
200=300 2000 300

94




Pe@ation Grading system

- -
The selection of the most suitable grade is based on the

climatic and traffic conditions encountered.

The softest grade (200-300) is used in cold climate,
while the hardest grade (40-50) is used in hot areas.

The system also add specification for:
Flash point test
Ductility
Solubility
Thin film oven aging
e Penetration
e Ductility



for Penetration Graded Asphale” = k&

Cement
Penelration Grade
450 60-10 85-100 f20-150 200-300

Mn Max Moo Maxc Moo Max Mmoo Mac Mo Mex
Penetration &t 25°C [77°F], 100 ¢, 8 0 60 0 & W 0 150 0 30
Softening Point, °C ['F Q1) 4119 R21106) 38{100) 219
Flash poin, °C ['F], (Cleveland open cup Q0[50 . 2000 . 200 . 2008 .. 1B .
Ductlty a 25°C [T7°, 5 cmimin, o 1/ /I I I
Solubilty n tichlorogthyleng, % W . % . % . W . %0
Retaingd penetration atter thin-im oven test, % T | 2 .
Ductity at 25°C [77°F|, 5 cmimin, cm afte thin-fim | TP IR 4

Oven test fest

At ductity at 25°C [77°F is less than 100 cm, material il be aceepted i ductity at 15°C [60°F] is 100 cm minimum at the pul rate of 5 cm/min,

96



JORDAN P SWROLEUM REFINERY CO. LT

Speci @101’150 Asphalt 60-70

The Hashemite University

S.N Characteristics Test Method | Control Limits
1 Ductility @ 25 °C, 5¢cm / min. cm ASTM D113 Min. 100
2 Flash Point °C ASTM D92 Min. 232
3 Penetration @ 25 °C, 100g, 5 sec. 0.1 mm ASTM D5 60-70
4 Solubility in Trichloroethylene Mass % ASTM D2042 Min. 99.0
5 Performance after Thin-film Oven Test_ ASTM D1754
51 | Retained Penetration. —> /{feo * — - £ A % ASTM D5 Min. 52+
5.2 Ductility at 25°C, 5 cm/min. r— cm ASTM D113 Min. 50

" This specification is based on Jordanian Technical Regulation # JS 612:1989, and ASTM D946/D946M-15 for Asphalt- Penetration Graded Asphalt
Cement for Use in Pavement Construction.
“The asphalt binder shall be homogeneous, free from water and foreign matter, and shall not foam when heated to 175°C.

97



4 TheHashemite University

SN Characteristics Test Method Control Limits
1 | Ductility @ 25 °C, 5cm / min. cm ASTM D-113 Min. 100
2 Penetration @ 25 °C, 100g, Ssec. 0.1mm ASTM D-5 85-100
3 | Softening point °C ASTM D-36 Min. 42
4 | Solubility in Trichloroethylene Mass % ASTM D-2042 Min. 99

" This specification is based on ASTM D - 946/946M - 15 Standard Specification for Penetration-Graded Asphalt Cement for Use in Pavement

Construction

98



Viscgsity Grading system based on S ooy KR

ori&%al asphalt cement (AC system)
--

This specification covers asphalt cements graded by viscosity of
original sphalt cement at 60 °C for use in pavement

'-construction. AN 9O _E(g?d WY sPre ol

Six penetration grades are specified

_ V% | Grade Viscosity, 60°C, Pa-s
,‘2\;\0"9
N\, |AC25 25+ 5
R
b—’ AC-5 50+ 10
AC-10 100 £ 20
AC-20 200 x40
AC-30 300 60
AC-40 400 = 80
100




@COSlty Grades for AC

S

o K}
,

: poises
3 AG25
st ACS
AC 10
YV AC 20
AC 30
AC 40

- 4 A 1 ‘_‘l'l. LEN WD

250+- 50
500 +- 100
1000 +- 200
2000 +- 400
3000 +- 600
4000 +- 800

W AN B . UL, T R . W R RN U U A R | —

V& S

Viscosity of normal AC based on 60 °Cin

Qilzeo (Ryude DA<
Sga Wl
S AR

More. Sus'nly
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Viscosty Grade

Test
AC-25 ACS AC-0 AC-20 AG-Y0 AG-40

Viscosity, 60°C [140°F), Pass 25 5010 100420 20040 300 + 60 400 + 80
Viscosty, 135°C [275°F), min, mm’% B0 10 150 Al 50 il
Penghration, 25°C [77°F], 100 g, 65, min 200 120 1 § 3 2
Flash point, Cleveland open cup, min'C ['F] ~ 165(326] ~ 175[360] 220 [42) 230 [450) 230 [450] 230 [450)
Soluiity n richlrogthylene,” min, % 990 9.0 9. 9. 9.0 %90
Tests on residue from thin-fim oven test

Viscostty, 60°C [140°F], max, Pass 125 20 500 1000 1500 2000

Ductt, 25°C [77°F), 5 omimin, min,cm~~ 100° 100 50 il 15 10

“Solubity in N-Propyl Bromide can be an aterate method to Solubilty in TOE.
® 1 uctty i lss than 100, mterial wil be acoepted if ducty at 15°C [60°F) is 100 minimum at & pullate of 5 cinin




Viscosity Gedding system based on aged asph&yt ==k

N
gg cement (AR system)

\\‘

e This specification covers asphalt cements graded by viscosity of
aged asphalt cement at 60 °C for use in pavement construction.

Tests are performed on Residue from Rolling Thin-Film Oven

Y V4

e Six penetration grades are specified

Grade Viscosity, 60°C, Pa-s
AR-1000 100 £ 25
AR-2000 200 £ 50
AR-4000 400100
AR-8000 200 £ 40
AR-16000 1600 £ 400

104



Requirementgd¥ Asphalt Cement, Viscosity Graded at
60°C Base(@ esidue from Rolling Thin-Film Oven Test
o

S N\
Tests on Residue from Roling Thin-Fiim Oven Viscosty Grade
A

L RAOD AR AR ARSI AR-f6
Viscosty, 60°C [140°F], Pavs 100 £25 200 £ 50 400 £ 100 800 £ 200 1600 £ 400
Viscostty, 135°C [275°F], min, mm?ls 140 20 275 ) 550
Penetration, 25°C [77°F], 100 g, 5 5, min 65 A0 25 2 2
% of original penetration, 25°C [77°F, min .. | 4 0 52
Ductiity, 25°C [77°F], 5 cmimin, min,om~~~100° 100° 7 7 75
Tests on original asphalt

Flash point, Cleveland open cup, min, °C 205 [400] 220 [425) 225 [440] 230 [450] 24( 460}
[F]

Solubilty n lri{:hIoroethylene,C min, % 99,0 99.0 99.0 9.0 99.0

AThin-fim oven test may be used but the roling tin-fim oven test shal be the referee method.

9 1f ductity is less than 100, materal wil be accepted if ductity at 15°C [60°F] is 100 minimum at @ pul rate of 5 cmimin,
C Solubiity in N-Propy Bromide can be an altemate method to Solubilty in TCE..
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Viscosity, 60C (140F)
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Penetration Grades
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Table 5.5
Summary of the Superpave Test ancl Requnrement

Qo’r‘ﬂwF e Ruting)

Test
- Mok gy WOSAE

Aging
Test
Temperature
T M? Vaydde

Condition
VLG5 ssy,
G

(Example: For

+4

(64°0) (25°C) (~12°C) (-12°0)

PG 64-22)
Parameter - IG*|/sins |G*|/siné IG*| x siné S(t=60 m(t=60 &
sec) sec)
Requirement <3Pas (= 1.0 kPa) (> 2.2 kPa) (< 5000 kPa) <300 MPa >0.3 > 1.0%
64 +‘(‘210:). +Y

2) 109



Sup@ave Performance Grading

I Grading System

Absles 117

PG 6422

\

Performance ~Average 7-day  Min pavement
Grade max pavement  design temp
design temp

tp://rahabitumen.com/performance-grade-pg-bitumen/ 1 1 0




The PG grading system is based on Climate

Meets all
requirements down

to this temperature
Meets all (°C)

requirements up to

this temperature
('C)

Performance
Grade

111



Supee Performance Grading*
»

High Temperature, °C
32 8 b4 70 76

: o 6 | 5216 | 5816 | B416 | FOME | 7B-16
E 22 | B222 | BR-22 | B4ZZ | V0 | B2
2
@ 28| 5228 | 5828 | 6428 | 7028 | 7B-iS
E
= 34| 5234 | 5334 | G434 | 7034 | 763
E L Fe+Y0 =6 AP
= A0 | 5240 | 5340 | G440 | Y040 | V640 .
2 | mplffiBebler
= Crude Ql
= High Cluality Crude Ol
= Modifier Reguired—— Jo~e aft~pim L
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TABLE 9.2 Binder Grades in the Performance Grade
Specifications ,
High Temperature Low Temperature

Grades (°C) Grades (°C)

PG 46 —34, —40, —46

PG 52 —10, =16, —22, —28, —34, —40, —46
PG 58 =16, =22, =28, —34, —40

PG 64 —10, =16, —22, —28, —34, —40
PG 70 =10, =16, =22, —28, —34, —40
PG 76 —10, —16, —22, —28, —34

PG 82 -10, =16, —22, —28, —34
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Fundamental
. ?mflﬁ Climate | Traffic Stnr::url Properties
Y8 5 Measured

Penetration
Viscosity v v

PG v v v v v
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e Elastic behavior —

Returns to its original

shape upon unloading Stress

Y V4

e Such as arubber

w\@ S”}',-aun O'J Jua Lt’Jj"* Time
f | . '
% LUEEIIFIQ Stram
& Unloading -
Tunc

Strain DJ‘ S‘}-&Swj W l‘o"é /
| gt asd s

Image source: https://www.open.edu/openlearn/science-maths-technology/science/chemistry/introduction-polymers/content:
A



IQE

\

astic behavior

Instantaneous

response to load
e Suchasarubber

Stress

Loading

Unloading

Strain

Elastic: 6 =0 deg
T

max

Applied |
Shear t+
Stress

llilrl'l'li'.l

Resulting _
Shear r

strain




Viscosity is a measure of a Siress
fluid’s resistance to flow. > :

\ e  Afluid with large
viscosity resists motion.

o A fluid with low viscosity Time

flows.

o For example, water
flows more eas.ily than C‘Etmf" ’
syrup because ithasa ‘Bfa_ '
lower viscosity

Viscous flow is not é Time
recoverable o (=== ) J.;' v LA

(e e 6 f P
e When the stress is

removed from a viscous
fluid the strain remains

Image source: https://www.open.edu/openlearn/science-maths-technology/science/chemistry/introduction-polymers/content- 7
section-5.2.2



Viscous: d = 90 deg

TI'I'IHI

\\‘

Viscous Behavior
; response Hie
/time ag=At =5
-
) time
Image source: https://www.wikiwand.com/en/Dashpot - ’Ymﬂ]




https://www.researc

Viscoelastic : 0 < & < 90°

1 - [ fm gés‘}/c - l

Viscol

r
i
At = timelag — o ¥
. 1_r|. - min mm
hgate.net/publication/275353265_Predicting_Complex_Shear_Modulus_Using_Atrtificial_Neural_Networks 9



Applied |
Shear t+

Stress

Resulting -
sheart

Strain

Elastic: 6 =0 deg

T

max

llilrl'l'li'.ll

Viscous: 6 =90 d

Tmin:
time
s lime lag = At
WA
+ time

TI'I'IH]!
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AL

Viscoelasticity b
is the property

of materials Iress

Y V4

that exhibit l j

both viscous
and elastic
characteristics

when Strain /// k
undergoing (-1 J

deformation

Time

SOGC—

¢

—

»

Time

Image source: https://www.open.edu/openlearn/science-maths-technology/science/chemistry/introduction-polymers/content- 1 22
section-5.3
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How Asp@?Behaves / Viscoelastic Behavior
»

&N
Viscoelasticity is the property of materials that

exhibit both viscous and elastic characteristics

when undergomg deformation Viscoelastic Model

Viscoelastic Materials

Have both elastic and viscous response Sprg'ngi
models
Have delayed response elasticity
Deformation depends on
e Duration of Load Dashpoft
o Rate of Loading models

o Temperature




*max |

How As 9\-3\‘ Viscoelastic: 0 <0< 90°
@ Applied
: Shear ! |
Stress ; ,-f time
‘Have delayed

response

— ""_ﬁ’[

At = time Iag:»ﬁ

Resulting

Shear ,
Strain We




How As

4

elastic

viscous

/ 0 B 6 135
Ng;, Syba s Temperature, °C




How As@ Behaves/ Temperature Depend
¢

Y V4

elastic

viscous

Stiffness (Response to Load)

#  The Hashemite University . S

AL

Viscous behavior
In hot conditions

under sustained
loads (e.g., slow

(e.g., desert climate)

moving trueks)
X

viscous
elastic fluid
solid
25 60 135

|
}l -30
Elastic behavior

In cold climates (e.g., winter
days)

Under rapid loading (e.g., fast
moving trucks)

Temperature, °C




Asphalt Behaves/ Time of Loadingt./ s

w
N Dependency

4
\\‘

Ho

0 A cause

Adapted from
Likes, R. 8., Viscoelastic Materials,
Cambridge University Press, (2009).

Y V4




Parameter

Rutting
resistance

(Section 2)

Workability Moisture

. 2
resistance

(Section 3) (Section 4)

Thermal
cracking
resistance

(Section 5)

Stiffness

(Section 6)

Load-related
cracking
resistance

(Section 7)

Binder
(Subsection 1)

Higher binder content

1

]

<

)

Harder binder
SBS modified binder

Binder aging

e AR

Aggregates
(Subsection 2)

Higher filler content

Higher coarse aggregate angularity

Higher fine aggregate angularity

Higher surface texture

cEeEleeE

Stronger aggregates

INEL b 2

//
L

X

More cubical shape

Coarser gradation

N,
2

x

Larger nominal maximum aggregate size (INMAS)

ds/advanced

ir voi

A

Higher air voids

Higher RAP content (no treatment)

x

€ 3| ervy Dy

212|448 e v

Poor blending between RAP and virgin binder (and
rejuvenator)

WMA technology (at HMA temperature)

x

5

L&Y

X

i LAY
4
W

WMA technology (with temperature reduction)

¢4 € B s

s
KK ¢ b

by
| '9”@ technologies (Subsection 3)

Y
<

I

M

o ol %

usually increases
may increase
usually unchanged
may decrease

usually decreases

result highly dependent on other parameters (see respective section for details)

|:b' larger arrow size indicates parameters of higher importance

“ authors judgement (effect was not found in literature)

Footnotes:

resistance to studded tire wear is likely increased at higher binder content (section 2.1)

2 aggregate source is the main parameter affecting moisture resistance (section 4.2)

when using waxes, reduction of thermal cracking resistance (section 5.3) and top-down cracking resistance is possible (section 7.3)
4 stiffness increases to a certain bitumen content after which it reduces (section 6.1)

3 fatigue in strain (first arrow) and stress (second arrow) control mode (section 7.1)

° top-down cracking resistance will usually decrease with harder binder (section 7.1)

Image source: M. Zaumanis, L.D. Poulikakos, M.N. Partl , Performancebased design of
asphalt mixtures and review of key parameters. The address for the corresponding author
was captured as affiliation for all authors. Please check if appropriate. Jmade(2017),
https://doi.org/10.1016/j.matdes.2017.12.035
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Image source : https://www.whichcar.com.au/car-style/12-cartoon-cars
https://in.pinterest.com/pin/433541901607683832/


https://www.whichcar.com.au/car-style/12-cartoon-cars
https://www.whichcar.com.au/car-style/12-cartoon-cars
https://www.whichcar.com.au/car-style/12-cartoon-cars
https://www.whichcar.com.au/car-style/12-cartoon-cars
https://www.whichcar.com.au/car-style/12-cartoon-cars
https://www.whichcar.com.au/car-style/12-cartoon-cars
https://www.whichcar.com.au/car-style/12-cartoon-cars
https://www.whichcar.com.au/car-style/12-cartoon-cars
https://in.pinterest.com/pin/433541901607683832/
https://in.pinterest.com/pin/433541901607683832/
https://in.pinterest.com/pin/433541901607683832/
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Some Typical
‘Load
Equivalency
Factors for
Vehicles on the
Heavily Loaded
Latvian Roads

and Bridge Engineel
ENG. 5. 38-42. 10.3846/bjrbe.2010.05.
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High
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Traffic Load and Speed




How Asphglt Behaves/ Time- =)

Temp ﬁure shift (or superposition
& BW Denavior ol an

asphalt could be the >~ ’
same for G-‘-&ij"‘"ﬁﬁe)i J£ H-"J""
One hour at 60 °C 1 hour

10 hours at 25 °C

The behavior at high
temperatures over short ars->
time periods is
equivalent to what
occurs at lower
temperatures and
longer times.

This is often referred to

as the time-temperature
shift or superposition
concept of asphalt
cement 134

\
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The effe

time ari

Stiffness modulus (PPa)

1010

106

Penetration = 3 dmm
Softening point = 64.5°C

_Pl=-23

=

S

| | ]

temperature and loading ‘-~

]

100100 102 107

1 10 10 10° 104
Loading time (s)

the stiffness of low PI asphalt

PI: penetration Index.
The value of PI ranges
from around -3 for high
temperature
susceptible bitumen to
around +7 for highly
blown low temperature
susceptible (high PI)
bitumen.

P gl (v
A
2 LIPETP

==
-

135



High Te

erature Behavior

g il
| | | |
e e - =
L) ‘ e . _ Al |
s : - ey [
BN = s~ — —_—
!

e _Asphalts cements behave like
viscous liquids and flow.

In hot conditions

e Desert climate )(
Under sustained loads

e Slow moving trucks

// SHOULDER
A s s b L LISSLSSLL




Low Ter@rature

Behayi

© A§\phalt cement
behaves like an

. elastic solid N

In cold climates
e Winter days

Under rapid loading =T i
@ 12@_.._“ 20 mm

e Fast moving trucks Te
Traffic
5 mm 4mm ) _
ge
Stripe

Note: Rate entire crack at highest level
present for 10% or more of total
crack length

Distress type 6, Low severity




Interme emperature

e Asphalt binders
exhibit the
characteristics of
both viscous liquids
and elastic solids

Most T —
environmental T w
conditions lie " .
between the L o
extreme hot and -

cold situations LTI,

Stripe

138
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v Pavement Materials & Design
(110401466/2104011466)
Aggregates

Instructor:
Prof. TALEB M. AL-ROUSAN

Source:

Chapter 15-8: Highway Engineering, by Paul Wright & Karen Dixon, 7!
Edition, Wiley & sons

Chapter 3T Hot MiX ASph3 Ftlure DESign anc
Construction, by Robert, Kandhal, Brown, Lee, and Kennedy, 274
Edition, NCAT



Higl%ﬁy Materials/ Aggregates

I ® Aggregates are granu’far mineral partlcles
that are widely used for highway bases,

subbases, and backfill. o

® Aggregate are also used in Com%lnatlon
with cementing materials (Portland
cement and asphalt) to form concretes
for bases, subbases, wearing surfaces,

and drainage str%ctures\

() T
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sg\\ﬁggregate Sources

&N
Qe 5200
® Natural deposits of sand and gravel.

. ® Pulverized concrete and asphalt ( _u,as,u,)

pavements: A-3concdl s

® Crushed stone g\ ST
e Blast furnace slag

5
@4\4@) Sﬁo‘éf‘wés’ —




Q@%’gregate processing

N\
I e Excavations .o»

. @ Transportation iz

e Crushing .S~

e Sizing > Qs olao) A (o gigren S
o Stockpiliné (Su.

(G2) dsicr
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-

I@perties of Aggregates

\

Particle size and gradation.

Hardness or resistance to wear.sts.ous
Durability or resistance to weathering.
Specific gravity & absorption.

Chemical stability

Particle shape and surface texture.
Freedom from deleterious particles or

substances.  sin b o lants



I@tlcle Size & Gradation

J ) = F’A =
e. Gradation: Ble nl;g of particle sizes in the mlx% ka.s

e (Gradationattects: Density; Strength; Workability,
Durability, Stability, Stiffness, Permeability, Resistance to
water damage, Fatigue resistance, Friction resistance, and
Economy of pavement tructure

e Particles are separat ‘e@ analy51s (ASTM C136 /
C136M - 19 Standard Test Method for Sieve Analysis of
Fine and Coarse Aggregates)

e Sieve analysis: Determination of particle size distribution
of fine and coarse aggregates by sieving, expressed as %.

e (rain size analysis data are plotted OW
chart. Using the gradation chart engineer can determine a

preferred aggregate gradation that meet spec..

—
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- P o A A ) <4 -,
O 3= = -

- A} )

Y - |} —_—

‘ -



é&hﬁo‘)‘api’_ge, ~aFle o - é;’.&u' o
$ac 30,8 abill. &Y s

I sl 2t gt Grecdehion N
e

*Gtgh.ow.g’,ﬁ.‘!-' Qo ol QC’MJ:?'\;.&LJ

Sl i Gl go KXY D

25 \J_merd. | — ‘ﬂck\ﬂ/fzfn CJ:.P-'J



10 mm
R .
18 mm

i
4.75 mm
2.36 mm

leve
; 1%
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vibration drive




&N
Aggregate .

Aggregate classifications- by size'based on
J ASTM standard

» Coarse aggregate: Y o » o
% Aggregate retained on Sieve No. 4 (4.75 mm)

r Fine aggregate:

< Aggregate passing Sieve No. 4 (4.75 mm)
-and retained on Sieve No. 200 (0.075 mm)

» Mineral fillers/dust/fines: Sl Mo
Aggregate passing Sieve No. 200 (0.075 mm)

In Pavements @

Coarse : Retain # 8 \
Fine : pass # 8 Retain #2200 a! %10 v
Fines : pass # 200
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- Sieve Analysis: -

' % Passing by Weight

i e \é 1" (25.4) 0 100 100 100
0"" " =
- 3/4" (19.0) s 10065/ 100 100 100
af‘i:o NN/ 12.7) 39 wl| 98 100 100
. 5 W 3 32 100 100
e No. 4 (4.75) 1 4 18 100
DI No. 8 (2.36 3 4 66
(Size, mm) : 8. 82,35 -
No;:z-(;j.;)}// 1 3 4 38
/ﬁ”” (—_No.50/0 1 3 4 24
?f , No. 80 (0.18) 1 3 3 20
|  No. 200 (0.075) RE | Mg 19 14




%@?ypical Gradations

\\‘

2 L_,z..ﬂ 2 %1
e Dense or well-graded: Refers to a gradatlon that is near maximum
density. The most common HMA mix designs in the U.S. tend to use

dense graded aggregate.

: . ® Gap graded: Refers to a gradation that contains only a small
c ercentage of aggregate particles'inthe mid-size range. The curveis
at in the mid-size range. These mixes can be prone to segregation
durmg placement.

\g’" Open graded: Refers to a gradation that contains only a small

percentage of aggregate particles in the small range. This results in
more air voids because there are not enough small particles to fill in
the voids between the larger particles. The curve is flat and near-
zero in the small-size range.

?o Uniformly graded: Refers to a gradation that contains most of the
particles in a very narrow size range. In essence, all the particles are
the same size. The curve is steep and only occupies the narrow size
range specified.



http://www.asphaltwa.com/wapa_web/modules/07_construction/07_seggregation-td.htm#segregation
http://www.asphaltwa.com/wapa_web/modules/07_construction/07_compaction.htm#measurement
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No. 100  No. 30

Mo, 200( No. 50 No. 16 No. 8 Mo, 4 3/B-inch 1 2-inch 3/ 4=inch
100
Choose a Gradation
B‘D ~ s—
N
gngl@’ )
Dense Gradatiunﬁ
g
‘n 60 ) i
m Uniform Gradation
a
=] -
5 Open Gradation
8]
g 40
a
/ Clear All
20
//“" / Show All
7~ /
'S
a7

1]
W 0.30 mm 118 mm 236 mm 4.7% mm 98mm 125 mm 19,00 mm ,
" I'd
20 & 0asmm 0s0mm ¢ ,
\" - )35' Sieve Size

N
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@‘pes of Gradations

* Unf?(‘)rmly graded

05 ',g,aL, 7|
Few points of contac o
é’\w H‘ dent)

> S“Poor interlock (shape de
‘iJ y<¢— High permeability

* Dense or Well graded
- Good interlock

- Low permeability

* Gap graded—> _ra'seé)_., bl

- Only limited sizes
- Good interlock
- Low permeability




Sieve No. Sieve Size |Wt. Retaiqed Q) % Retained ‘Retained Passing
(Wt. ret./ Total) 100 -
inch mm MW"’M’ 100% tJ Sum % Retained |Cum. Ret.
15" 3/7.5 0 0 100
T 25 0 0 0+0 100
314 19 25 25 <-T5 2.5 97.5
T 25 U — 75 575
oIk 0 20 — ——— 195 505
77 i TS P I = T
73 236 TI0,, T, 0504
#16 1.18 125, 125, 62/5',¢, c | 3to%olS
#30 0.6 145 145 77 23
#50 0.3 115 115 88.5 115
#100 0.15 75 75 96 /]
#200 0.075 30 3 99 1
Pan Pan 10 = 1@ 0‘
Total 1000 \ J<0100 10 /vicg“f-” —J
o.o\gv’@m M_é\?

Graddes® €



°“§adation Chart Data

— WS
Sieve Size | Log (Sieve Size) | (Sieve Size)*0.45 | Cum. % Passing
mm 100 - Cum. Ret.
37.5 1.57 5.11 100
25 1.40 4.26 100
19 1.28 3.76 97.5
12.5 1.10 3.12 92.5
9.5 0.98 2.75 80.5
4.75 0.68 2.02 61
2.36 0.37 1.47 50
1.18 0.07 1.08 37.5
0.6 -0.22 0.79 23
0.3 -0.52 0.58 11.5
0.15 -0.82 0.43 4
0.075 -1.12 0.31 1
Pan 0

Pl ISt Y M o\ Q2 b5 Vsl ¥



S‘Q@' Gradation Chart

F‘\

_ i 100
- Gradati

90

80

70

60

o0

40

/ 30

/ 20

./ 10
0

3
0.00 1.00 2.00 3.00 4.00 5.003 L 6.00
(Sieve Size)n0.45

Cumulative % Passing




S@% Analysis Example 2

. ™\

d Asieve analysis test was performed on a sample of fine aggregate and
produced the following results

Sieve, mm 475 236 200 118 060 030 0.15 0.075 pan
Amountretained,g 0 332 569 831 1514 404 720 583 156

d Calculate the percent passing each sieve

o Draw a 0.45 power gradation chart with the use of a spreadsheet program.



S

Percent passing each sieve

Qs J£18.2 3 VAL cumulative
Amount Cumulative Percent Retained Percent
Retained, @ Amount (c) = (b) Passing*
Sieve size g(a) Retained,g(b) X 100/Total  (d) = 100 — (c)
2 N |
4.75 mm (No. 4) 0 0 0 230 4, 100
2.36 mm (No. 8) 332 , 332 67— 94
2.00mm (No.10)  56.9 90.1 1g 5kl 82
1.18 mm (No. 16) 83.1 173.2 34 66
0.60 mm (No. 30) 151.4 324.6 64 36
0.30 mm (No. 50) 40.4 365.0 & 29
0.15mm (No.100)  72.0 437.0 86 14
0.075mm (No.200)  58.3 495.3 96.9 3.1
Pan 15.6 510.9 100

Total 510.9



S@ Analysis Example 2

I, N\

Draw a 0.45 power gradation chart X ;e A {)J{s <L, laé\ X
o .
. 2 3 S j‘} \aj(s\ze) Lol ~ 5‘;‘
100
Sieve to % }/’,.
Sieve Size the0.45 Percent 80 /
(mm) Power  Passing | -, //
=
4.75 2.0 100 £ /
2.36 147 \ 94 E " /
2 137 | 82 " A
.18 108 | 66 . N
0.6 0.79 36 o ¥
0.3 0.58 29 ; /
0.15 043 | 14 ge g g & 8
0.075 0.31 3.1 = SievelBiE
» R L.
~ 73' b sa0 Ll (y

975 Lgnis w9 L | (ndylc



M@um & Nominal Max. Agg. Size

I, N\

Maximum Aggregate Size

J Two parameters are used to represent the maximum aggregate size
1. Nominal Maximum Aggregate Size (NMAS)—» 90 J‘; Jesre Ji-,ol

*

% isthe smallest sieve that retains some of the aggregate particles but generally not more than
10 percent by weight ( according to ASTM standard)

2. Maximum aggregate size—» 100 Ly yoy J=e on |

<+ The smallest sieve through which 100 percént of tHe'aggrégate sample particles pass ( or
retained O ) ( according to ASTM standard)

According to the American Association of State Highway and
Transportation Officials (AASHTO) & SuperPave, the Nominal
Maximum Aggregate Size (NMAYS) is defined as:"One sieve size

larger than the first sieve that retains more than 10% of the total
regate sample.”




Sieve Size (mm)
2 mm

190 mm
125mm

95 mm

4.75 mm

Percent Passing (%)
100%

95%

62%

02%

44%

Retained (%)

0%

Y

18%

35%

0%

NMAS Decision

(Maximum Aqgregate Size)

NMAS =19.0 mm



Gra@%on Specification Limits

Gradation specifications (limits)

J Gradation specifications is used to define maximum and minimum cumulative
percentages of material passing each sieve

Sieve Percent Passing
9.5 mm (3/8") 100

4.75 mm (No. 4) 95-100
2.36 mm (No. 8) 80-100

1.18 mm (No. 16) 50-85

0.60 mm (No. 30) 25-60

0.30 mm (No. 50) 10-30

0.15 mm (No. 100) 0-10




Gradation Sp\ecifications——v 9

Representat/ve Gradation Specifications for surface Course

| kﬂwqﬂ}“

100

B

Percent Passing

]

20

No. 100 No. 30
No. 200| No. 50 No. 16 No. 8

No. 4

3/8-nch  1/2-nch

3/44nch  lsnch

1.5-inch

P

/

100

10

y

/

4

3

Suoly VIR ¢ 7

P
lier’ IW“ Q‘é
/ " Sieve Percent Passing
1 // e 9.5 mm (3/8") 100
= 4.75 mm (No. 41y 95-100
o ?—M&?’B L : 80-100
0.07Smm{ 0.30 mm | LiEmm  2.36 mm 4.75 mm 9Smm 125 mm 19.00 mm 25.00 mm 37.5 mm 718 mm (No. 16) 50-85
0,15 mm 0.60 mm 0.60 No. 30
Sieve Size mm (No ) 25-60
0.30 mm (No. 50) 10-30
0.15 mm (No. 100) 0—-10

S

S\
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All possibﬁ\@mbinations fall between A and B
4

N

Percent Passing, % L0 I A .
100 4 . _ . - _-... = -,‘--- ¢ . %
\ 207 Gradation B?J ‘ -———-""’7 '

80 A D

70 - %,0‘&/

60 - .

s0 1 Q¢ " 2
40 A / Gradation A
30 A

20 A

101"/ _~ ;

0 F——1 | Iv( i i | I

0.075 0.3 1.18 __ ‘ 4.75 9.5 12.5 19
| -L[Ul % leve mIx
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nt Passing, %

100 -
90_
80 -
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40_
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No poss@ination of A and B will meet spec.
4

Y V4

N

Percent Passing, %

100 ~
90 ~
80 A
70 A
60 -
50 A
40 -
30 -
20 A
10 ~

Gradation B

/"

Gradation A

/ )
’é“ 2220 5,
ControlLyoints for r‘ _/ .

ol i R
1nam:2;z; /{/gﬁ’\*)\?

o l> o

0

P—— | | | | ! |
0.075 0.3 1.18 4.75 9.5 12.5 19



All poss. COJRLY ations pass through cross-over point

Blends ceiddining more A than B will be closer to A
4

Percent Passing, %

100 Gradation A < ool
90 %""‘“’f*”."’@j o) ~dn py e 2y P oo n 01
801 Al S

70 -
50 - anlpb__f SIS ¢ /

0 | wsisilo elas, )" ’ Gradation B
io[ AXYe P

Y V4

40 - Js‘”’-"*’" / QAa0\y s\ 5L
30 - sixe - %QM;
i Control points for
20
12. 5 nominal max. size
10 1 .
0 S | | | | | |

0.075 0.3 1.18 4.75 9.5 12.5 19
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sg@esistance to Wear

- -
I @ Material should be hard & resist wear due to:

1. Theloading from compaction equipments.

2. The polishing effect of traffic.
3. Internal abrasive effects of repeated loading. ., _ E

® Measure used for hardness of aggregate i§“€6’s\°§’ 5\
Angeles (LA) abrasion test.

e ASTM C131 / C131M - 20 Standard Test Method
for Resistance to Degradation of Small-Size
Coarse Aggregate by Abrasion and Impact in the

NS Anoeles Machine
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s&t A Abrasion Test

N\
I ® Insert aggregate sample in a drum that rotates
L.~ 30-33 rpm for 500 revolutions with steel
|  spheres inside as an abrasive chaig_e_./ s Lo Wz
® var Hi%%oved & sieved @ #12 sieye.
e, Retained material are washed and ‘a‘ﬁé'at_«'@sgg

e Difference between original mass and final mass
expressed as percentage of original mass is
ted as Y%owear.

ot 5 Al Qb AL
® %wear = [(Original - Final)/ Original] 100%

1D A dasole R Blo &) F A



s‘g@' LA Abrasion Test

- Approx. 10% loss for extremely hard igneous rocks
Approx. 60% loss for soft limestones and sandstones




Durability & Resistance to

therin Soundness Test

Cotse Sl
Soundness Test AASHTO T104, (ASTM C88 / C88M -

18 Standard Test Method for Soundness of Aggregates by
Use of Sodium Sulfate or Magnesium Sulfate) A5 \3U5 .

Measures the resistance of aggregate to disintegration in
a saturated solution of sodium or magnesium sulfate

(Na,SO,, MgS0,>lean
[t simulates the weathering of aggregates that occur in
nature.

[t measures resistance to breakdown due to crystal
growth.

. 0 __.
specify m.ax Yo loss after X cycles /\,’\é el 5 b5
o typical 10-20% after 5 cycles -

N\
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Speci@%ravity & Absorption

S\ =P Ny VO o\ s s
e ASTM C127 - 15 Standard Test Method or Relatlve Density
(Specific Gravity) and Absorption of Coarse Aggregate

' ASTM C128 - 15 Standard Test Method for Relative Density
(Specific Gravity) and Absorption of Fine Aggregate
e Required for the design of concrete & bituminous mixes.

e S.G.: Ratio of the solid mass to that of an equal volume of
distilled water at a specific temperature.

e Due to permeable voids in aggregates, three types of S. G. are
defined

© Apparent (G,) nef Va’“”'e'(\seast.«." vl wl,ow)
© Bulk (oven-dry) (Gg,)
» Effective (G,,)

o\Gsb < Gse< Gsa



A@?egate Specific Gravity

. F)A\sReay < Permeable Void Portion
U/’ ’ Filled with Asphalt Binder
Outside Surface (Absorbed Asphalt)

Profile of Aggregate
S

Aggregate

Asphalt Binder

AIADD PNl !\.-'-11
Impermeable Void

Permeable Void Portion NOT
Filled with Asphalt Binder

’/"7 A uoltﬂﬂé,

d V. :Volume of solids

d V__:Volume of water

d V,,:Volume of pores

pp
permeable pores

absorbmg asphalt

av,-V,: Volumeo
Water permeable
pores not filled wi
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Volumes Considered Masses Considered

. Aggregate particle Aggregate particle
lmpermeable (oven dry condition)

voids (ip)

permeable

W W 1 Fine.

Wsub WEyC+W1 +\,/,Vs _Wpylc+agg+W2

—_—




voids (ip)

impermeable

permeable
voids (pp)

ates

Volumes Considered

Masses Considered

+
water permeable voi

A5 5 S5D Nplvw g

Aggregate particle Aggregate particle

(oven dry condition)

é‘”‘f’ Ws- A

Wo- Fine

A

C

Wssd _V\{/sub Wpyct/wl +Wssd ~Woyc+agg+w?2
—_— Vi 4




Effect{gg Specific Gravity (G,.)

I @ Aggregate absorb some asphalt cement (ac).

- ® Gy, assumes all PP absorbac (V,,=V,,)
® Gy, assumes no PP absorb ac (V,,=0)

® Neither is correct - G, defined based on overall
volume exclusive of those that absorb ac




t@s. -.), Cont.

Volumes Considered Masses Considered

Aggregate particle Aggregate particle

g (oven dry condition)
water permeable voids

impermeable
voids (ip)

absorbed asphalt

permeable
voids (pp)

_ Wi
se =
(Vs +Vip +Vpp —Vap)rw ~Us !2_ .
Calculated from mixture information . ’-

for Py = by wt mix




ASTM Cl@ﬁ Standard Test Method for Relative Density

(Spe&&c Gravity) and Absorption of Coarse Aggregate

N\
Wash 5 kg of aggregate retained on U A: Oven-dry wt. of agg.(g)
No. 4 sieve.
L B:SSD wt. of agg.
's. Oven dry to a constant weight. wt. of agg. (g)
i Soakin water for 24 hours. ‘ d  C:submerged wt. of SSD
 Decant water. 5 BN apl o agg. In water (g

* Use pre-dampened towel to get SSD

condition, weigh and record (B) A
* Place the SSD sample in a wire -= A=C >

basket, submerge in water, then the

submerged weight is determined and — A__, ol S

recorded (CJe— <oV~ 2 7 B-C @ ouendry
* Oven dry the sample to a constant B

weight, weigh _ = sBUkS. & ssD

and record (A) _ B-C

Al (B—-A)x100

A}tbsnrpﬁnn,% ==

(S SN - OVC”)/ngiL
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ity) and Absorption of Fine Aggregate

ASTM C12 Standard Test Method for Relative Density

(Specifi
¢

\\‘
« Fill flask with water and record weight as

A: Oven-dry wt. of agg. (g)

<X\ 4 \.9 ‘
B sl Q  B:wt of flask filled with water
*."Oven-dry 1000 g of fine aggregate. (to mark), (g)
.**  Soak in water for 24 hours _
« Spread out and dry (warm air moving QG wt of flask + SSD specimen

current) to SSD? water (to mark), (g)

» Add 500 g of SSD aggregate (D) to O D:SSDwt. (500210 g)
pycnometer of known volume pre-filled

with SOmEWaISr 2, ¢ *
 Add ﬁ?or«'—fJ W(?;tef" gnd ag‘izate until air

bubbles have been removed %«(} A

* Fill to line and determine the mass of the < sb = gip—c

pycnometer, aggregate and water (C)
 Empty aggregate into pan and dry to G D
5,85D —
constant mass B+D-C
Determine oven dry mass (A) . D—AYx100
Apsorption, % = ( i




Spec1f@rav1ty for Aggregate

VAR LR KA A e

For stockplles that include More than two aggregate sources
One value must be determined for the stockpile.
The average Gg, can be calculated as follows

: > 1, laibdy, B0 EoT
P +P. +P_+-- ...P
Gy, = 5757 =7, ,where
ol SRt
@3"\9 ‘V%& G G "G

n

G, = bulk (dry) specific gravity of the aggregate blend

0
G, G,, G5, G,=S.G of aggregates 1, 2, through n

PCOClT'SG + Pl

_ma.ma+_ﬁm.2

coarse fine



q‘@%sorption for Aggregate

- -
®.The absorptiveness of aggregate is of significant interest to
the mixture designer and specifier.

.® Absorption can be an indicator regarding aggregate quality
along with increased binder demand. 20)
e The binder absorption is typically 40 -80 percent of the
water absorption rate.

® The water absorption rate is calculated by the following
equation as outlined in AASHTO T 85

Absorption, % = %A x 100

A = mass of the oven-dry test sample

5 (] ) 0 (1C C( C-( J1DIC
O d C ) C .

Ssarl) QF ewl s L Uss sl wobeTol B



A%@‘?ption for Aggregate Blend

@ The average water absorption for the total
aggregate blend as shown in AASHTO T 85 is
. calculated as follows

. P XA +P XA +..P_xA
Absorption % = j“x ALEla L
_ _ 100

AN bsorphon. sy Gt <

)

—



s‘@‘%fhemical Stability

T AN e P\ WA | Y. | STV |

N
N\ ’ & — M PO

¢ Aggregate surface chemistry affects_

e Aggregates that have affinity to water are not desirable in the asphalt mixes.

Strippin ~N
100 ST gy Ay’
o such a SIESEONE an
\ Marge. ork well in asphalt concrete
Love A% S SN e
o : uch a an have a
negative surface charge :

e (ravels may tend to create a weaker interfacial zone in concrete than lime-
'L stone aggregates.
vy

3.90,.’94/%.‘.3[‘30




@g’mical Stability Cont.

I ® Aggregates used in Portland cement
'~ concrete can also cause chemical stability
problems.

® Aggregates containing deleterious
substances (clay lumbs, chert, silt, organic
impurities) which react harmfully with the

alkalis present in the cement.
vl o .
results in

abnormal expansion of the concrete.



UM 5 Goum 2NV

——

® ASRresults in formation of eXﬁansive gels which
. Environ!en!al !ac!ors suc! as

wetting/drying cycles, a
-

~cracking. g, 2 Aydao)
s. ASR can
accelerate corrosion deterioration




ASR Cont.




Aggr@s’ce Shape & Surface Texture

® Reiults from Processing
Al y

@ Shape: circular, semi circular, semi elongated,
elongated. Or high sphericity, ,moderate
sphericity, low sphericity, flat/elongated.

L1, Lo
o AfpiTafity: I T S
‘angular, angular.
=z
o sufface’texture: High roughness, moderate
‘roughness, low roughness, smooth, polished




%ﬁape Classification

\\‘

® Particles shape and surface texture are of great
'mportance to the properties of fresh &
concretes.

orm the first-order property, reflects variations
in the proportions of a particle}v) ~«= oo

© Angularity, the second-order property, reflects
variations at the corners, that is, variations
superimposed on shh

o [SUTFFACETEITe is used to describe the

at alScalé thatis too small to affect

the overall shape. ‘ &




Illus’@n of Aggregate Shape Properties
¢

swhae - ;
, oz~ 90
X 2y N h An'gularity
:‘*-E.g,z._;ii&!&} . e

Texture




UNCOPMACTED VOID CONTENT OF FINE
AGGREGATES AASHTO T304
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UNCOPMACTED VOID CONTENT OF COARSE
AGGREGATES AASHTO TP 56
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%9@' Void Content

:md%; % Y,d=
e

AT



AASHTO TRS6 Uncompacted Void Content of Coarse
@?Aggregate (as Influenced by
Pz

#icle Shape, Surface Texture, and Grading)

8§ :
inding

® This method was originally developed by the
\ NAA and was later adopted by AASHTO as
|  method TP56.

® It measures the loose uncompacted void content
of a sample of coarse aggregate that falls from a
fixed distance through a given-sized orifice.

e A decrease in the void content is associated with
more rounded, spherical, smoo?ﬁ'f‘s’urfacelcoarse
aggregate, or a combination of these factors.
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Exam@ on Sphericity and Angularity

T\\‘

Form
High
sphericity

A \oigy)

Low
sphericity
s<\algy |
Ao

Very angular Angular Subangular  Subrounded Rounded Well rounded
R=0.12-0.17 0.17-0.25 0.25-0.35 0.35-0.49 0.49-0.70 0.70-1.00




% OF FRACTURED PARTICLES IN COARSE

AGGREGATES ASTM D5821

®ASTM D5821 Determining the Percentages of

L. Fractured Particles in Coarse Aggregate | .
i Ul of 5 Ll @g,v_ct&—’_)‘ﬂ?.‘s\y Cf"y'é’”

® This test method is considered to be a direct

method for measuningicoanseaggregate)
Ensulanin ol \D\20 crishd uhe LBk

carge |
®The method is based on evaluating the ARgUlaFty

of an aggregate sample (mostly used for gravel) by
visually examining each particle and counting the

number of crushed faces,



% OF FRACTURED PARTICLES IN COARSE

AGGREGATES ASTM D5821
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D S

~ “J
N\

@, ASTM D4791 - 19 Standard Test Method for Flat
Particles, Elongated Particles, or Flat and Elongated
Particles in Coarse Aggregate

.e_This method provides the percentage b
S weight ofTlat, S

0
particles in a given sample of COATSE Agsregate. Han

® The procedure uses a proportional caliper device to
measure the d“

e The aggregates are classified according to the
-{_h_

> 3”
sy sl

/)

-y 7




Flat a &ongated Coarse Aggregate Caliper




Aggr@te Imaging System AIMS






Agg_Image_sys640x480.wmv



Agg_Image_sys640x480.wmv

Longest Dimension (dL
L) Intermediate Dimension (di)

Shortest Dimension
(ds)

RO+40

(a)

Fig.5 Mlustrations for measure principles of: a Sphericity; b 2-D form

Aggregate
Particle

Fig.6 Comparing angularity of rounded corners and sharp corners on

the outline of an aggregate image

(b)

as represented by Eqs. (1-4). Sphericity is a parameter to
describe the form of coarse particles. Sphericity defines the
relationship between the particle dimensions, as represented

by Eq. (1).

. dsdy
Sphericity = § dﬁ (1)

where ds is the particle’s shortest dimension; d; the particle’s
intermediate dimension; and d; the particle’s longest dimen-
sion. An illustration showing particle dimensions is shown
in Fig. 5a. Sphericity values range from 0 to 1 with higher
values to equidimensional particles (spherical and cubical).

The form index (2-D form) is calculated based on particle
radius incremental changes as described by Eq. (2).

B=360—A8
2 — DForm Index = Z
f=0

Roing— Ry

R, (2)

where @ is the directional angle and R is the radius in differ-

ent directions. For a perfect circle, the form index calculated

by Eq. (2) would be zero. Figure 5b illustrates the 2-D form




- N
Table 1 Aggregates’ shape properties classification | 1]

Property Limits (classes)

Sphericity <0.6 (flatelongated) ~ 0.6-0.7 (low sphericity) ~ 0.7-0.8 (moderate sphericity) > 0.8 (high sphericity)
2-DForm <6.5 (circular) 6.5-8.0 (semicircular) ~ 8.0-10.5 (semielongated) > 10.5 (elongated)
Angularity <2100 (rounded) 21004000 (sub-rounded) 4000-5400 (sub-angular) > 5400 (angular)

Surface texture < 165 (polished) 165-275 (Smooth) 275-350 (low roughness) ~ 350-460 (moderate roughness) >460 (high
rough-
ness)

Table 2 Alternative aggregates angularity and texture classification

[46]
Property Limits
(classes)
Gradient angular- <2420 (low) 2420-3418 > 3418 (high)
ity (medium)
Surface texture <65 (Low) (65-162) > 162 {high}

(Medium)




Dl@kﬁegratlon/ Cleanliness

\

© Clay Lumbs & Friable ‘Partlcle (AASHTO T112).
ASTM C142 / C142M - 17 Standard Test Method

for Clay Lumps and Friable Particles in
Aggregates Hep 2 2 i 8 ard20

e Specify max (typical 0.2 - 10%).

® Dries a given mass of agg., then soaks for 24, hr,,
and each particle isTubbed. A washed sieve is
then performed over several screens, the

aggregate dried, and the percent loss is reported
as the % clay or friable particles.

o - s 4
AN AV = '{/3-"'29’\’-/3

’-‘
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Clean@%ss of Aggregates / SE

ASTM D2419 - 14 Standard
Test Method for Sand

. Equivalent Value of Soils and —
Fine Aggregate sand 7
sl oy 7 —
Sand e ulvalent SE = X/Y Y I E
k .
spec1fy min. ;l;""’ oLy falis Qﬁl -
Stock Solution used is T s
M5 W |- -
calcium chloride Yk =
solution to ffush the clay- J l |

™) !ln‘ |

sand.



%@ings to Remember

» : .;'
I Aggregates should be clean, tough, durable,
: aﬁ%’%‘?‘é’?ﬁ)m .excess flat and elongated
particles, dust, clay lumbs, and any other
objectionable materials.



Minis@)f Public Works and Housing

(¢
L 2

VK

pecifications for secondary and village roads construction
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asa (Physical Properties) < syl Ricall Lngadal) st =2 -
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TABLE (6)
TECHNICAL SPECIFICATION FOR SECONDARY & VILLAGE ROADS

ASPHALT PAVEMENT , (BINDER AND WEARING)

: : HOT MIX. LAYER :

:ITEM OF SPECS. s e R e e s e e s e s Y e

: - WEARING : BINDER :
:AGG. SPECS. : : :
:~ ABRASION (%) : 35 MAX. : 35 MAX. :
:~ RATIO OF WEAR LOSS : 0.22 MAX. : 0.22 MAX. S
: 100 REV : : :
; (=i ) 3 : :
: 500 REV : : :
:— SAND EQUIVALENT : 50 MIN.(HOT BINS): 50 MIN.(HOT BINS):
= P.I : N.P (HOT BINS) : N.P (HOT BINS) $
:-FLAKINESS INDEX(B.S): 20 MAX. : 25 MAX. :
: ELONGATION INDEX(B.S): 20 MAX. _: 25 MAX. :
:—CLAY LUMPS & FRIABLE: 1.0 MAX. : 1.0 MAX. :
: PARTICLES (%) : : :

. e e S —— —— ——————— ——— — —— . G G NN M G S mm eis S R e e — " — o @ S - e S T W S NS e e — =
M M e e e e it




ec. for Base Course Materials
) e Aeo) M

® Materials for this course shall be sound, durable
crushed rock, crushed slag, crushed boulder, ....

e Coarse and fine aggregate materials may be mixed
to obtain the required specifications as set out
below.

e Fine aggregate material passing the 2.00 mm sieve
(#8) shall consist of crushed stone screenings,
natural sand, and non-plastic soil binder passing
the 0.425 mm sieve (#40).



AASHT@C. for Base Course Materials

I e The materials shall be uniformly blended by

'+ mixing predetermined quantities of coarse and
fine aggregate and at the time of compaction the
moisture content shall be plus or minus 2% of

the optimum moisture content. < _3,{3) oW

e The aggregate shall meet the grading B, C or D of
AASHTO standard Specification M147-65. The
fraction passing the 0.075 mm sieve (#200) shall
be not more than (1/3) of the fraction passing the
0.425 mm sieve (#40).



AASH

TANDARD SPECIFICATION

DESIGNATION M147-65-
T\\‘
Sieve % BY MASS PASSING SQUARE MESH SIEVE
Designation ,
. Zy 5 JoPwoplan R 23
Grading A (Grading B |Grading C (Grading  |Grading E | Grading F
D
50 100 100
25 75-95 100 100 100 100
9.5 30-65 40-75 50-85 60-100
4.75 25-55 30-60 35-65 50-85 55-100 | 70-100
2.0 15-40 20-45 25-50 40-70 | 40-100 | 55-100
0.425 8-20 15-30 15-30 25-45 20-50 30-7-
0.075 2-8 5-20 5-20 6-20 8-25




AASI&@%peC. for Base Course Materials

e The fraction of the material passing a 0.425 mm sieve
(#40) shall have a liquid limit not greater than 30 and a
N plasticity index of not more than 6.

e (Coarse aggregate sizes shall have at least 90 % by weight
of pieces with two fractured faces and at least 98 % by
weight shall have at least one fractured faces.

e Thin flat flaky or over sized aggregate detrimental to
compaction and effective choking shall not be used. The
flakiness index as determined in accordance with BS
812 shall be not greater than 35%.



AASI&@%peC. for Base Course Materials

e When tested in accordance with the Method of Test of
Soundness of Aggregates by use of Sodium Sulphate,

N AASHTO Test Method T-104, and the weighted average
loss in five cycles shall not exceed 15% by weight.

e The aggregates shall have a Los Angeles Abrasion loss
of not more than 30 %.

e The California Bearing Ratio (CBR) value of this
material compacted and tested at the approved

density and moisture content shall be not less than
'80%.
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Soil% ssification for Highway

?3 Purposes

\\‘

-

1Y) 5,7 Jotans

e Objective beh‘ftrzl'd using%;l‘sj; classification system for
highway purposes is to predict the subgrade performance
of a given soil on the basis of a few simple tests performed
on the soil in a disturbed Condition

- \ * J

. On thdbasm of%ese resul”s and their ‘gorrela‘a{i; v%lth

field experience the soil may be correctly identified and

placed into a group of soils all of which have similar
characteristics.

AN «b—“«‘-bv ,\;ﬁ: st 8T 23 A €
® Two methods:

American Association of State Highways and Transportation
officials (AASHTO)

Unified Soil Classification System (USCS)

23
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Tg‘sg for Soil Classification

CI 59U
1. Mechanical Analysis : Sieve analysis, wet sieve
analysis, hydrometer analysis.

2. Atterberg Limit (Ja=
erberg 1m1.s \;\m " e
Conducted on materials passing #40.

Liquid Limit: Min. moisture content at which the soil will
flow under the application of a very small shear force
(Soil assumed to behave like liquid). o X5

Plastic Limit: Min. moisture content at which the soil
remains in a plastic condition or

Plastic Limit : The lowest moisture content at which th
soil can be rolled into a thread of (1/8") diameter

without crumbling. Wy gw o J,%':U.

24



s‘Q@'Atterberg Limits

NS -
EP 3o oI A0y Ay
e Shrin age Limit (SL): the moisture content at which further drying

of soil will result in no additional shrinkage and the volume of soil will
remain constant.

Y V4

under the application of a very small shear force (Soil assumed to behave
like liquid).

> BT alny beely

L Plastic Limit (PL): Min. moisture content at which the soil remains in
a plastic condition.

Y Liquid Limit (LL): Min. moisture content at which the soil will flow

e Plasticity Index (PI): Numerical difference between LL and PL .

PI: Indicates the range of moisture content over which the soil is in a plastic
range. o .
PI High......Soil is compressible, cohesion, highly plastice— " "

Sand........ Cohesion less.......... Non Plastic (NP).

> By sa T e Mol




SIGNIF@CE OF PLASTICITY INDEX

RS
Plaie — e
®. . Plasticity index of soil depends chiefly on clay content in soil. So Soils that
have high plasticity index are considered to tend to clay.
o PT Qe 591 Jds AL ISPV dcle g2 A0LISK
» With the decrease in particle size, a rapid increase in plasticity index is
observed. Thus plasticity index is a measure of fineness of particles.

Y V4

e Plasticity index in relation with liquid limit, provide us valuable
information for soil classification.
> S ~widi ©
F a same plasticity index, when liquid limit increases permeability and
compressibility are found to ll); increased whereas toughness and dry
strength is decreased. Z’\‘;p T =Ly PL

e Fora e liquid limit of two samples, wshen plasticity index is increased,
“permeability decreases wher@rsl toughness and dry strength are increased.
But compressibility is found almost unchanged. P I‘P‘: LL _ PL

o

-

26



SIGNIF@CE OF PLASTICITY INDEX

\\‘

PR Y

Comparin§ soils | Comparing soils
at equal liquid with equal Aq- -
S Characteristics li?nit wi(tlh plasticiteyq index ’\?"p’f%." "‘:'-"-LA PI *
plasticityindex | withliquid limit S
N increasing increasing '\_5“/
Dry strength Increases Decreases
Toughness near Increases Decreases
plastic limit
Compressibility Almost same Increases
Permeability Decrease Increase
Rate of volume Decrease Increase
change

e Soils having high plasticity index are considered clay and those
having lower value are considered silt. In case of zero value, soil are
considered to have little/no clay or silt and called non-plastic soil.

e A lower plasticity index of two soil is indicative to have high

organic matter in soil.

27



@erherg Limits Cont.

N\ =
S 2 RN ooy 2808 )z

L1qu1d1ty Index (LD): "

PL & LL can only be applied to dlst thed soil samples.

,& Its highly possible that the undisturbed soil will not
‘\' ~ " have the same liquid state as disturbed, therefore the
i’ liquidity index is used to reflect the properties of the

. 01,5 tural soil.
hw‘”’w LI = (o - PL) / PI

See next slide for LI values and soil states.

Soils with LI > 1.0 are known as quick clays which are
relatively strong if undisturbed but become very
unstable and can flow like liquid if they are sheared.

Ls Nea e

28
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sg@onsistency Limits

2 A S
State Eirittlle sermisolic Plastic Liquid Liuid
solid
Wyater ‘
Caontent J
0 5L PL +
louicty e 9 mem ORI Li>
Inclex pL- Pleo
Ly

= (Wify — F:'I_].I' F|
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AASH’P@'C]assification System

\\
—3 AR,
Classifies smfs into 7 groups based on

laboratory determination of particle size N
Pls

distribution, liquid limit (LL), and 5P

Plasticity Index (PI).

® Evaluation of soils within each group is
made by means of group index.

o' AASHTO classification'in shown in Table
18.1(Text Book).
l_> PLAN ') CNT 81 i (s A g A AL "‘”E ac

NN EEE




AN Q90 5 4 S
TABLE 15-1 Classification of Highway Suhg(ade Materials (with Suggested Subgroups)®

—s

Silt-Clay Materials (more than 35%

General Classification Granular Materials (35% or less passing No. 200) passing No. 200)
Al A-2 A-7
Group Classification Ala Alb A3 AM  A2S A6 AXT A4 IAS A6 ATSATS
Sieve analysis, percent passing |
No. 10(2.0 mm) 50 max. .
No.40(0.425 mm) JOmax, 50max. 51 min.
No. 200 (0.075 mm) [Smax. 25max. 10max. 3Smax. 3Smax. 3Smax. Fmax. 36min. 36min. 36min. 36 min.
Characteristics of fraction passing No, 40
Liquid limit 11— Pladc Omax. 4lmin dOmax 4mn 40max 4mn Omar 4 min
Plasticity index—" bmax. s . NP 10max. 10max. 11min. 1lmin. 10max. 10max. 11min. 11 min”
: G~ | o gl
Usual types of significant constituent ~ Stone [ragmentfﬁné gravel,  Silty or clayey gravel and sand Siltysoils ~~ + Clayey soils
materials and sand S s 09973
General rating as subgrade Excellent to good Fair to poor

‘Classification procedure: With required test data available, proceed from left to right on the chart, and correct group will be found by pracess of elimination, The first group from the left into which
the test data will it is the correct classification, 1 . 20 Ay

"Plastcly index of A-7-5 subgroup s equal o or less than LL minus 30. P of A-7-8}ubgroup i greater than LL minus 30 (see Fig 153).
Note: Sec group index formula and Figure 15-3 for micthod of calculation, Group fndex should be shown in parentheses after group symbol, such as A-2-6(3), A-4(5), A-6(12), A-7-5(17), and so forlh,

Ao § 5 e 91 PT S
476 4% etV WD



Plasticity index

70

2

2

&

30

A-2-5
A~

2
5

40

S0 60)
Ligquid limit

70

80

90

100
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70

& &8 8

=

Plasticity index

20

10

100

High-plasticity
4
W
7
Low-plasticity High-plasticity
CL‘;\YS SILTS
Low-plasticity High-plasticity
SILTS SILTS
| 1 |
0 10 20 30 40 50 60 70 S0 90
Liquid limit
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Group Index
S 2t PO PPN LT R g

/S”:J% (\

GI = (F — 35)[0.2 + 0.005(LL — 40)] + 0.01(F — 15)(PI — 10)

| -

f?"

]

% passing . A Partial Index for
No. ?ﬂﬂ\ M 1 -,\ A—Z'é \.9’»‘-"“”” A-2-6 and A-2-7
~ . . = >
et Joas

p \ oo ~llh! sy
Group index is always reported as a non-negative integer value
Group index is always zero for groups A-1, A-3, A-2-4, A-2-5,

e =ze,§‘J

36



&Q@. Group Index (G)

I G = (F-35)[0.2 + 0.005 (LL - 40)]
| +[(0.01) (F - 15) (PI - 10)]

\

F : % passing sieve #200 (whole number).
LL : Liquid Limit.

PI : Plasticity Index (nearest whole number).
e [fGis(-ve) ...... Use G=0.0

® For A-2-6 & A-2-7 subgroups, only the PI  shag, )
portion of the formula should be used. s

e [nverse ratio of G indicate supporting value of
subgrade (i.e. G =0 good & G = 20 very poor)

37
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GI = (F — 35)[0.2 + 0.005(LL — 40)] + 0.01(F — 15)PI — 10)

[ ' ;

% passing Partial Index for
No. 200 A-2-6 and A-2-7

t;‘:,[,,64~2~5 , LQ-" p J..3 /7[-‘(—-
=re :@I
, f . yy f%*’
> A2 90420 Hoy Sins dps Unes
‘(H”(F— ISHPI — l“l‘ . &S @ a’:m
.iLQ’@J‘gQB%- 9 1‘_ ,:QDLJIWGI'S& &ﬂ‘o “—
ykc.&'é%,’,é.’o‘ JB@ <l JHelas -
GI ‘g'?':‘j g” zl.lﬂ»’e’j&éﬁ‘;ﬂ/\ﬂé} ﬁvo%p




Soil C@%’ification Examplel

% passing #10 = 1009 A0 8w Ay
. % passing # 40 =85.2% awEozie=E=3)

% passing # 200 = 52.1 éo,;m@;u 2378

LL=29.2 & PI=5.0

% (52-)~35) [.0v0ab (292 - 10) ool (82(-6)(5_ 1) A7

Solution: G =1 oL

]

A - 4 material E

38



Soil C@iﬁcation Example 2

" % passing # 200 =55 %
LL=40 & PI=25

J*Lﬁ"%’:%' ~Ny s,
Solution: G =10 <—
A - 6 material

39



s“@SQ'Soil Compaction

\\‘

o] g ¥V 7 S0ld)3]

®.Soil is used as embankment or'subbase materials which

should be placed in uniform layers and compacted to
" high densities: compung,.ai, Ao 3\ o Al a2

e Proper compaction of the soil will reduce settlement and
volume change thus enhancing the strength of the soil
layer._, R -"'@’S‘M-_mﬂ_—’ LI ) ¥ A

e Compaction in f1el((1@; achieved by hand operated
tampers, sheepsfod€rollers, rubber=tired rollers, or
other types of rollers.®

e The strength of the compacted soil is directly related to
the max. dry density achieved through compaction.

Sk sl s ot

40



Mo@re Density Relationship

e 'All soils exhibit a similar relationship between moisture
- content and density (dry unit wt.) when subjected to
dynamic compaction.

e Dynamic compaction is achieved in fields by rollers and
vibratory compactors in thin layers.

e Dynamic compaction in Lab is achieved by freely falling
wt. on confined soil mass.
e/

Dry unit wt. &Wetunitwt. / (1+w%)

e Attempts are usually made to maintain/soil at optimum:
“so as to keep the soil at max density or
some specified percentage.

41



Nl
tmﬁ%r Proctor (Standard
AASHTO T9 9) Standard Method of Test

for Moisture-Density Relations of Soils Using a
2.5-kg (5.5-1b) Rammer and a 305-mm (12-in.)
Drop

Proctor Test

Viodified Proctor (Modified
AASHTO T180) Standard Method of

Test for Moisture-Density Relations of Soils Using
a 4.54-kg (10-1b) Rammer and a 457-mm (18-in.)
Drop

Material Pass # 4

Material Pass # 4

4” Diameter mold

4” Diameter mold

3 Layers

5 Layers

5.51b (2.5 kg) Hammer with
2" face

oo (24055 9 Lo7ls 2

10 Ib (4.5 kg) Hammer with
2’, fw

12" Falling distance

18" falling distance

2 J1UVV Ay C U U

JIOW Ay Cl Ol O
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Table 2
Comparison of Apparatus, Sample, and Procedure — Enél;sl} Y

9

T 180 oY

Mold Volume, ft}

Methods A, C: 0.0333 +0.0005

Methods A, C: 0.0333 +0.0005

Methods B, D: 0.07500 £0.0009

Methods B, D: 0.07500 £0.0009

Mold Diameter, in.

Methods A, C: 4.000 +0.016

Methods A, C: 4.000 £0.016

Methods B, D: 6.000 +£0.026

Methods B, D: 6.000 +0.026

Mold Height, in. 4.584 £0.018 4.584 +0.018
Detachable Collar Height, in. 2.000 £0.025 2.000 £0.025
Rammer Diameter, in. 2.000 £0.025 2.000 +0.025
Rammer Mass, |b 5.5 £0.02 10 +0.02
Rammer Drop, in. ol 12 £0.06 18 +£0.06
Layers ” 3 5

Blows per Layer ¢
e

Methods A, C: 25

Methods A, C: 25

Methods B, D: 56

Methods B, D: 56

Material Size, in.

Methods A, B: No. 4 minus

Methods A, B: No.4 minus

Methods C, D: 3/4 minus

Methods C, D: 3/4 minus

Test Sample Size, b Method A: 7 Method B: 16
Method C: 12(;y Method D: 25,
Energy, |b-f/ft’ 12,375 56,250

(1) This may not be a large enough sample depending on your nominal maximum size for moisture content

samples.
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¥ The sample shall be handled and specimen(s) for compaction shall be prepared in accordance
with the procedures given in T 99 or T 180 for compaction in a 152.4-mm (6-in.) mold except
as follows:

3 Proctor compaction test _%_L 4
" Standard test: 12in (305 el
Modified test: 18 in (457 mn

d There are two tests that are used to obtain the optimum
moisture content and the corresponding maximum dry

dEﬂSitv lMDD] Hammer —»
Hammer weight
< The tests are known as % Standard test: 5.5 1b (249 kg)
i

Modified test: 10 1b (4.54 kg)
 Standard Proctor test (Standard AASHTO T99)

4 (102 mm)

O Modified Proctor test (Modified AASHTO T180)

=

S o Y

E
[ !!
/
=t
1

Mold extension

 Both tests use a falling hammer to compact the material
in @ mould, which roughly corresponds to the compactive
effort in the field. i

mold

; Sln;]';l:lyér z:

1730 117 (9.44 % 109 m
cylindrical mold

& ISllciiJ.!a}'re'r ? -

-

oty

B Method A—A 101.60-mm (4-in.) mold: Soil material passing a 4.75-mm (No. 4) sieve
Sections 4 and 3.

B Method B—A 152.40-mm (6-in.) mold: Scil material passing a 4.75-mm (No. 4) sieve
Sections 6 and 7.

B Method C—A 101.60-mm (4-in.) mold: Soil material passing a 19.0-mm (*/-in.) sieve
Sections 8 and9,

W Method D—A 152.40-mm (6-in.) mold: Soil material passing a 19.0-mm (*/4-in.) sieve
Sections 10 and 11.

44



Proctor test output :

Compaction curve
O The output of Proctor test is the compaction curve

d Compaction curve

~ is the curve of the dry densities of each specimen
plotted versus their respective water contents

~ Each-data point on the curve represents a single compaction
test

d  The peak point of the compaction curve is an
important point, which represent
» The maximum dry density (MDD)
» Optimum water content

<+ The water content corresponding to the maximum dry
density

B G~y *"":"Damﬂ'g}) 255053 SP9. RN T P

0 4 8 12 16

Moisture Content (w%)

Dry unit wt. = Wet unit wt. / (1+w%)

This curve is unique
for a given soil type, method of compaction, and
(constant) compactive effort

60
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Mo@re Density Relationship

-

\
\

Dry density kg/m3

Max dry density

N

Optimum
moisture content

Moisture %o

46



EQ&} of Compactive Effort

‘ '\W\Mﬁsﬂ( A, s Az,
A B // ’

Dry density kg/m3

Optimum
moisture content

A 4

oot WUas 5 @#&C/Mo;(ﬁ;s}l‘, —_ Moisture %

47
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s§§§bmpaction Efforts

N\

o As compactive effort increases, max density will increase
and optimum moisture will decrease.

.~ e [fsoil is too dry, more compactive effort is needed to
achieve required density®Pp5 Qo asud) J 7l Sss
e Type of soil has great effect on density obtained under a
given compactive efforts:

o Moisture content is less critical for clay than plastic
L Oliy e 3727 3 A 20 21 3o, 2. DA

e Granular and we soils react sharply with
small changes in moisture. 72 St s1e

Clean, poorly graded, non plastic sands are relatively
insensitive to changes in moisture.

» Amount of coarse aggregates.

O(W&; ey L2\ AP = ARD : 0o
’ 48



@ctor test Procedure

¢
- -
® Soil sample pass # 4 with moisture less than
optimum.

| ® Compact soil in mold at specified layers. apﬂ(
® Determine wet unit wt.

® Select small sample from interior of the
compacted mass to find moisture content.

® Break soil into new sample.
e Add water (raise moisture content ) by 1 - 2%.

® Repeat procedure until decrease is noted in the
wet unit wt, or excess of water is noted.

49
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éi%lation Explanation

N\

® When moisture is less than optimum, the soil doesn’t
contain sufficient moisture to flow readily under the
blows of the hammer.
Dopsdaz foepin gy S30 65
e As moisture increase, the soil flows more readily under
the lubricating effect of the additional water, and soil
particles move more closer together resulting in density

increase. This effect continue until max density.

D eehy 22> dazi\&o 025

e Further increase tends to overfill the voids, forcing the

soil particles to move apart and unit wt. decrease.

50
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Contr@ Embankment Construction

oas 1y I oAzl Qo3I 5
e See Table 18.7 in text.

® % compaction can be
found using:

Destructive methods
{52-4_39
o Field cone test using san
e Oil method

e Balloon method using

water.
: s
. Nondestructive methods ~° Nuclear Test
e Nuclear equipments mmnmaﬂﬂ E Backscatr

B T i
Source ., Source © -
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sity test using sand cone
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iat Soil Tests for Pavement

Design

California Bearing Ratio test (CBR): “¢#>iso~psiy
" Determine of the load-deformation curve of the soil in the
lab. Using CBR standard testing equipments.
Hveem Stabilometer Test:

Determine the resistance value (R) of the soil to the
horizontal pressure obtained by imposing avertical stress
on a sample of soil.

Y V4

Materials characteristics T ————

(a5 220 23 ), Drainage :
CBR. (Effective subgrade M,)
hhhhh subbase (]_nl)

(Mry, o Mrgp,,) (Effective subgrade CBR)
Both CBRand R values may SEPISNUSEWIEG ~  Stop2 Thickness dstermination
be used to determine the — ’ ] Y ] \
pavement thickness above Fas [
(Mri) - a =
| |======= Sl\l 4’% B Sn‘arfac_e_c_op_rse %TD.‘

the soil to carry the

estimated traffic load. Tratti _L@ (M) D
s (o=

Reliability
C | a; a,, my, D, D,
ZR) (S ——— e e — T : , L
(ZR) (30) SN,

a3, m;




Soils and Aggregates Characterization tests

d Characterization tests used to describe fundamental parameters of soils and
aggregates

1 Bearing Capacity (Strength) tests
~ [In laboratory

%  CBR test ( Most common) & =W «»:5@ d‘)\p_,:_'o ~9

% R-alue test
~ in-situ
+»  Field CBR
<+ Dynamic Cone Penetrometer (DCP) ( Most common )

J Stiffness tests (Modulus of resilience, Mr )
~ [In laboratory
%+  Repeated load triaxial test
» In-situ
% Plate Load test, k value

< Dynamic plate test using the light weight deflectometer
54



CLDIN

History

U The basic testing procedure employed in the

determination of the CBR was developed by
the California Division of Highways before
World War Il and was used by that agency in
the design of flexible pavements.

U The basic procedures of this test were adopte:

Q

by the Corps of Engineers of the U.S. Army
during the early stages of the war and served
as a basis for the development of design
curves that were used for determining the
required thickness of flexible pavements for
airport runways and taxiways.

Certain modifications were made in the test
procedure, and it became a standardized test
procedure

SCOPE

This test method covers the determination of the California Bearing Ratio (CBR) of pavement
subgrade, subbase, and base/course materials from laboratory compacted specimens. The test
method is primarily intended for, but not limited to, evaluating the strength of cohesive materials
having maximum particle sizes less than 19 mm (3/4 in.).
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3‘@%’ CBR Significance

\\‘

e Although the CBR test is an empirical test, but it's widely
used in: CBR 1159

« Used in evaluating the strength of the compacted soil.
Used in pavement design for both roads and airfields

e Some design methods use the CBR values directly.
Others convert the CBR value to either the modulus of
subgrade reaction ks, or to theresilient modulus (MR)
using empirical relationships. For example the Asphalt
Institute design procedure uses the following formulas
to convert CBR to MR:

- MR (MPa) = 10.342 CBR
MR (Ib/in2) = 1500 CBR
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&
00 CBR =ay%
@ Itis a penetration test wherein a

,standardized piston, having an end

sdiametenofd9:5SmmnE95in)uis caused to

penetrate the soil at a standard rate of
1.27mm/min (0.05in/min).
e The CBR value is calculated as the ratio of
uiscoSc,_«)s_éj: V& ﬁ\h‘s 57



(California Bearing Ratio)
Summary of Test Methog\%q cio9

U The laboratory test uses a circular piston to
penetrate material compacted in a mold at a
constant rate of penetration.

J The CBR is expressed as the ratio of the unit DIAL GAUGE
load on the piston %_q@o.pﬂnmalew* ,‘:.cgg\‘
in. (2.5 mm) and 0.21n (5 mm) of the test -
soil to the unit load required to penetrate a Jj,&l,L-’@[{
standard material of well-graded crusted lozd

stone - ;I—Pe'ﬂ'aﬂ"i a l \81\],302m

_ ‘ = A = Specimen 2 \ //‘mM p-% : SURCHARGE WEIGH
I 2500 = -~ W 7 A
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CBR (California Bearing Ratio)

Determination

0 CBR compares the bearing capacity of a tested material with that of obtained from an

excellent coarse base material (a well-graded crushed stone)

Loy st maeis) _shess bsto
O MR oo SRR " <25C.1c Penetration
h
J 0 penetration points are used to determine CBR

A2 mm penetration o\ ia
AEGmpenetaton o.2inh
O The unit load for the standard crushed stones are




Transducer
1o measure
penetration

Annular sweights
foptional)

Sample

Standard
rrould

Axh S a,b 4 2P
T Volmerdon 5 500315



%&%R Test Procedure

N\

®.The selected sample of subgrade soil (pass Sieve 34") is
compacted in a mold that is 152 mm (6 in) in diameter
) and 152 to 178 mm (6 to 7 in) high.

e The moisture content, density, and compactive effort
used in molding the sample are selected to correspond
to expected field conditions (i.e. standard or modified
Proctor).

e After the sample has been compacted (three molds with
10, 25, and 55 blows /layer), a surcharge weight
equivalent to the estimated weight of pavement, base,
and subbase layers is placed on the sample, and the
entire assembly is immersed-in water for 4 days.
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Q“&}%R Test Procedure

N\

® At the completion of this soaking period the sample is
removed from the water and allowed to drain for a period of
15 min. The sample, with the same surcharge imposed on it,

.~ is immediately subjected to penetration by a piston 49.53
mm (1.95 in) in diameter ( cross section area = 3 square
inches) moving at a speed of 1.27 mm/min (0.05 in/min).
The total loads corresponding to penetrations of 2.5, 5.0, 7.5,
10.0,and 12.5 mm (0.1, 0.2, 0.3, 0.4, and 0.5 in) are recorded.

® A load-penetration curve is then drawn, any necessary
corrections made, and the corrected value of the unit load
corresponding to 2.5 mm (0.1 in) penetration determined.
This value is then compared with a value of 6.9 MPa (1000
Ib/in2) required to produce the same penetration in
standard crushed rock.
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@@BR Determination

- -
I o(pr he CBR is then calculated by the expressions:

unit load at 2.5 mm penetration (MPa)

CBR (%)= x 100
6.9MPa
CBR (%)= unit load at 5.0 mm penetration (MPa) <100
. 10.3MPa
CBR (%):Stressat 0.1in pene_tratlon (psi) <100
1000psi
CBR (%):Stressat 0.21n penetration (psi) <100

1500psi

63



C@ Determination Cont.

® The CBR value is usually based on the load ratio
for a penetration of 2.5 mm (0.1 in).
e If however, the CBR value at a penetration of 5.0

mm (0.2 in) is higher than the obtained value at
2.5 mm (0.1 in) penetration, the test should be

repeated. If t]
value, then th

ne repeated test also yields a larger

penetration s

e CBR at 5.0 mm (0.2 in)
nould be used.
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\

s‘@%" The CBR Plot

\\‘
Plot the readings of load against the penetration readings and
draw a smooth curve through the points.

The curve is normally concave downward, although the initial
portion might concave upward due to surface irregularity. In this
case, correction should be done by drawing a tangent to the curve
at the point of greatest slope. The corrected curve will be used in
all further calculations.

From the obtained curve make a computation of the load at the
corrected penetration of 2.5mm (0.1 in) and 5.0mm (0.2 in).

The obtained values (in kg) are expressed as percentages of the
standard loads of 30001b and 4500 Ib respectively.

Load at 2.5mm penetration (kg)
1364 kg

CBR%
g

CBR (%)= %100
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Determination

10.2. California Bearing Ratio—The corrected load values shall be determined for each specimen at
2.54 and 5.08 mm (0.10 and 0.20 in.) penetration. California Bearing Ratio values are obtained in
percent by dividing the corrected load values at 2.54 and 5.08 mm (0.10 and 0.20 in.) by the
standard loads of 6.9 and 10.3 MPa (1000 and 1500 psi), respectively, and multiplying these ratios
by 100.

corrected load value

CBR = x 100 (2)
standard load

CBR (California Bearing Ratio)

Determination "ﬁé:\:

i 6.9MPa_
__ 100
R [car (05— Stress at0.1in penetration si)

= 100

CBR (%) =




CBR Determination Cont.

. A\S
Q‘ Usually the value at 2.5mm (0.1 in) is greater

than that at 5.0mm (0.2 in) penetration and
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swell (%)=

R L
\&Nell Determination
‘/_ el g X pard YL g S

While the molded CBR sample are
immersed in water, periodically take the

swell readings and record them in the data
sheet.

At the end of the soaking period, take a
final dial reading and calculate the swell as
a percentage of the height of the specimen

(125 mm). ] i/ = J
ﬁ/.‘,’{" Zlw
Amountof Swell

rlg|naISpeC|menhe|ght(125mm)
N»LAVI & J)

Weigh the specimen (Wwet filled) and
determine the soil density after soaking



Prost Action in Soils
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Prost Action in Soils
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@Pavement Materials & Design
(110401466/2104011466)
High-Type Bituminous Pavements

Instructor:
Prof. TALEB M. AL-ROUSAN

Source:

Text Book chapter 19: Traffic & Highway Engineering by Nicholas
Garber and Lester Hoel, Fifth Edition, Brooks/Cole.

Reference Book Chapter 19: Highway Engineering, by Paul Wright &
Karen Dixon, dition, Wiley & sons



Asphaltic Concretes

is a uniformly mixed

® Types of asphalt concrete commonly used:

m%\w N O3

» Hot-mix, cold laid
' Cold-mix, cold laid Sepht cohozsdios
Asphalt concrete shouldiresistideformationifrom

ic) skid resistance even when wet, and
not be easily affected by weathering forces.
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Hot-M&@?Iot-Laid Asphalt Concrete

\

e Produced by properly blending AC+ CiAgg + F
‘Agg + Filler (Dust) at temperature ranging
betwgégr‘l, 76 —,_165/399170 -325 °F,

® Used for high- ﬁ’fé’ pav‘ewrﬁxent('c"'(fﬁstruction.
® Mixture can be described as:
(Open-graded: max size 3/8”to 3/4” |¢ i ,"
@ ‘,,Coarse-graded : max size 1/2" to 3/4” 5‘ DGD‘,:'\Op
Dense-graded: max size 1/2” to 1” . S foneame
Fine-graded: Max Size 1/2" to 3/4” plE=== = — —

Gap graded or stone matrix asphalt (SMA)

The above max Sizes of aggregates are for high-type
surfaces, bur when used as base the max size used

can be larger.




De@ Graded Asphalt Mixtures

e
gradation throughout the entire
range of sieves used.

It is the mOSEEOMMBRlN Bv35°

used in the base, intermediate
layers and surface of a pavement

structure.

\
\

Therefare,
stress transmission through the HMA structure relies on both the coarse and fine
particles. WMA is generally between 11 and 17%, air poi
4%, and asphalt binder content can range between 4.5 to 6%.

Dense graded




mixture with :
* high-coarse aggregate
content (typically 70 to 80
percent),

« high asphalt content
(typically m e than 6

percent) ;%*“' S0\l

(approximately 10 percent by

The result is a durable mixture

AS A ~3hals

Gap graded HMA cantainsdfewsmidssizedwparticless Stress transmission goes
‘through a coarse particle matrix, while the fine particles generally fill in spac
betweemthescoarsesparticlesagiving the HMA more resistance to deformation
WM& [17%+) is higher than for dense graded HMA but asphalt binder conten
[5%+]) is higher, which results in about the same volume of air voids (4%).

weight). gl o) %(x"":’-‘*@“’i‘




\
\

&,It is yse d€§, Go\o) 5 3678bl <%

Op@%%raded Asphalt

A&.ﬁen graded layer is an asphalt A
‘mixture designed to have a large volume

‘of air voids (typically 18 to 22 percent)

so that water will readily drain through

the pavement layer. 2o 0 B2 7

“Open-Graded Friction Course

(OGFC) to provide %4 id- re51£tar1’t>

pavement surface.

* porous base layer (also called

Mixtures

Open graded HMA contains fewfine aggregate partides. This creates large air
voids between the coarse and medium-sized particles. These air voids, often
between 15 and 20% of the total velume, make the HMA water permeable.
WMA is generally between 20 and 25%, while asphalt binder content can range
between 5 to 8%.

Asphalt Treated Permeable Base, or
ATPB) to provide for positive

drainage under either an asphalt or
Portland cement concrete
pavement surface.
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High-I¥pe Bituminous Pavement

. Hot-Mix, Hot Laid




Fundd&mental Properties of Design




s“Q@'Density of HMA

W Uiy y A— Ae Sy Q——- COMP AT1e

e Both stability & durability are related to the
density of the mix.

v e Density is expressed in terms of voids in the

\r;l—%}ure Dagy}-ﬂ_ﬂ veildl =B ALS
0

ids: Amount of space in the compacted
mixture that is not filled with aggregates or
bituminous materials (i.e. filled with air).

e Dense mixture......low voids
® Loose mixture.......high voids

e Extent of voids is determined by % of AC in the
mix. . —

10



§Qoal of Mix Design

¢
&
I Determine the best or optimum asphalt

: content that will provide the required
stability & durability as well as additional
desirable properties such as
impermeability, workability, & resistance

to bleeding.
Dwt’ -
/.nC ol SHawl e
S"’&\Oa\;']. m

/. AC ? 11




@‘Eability & Density

S

N\

Density & stability increase as AC% increase up to a
point where they will start to decrease because
aggregates will be forced apart by excess of bituminous

materials. ! void 34 5 \d
[t is not practical to say that the best AC would be the
one that would just fill the voids in the compacted

mixture. coy & 2Tl
Raise in Temperature......AC expand.....AC overfill the
voids......Bleeding...... loss in stability.

Traffic......Raise density......Reduce voids......Excess
ACu Bleeding........ Loss in stability.

Compromise is needed when selecting optimum AC%.

12



\
\

@quirements of HMA

\\‘
2= o

. ?
‘jja _’Q:.ﬂ—

e Sufficien
[ )

_j
(permeation of harmful air & moisture):-

240 >
o allow room for initia] EASHEARGHATETAAEAE

and

O t

e For surface mixes,

—
%‘}‘@ [‘ ~ A \ ’ ‘._‘ -~ 9 -~
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When a wheel load is
applied to a pavement, the
“primary stresses that are

, Vertical compressive
v stress, shear stress

_29‘3’ -the asphalt

layer

Horizontal tensile

stress at thedgttomd

of the asphalt layer.

7‘?;15/ 5—6-&5@\%,4

transmitted to the HMA are:

i ¢ surface

'bound

¢
— 7 Neutral
f axis

(a) Pavement layers

5 Unbound
b -' -'. granular
P layers

/// Subgrade

(b) Distribution of (c) Distribution of

vertical stress horizontal stress
under centerline under centerline
of wheel load of wheel load

p = wheel pressure applied on pavement surface

a = radius of circular area over which wheel load is spread

¢ = compressive horizontal stress
t = tensile horizontal stress

14
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Asplalt Mixtures Behavior

@1‘ he HMA must be internally strong to:

*eﬂﬂ
mixture.

comprees i ghea-

15



Asplalt Mixtures Behavior

R, T\ R RIS AR

® One way to understan sphaTt mlxture%ehavmr is to

es
th L2 25051
ion, fatigue cracking and 1w
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Desired¥properties considered for mix design
Resistance to Permanent Deformation

/ Sode Saa \ Sl AV aPA AL ray’ -
N - (0

L -

N\
‘ “ anent deformatlon results from Q )’

%e accumulation of small amounts of

)unrecoverable E
\ﬂﬁ




Desired¥properties considered for mix design
@stance to Permanent Deformation
¢

Ny
Depends primarily on:

~* ) ¢ o= .+ ¢
(non: w'scas) ~ 20 o o) 2T AVYE
Cohesion results from the bonding ability and the

v Cohesion increases as

Images source: https://pavementinteractive.org/reference-desk/pavement-

18
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Desired¥properties considered for mix design

A | s " ¥ u

e

Moderate

Traffic
—_—




Desired¥properties considered for mix design

S

Fatigue Resistance

D
¢
-~
) ; - 0 >
Methods to overcomefatigue cracking are:
%kmégt oshd taadtn] 1,

e Adequately account for the number of heavy loads during design.
e e s
o Provide adequate subgrade drainage. 22 4,5 S

\
\

by — —

CHNAN o0
Wo Simply put, soft asphalts have better fatigue properties than

“
- )

L& hard asphalts

Use a modified binder.

20



Desired¥properties considered for mix design

remy . re| 1 .

I g

~ ',,:\,v._z = ‘g,_,p}?\@;,..},lom,_,] ALY 3’" fzmm ) omm |
Normally occurs when the A5 e o
a_:\\e..&\abw1 >/. M 4 o
W/’ w7 .

asphalt mixture. Viscous

In general, the solution toj

(nsb)S 0P+ binder
,#A:?SHFP,@ \3\ 3&
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Desired¥properties considered for mix design

o

N\
major durability problem is
associated with moisture damage,

commonly referred to ﬁ%“‘s@pmg#'

\
\

 This typically is the result of water in
combination with repeated tyaffic
loadings, causing a scouring effect as the
water is pushed into and pulled out of

'

The best line of defense against
stripping is: .
3\ed Shil Bus
‘Having sufficient binder in the mix
e Zhaaig) 58 B
Constructing an impermeable mat by
acnieving sutficient compactior

Images source: https://pavementinteractive.org/reference-desk/testing/asphalt-tests/moisture-susceptibility/

e et RAYEIIEDL b 505 I UsLades

l\m\)i\'sure Resistance/ Impermeability

} 4"
b

Samples with no moisture
damage (left) and moisture
damage (right). Notice the
amount of uncoated aggregateon
the damaged sample.

Fatigue cracking
caused by
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Desired¥properties considered for mix design

-—

Compacting the mixture to be impervious (which may be as low as 5

percent in-place air vojds, depending on nominal maximum aggregate size
and gradation). ,:R jp)
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Desired¥properties con31dered for mix design

Is a safety measure represent the ability of an

asphalt surface to minimize skidding or

slippingjof vehiclegtires)(particularly when Q,ﬂ_;»\-ﬂ: 7 2y -
the roadway surface is wet C.D\,QJ_,Q] i g AR N i

ol pavement surface with many little

<

a5

shepgobas

with an aggregate of about 3s-inch (9.5 mm) to
%-inch (12.5 mm) maximum size

8
(HOOHAR RGEE NS 1ow] 5 %

present serious skid-resistance problems

https://www.quora.com/Is-it-possible-to-make-cars-that-move-
on-a-surface-by-sliding-instead-of-rolling
https://www.shutterstock.com/search/slippery+road+sign 24
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Desired¥properties considered for mix design
Workability




Desired¥properties considered for mix design
Workability

P & Y A BN A 4 BN . W DY . U, W, W, VW o

2 s rundd S (30 1) Sigulp)| T
Sps R (3 L)) i
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- AN

vgradationusedinthemix (i.e. Uniform graded,
Open graded, Gap graded, Coarse graded, fine

graded).
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Classifi§ation of Hot-Mix Paving Cont.
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Materialssor Asphalt Concrete Paving
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Materialssor Asphalt Concrete Paving

Various Specifications are available for aggregate gradations and
composition for base, binder, and surface course (see Table 19.1 in

Reference book).
See Table 19.4 in Text.

30
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Dust gDinder (Dust Proportion)
& P

\\‘ . LT E VDY & | ¢ —
=3O T IDNAB TS AT 30 D> -5
The dust to binder ratio is the ratio of the percentage of aggregate passing the
0.075-mm (No. 200) sieve(P0.075) to the effective hinder (Pbe).

Dust ratio = P0.075 /Pbe W s Fuesa,,,
This property addresses the workability of asphalt mixtures. Phe &'i:;

Alow P0.075 /Pbe often results in a ten(fé mix,

Tender mix lacks cohesion and is difficult to compact in the field because it tends
to move laterally under the roller.

Mixes tend to stiffen as the P0.075 increases, but too much will also result in a
tender mix

A mix with a high P0.075/Pbe will often exhibit a multitude of small stress crack
during the compaction process (lack sufficient durability), called check-cracking.

The typical allowable range for this property is 0.6-1.2, with the exceptions for
4.75-mm mixes, the allowable range is 0.9 - 2.0

The allowable range may be increased to 0.8-1.6.
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J6b Mix Formula (JMF)

Composition of the mix must be established.
Job Mix Formula (JMF) = Design of the mixture.
See Table 19.2 in Reference book for JMF tolerance.

JMF is determined in two steps:

1. Selection & combination of aggregates to meet limits
of specifications.

2. Determination of optimum asphalt content.
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Select&@ & Combination of Aggregates

Y V4

\\‘

¢ In normal procedure.....coarse & fine aggregates in the vicinity of
the project site are sampled & examined.....If suitable can be
used...... Economical alternative..... If not.......Suitable aggregate
source should be found.

e Combine aggregates (Determine proportions of the separate
aggregates to give a combination that meet spec.).

e Proportions must be far from extreme to provide room for JMF
tolerance.

e Process: Trial & Error with critical sieve selection for start with
values.

e Spread sheet (Excel).
See Tables 19.4 & 19.5 in Reference book for example.

See Example 19.1 in text.
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JAggregate Blending

\\‘

- A single aggregate source is generally unlikely to
meet gradation requirements for Portland cement

or asphalt concrete mixes

»~ Thus, blending of aggregates from two or more
sources would be required to satisfy the
specifications.

Y V4

-1 A trial-and-error process is generally used to
determine the proportions

-1 The basic equation for blending is
~ P.=axAi + B X Bi + C X Ci ;where
< P; = Percent blend materials passing sieve size |

. A;, B, C;, = Percent of aggregates from stockpiles A,
B, C passing sieve size |

g a.b, and ¢ = devimal fraction by weight of aggregates
from stockpiles A, B, C used in the blend

*a+b+t+c=10 34



Ag@ate Blending Example

— -
J Determine a blend of the two aggregates shown in the table below,
which will meet the specifications

12.5 mm 9.5 mm 4.75 mm 2.00 mm 0.425 mm 0.180 mm 0.075 mm
Sieve (1/2in.) (3/8in.) (No.4) (No.10) (No.40) (No.80) (No.200)
Specification 100 95-100 70—-85 25—=70 20—40 10-20 4—8
Target gradation 100 98 779 62.5 30 15 6
% Passing Agg. A (A;) 100 100 98 90 71 42 19
% Passing Agg. B (B)) 100 94 70 49 14 2 1
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Aggre Blending Example Solution

12.5 mm 9.5 mm 4.75 mm 2.00 mm 0.425 mm 0.180 mm 0.075 mm
Sieve (1/2in.) (3/8in.) (No.4) (No.10) (No.40) (No.80) (No.200)
Specification 100 95-100 70-85 55-70 20-40 10-20 4-8
Target gradation 100 98 77.5 62.5 30 15 6
% Passing Agg. A (A;) 100 100 98 90 71 42 19
% Passing Agg. B (B;) 100 94 70 49 14 2 1
30% A;(a.A;) 30 30 29.4 27 21.3 12.6 0.7
70% B; (b.B;) 70 65.8 49 34.3 9.8 1.4 0.7
Blend (H) 100 96 78 61 31 14 6.4
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Aggr%egfe Specific Gravity for Blend

N
\

Composite G, for one stockpile

J For stockpiles that include More than two aggregate sources

» One value must be determined for the stockpile.

d The average G, can be calculated as follows:

P1+P2+Pa+---...P

G, = L where
S T S ST
Gl GE GB G?l

» G, =bulk (dry) specific gravity of the aggregate
» P, P, P;, P, = Percentages by weight of aggregates 1, 2, through n
r G, G,.G;.G, =P, P, P;. P, =Percentages by weight of aggregates 1. 2. through n
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Absor&@ﬁ (A) for the aggregate Blend

_\\‘

J The absorptiveness of aggregate is of significant interest to the mixture designer and specifier.

» Absormption can be an indicator regarding aggregate quality along with increased binder demand.

d The binder absorption is typically 40 —80 percent of the water absorption rate

J The water absorption rate is calculated by the following equation as outlined in AASHTO T 85

Absorption,% = BA%A X 100

» A= mass of the oven-dry test sample

» B=mass of the saturated surface-dry sample

J The average water absorption for the total aggregate blend as shown in AASHTO T 85 is calculated

as follows

P xA +P xA +..P XA
1 1 A 1020 1 1 , Where

Absorption % =

» P, P, P,=Percentages by weight of aggregates 1. 2, through n
» A; A, A, = absorption of aggregates 1. 2. through n
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And the obtained combined grading was as follows: -
i I u-;
- - ot 1004 L i SR
3/a" (19) | 99.9 20 - 100
12" (125 | 84.8 71 : 90
: BN : 3/8" (9.5) 724 56 . 80
Test Name Test Result No.4  (4.75) 47.1 a5 . 56
- Sleve Analysls: - % Passing by Weight No.8  (2.36) 299 | 23 - 38
1 (25) o | 100 | to0 | 100 | 100 ot A 68 2 > B
3 [4" 7‘(_1.9) 99 100 100 100 100 No.50  (0.300) 10.0 5 - 17
2" (12.5) Ll 54 100 100 | 100 No.80  (0.180) 7.8 a ” 1
Sieve /8"  (9.5) 1 11 80 08 100 No. 200 (0.075) 5.2 2 . 8
Nt m : (4. ;i) I 1 14 55 98
(Size, mm): |=—— (2.36) 1 1 2 4 86
No. 20 (0.850) i 1 2 3 47
No. 50 (0.300) 1 1 1 3 27 Bulk Specific Gravity of Combined Aggregate T (Gsh)= 2.723
No. 80 (0. 180} - 1 1 1 2 21 Effective Specific Gravity of Combined Aggregate = (Gse) = 2.7719
No. 200 (0.075) 0.4 0.6 b,p | 1.9 13.5 Abgorbed Asphalt by Weight of Aggregate (Pha) = 0.75%
-specific |BulkSG. (OvenDry) | 2.748 | 2.741 | 2.736 L2718 | 2.703
Gravity Bulk SG. (SSD) 2,797 | 2.791 | 2,788 | 2,782 | 2.773
(sG): Apparent 5G, 2,890 | 2.886 | 2.887 | 2.903 | 2.907
- Water Absorption, % 1.8 1.8 || 19 2.3 2.6
1y ‘.” Ly il 13 e !
Coarse Agg. 1 (Hot Bin 1) 1 Agpms~ 7.0
Coarse Agg. 2 (Hot Bin 2) 2 dyar 18.0
Medium Agg. (Hot Bin 3) dndo 21.0
Medium-Fine Agg. (Hot Bin 4) e 21.0 i
Fine Agg. (Hot Bin 5) - deb 33.0
Total Paash] 100.0
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Determ
\
> Content

\\‘

¥ation of Optimum Asphalt

®. Lab procedure: Prepare trial mixtures using selected
aggregate proportions with various percentages of AC
) within limits of mix spec.

e Each trial mix is prepared to secure high density.

e Density, stability, and other properties are then
determined.

® Three mix design methods:

Marshall
Hveem
SuperPave

® Methods differ in: compaction procedure and strength
tests.
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Mix Design Methods

1890 1920s 1927

- Barber . Clifford * Hubbard - Francis

Asphalt Richardson Field mix Hveem
Paving

Company

design

(2015 - present ) ' ) 1943

« Balanced mix design
(Performance-Engineering mix * Superpave
design)

* Bruce
Marshall

)

Currently
used in
Jordan a1




R
@*

T\\‘
\

MARSHALL
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Marﬁ\@ll Mix Design

\\‘

e Developed by Bruce Marshall for the Mississippi Highway
Department in the late 30’s

S e US Army Corps of Engineers (WES) began to study it in 1943

for WWII (airfields) o S, d!g,,é_ns.-s- &+ 429
Evaluated compaction effort

e No. of blows, foot design, etc.
e Decided on 10 Ib.. Hammer, 50 blows/side, 18" drop

O A ) S sy SO 5

e Initial criteti

1a were established and upgraded for increased
tire pressures and loads. 1<

43



Marg‘&}ll Mix Design Procedure

\_~ LT & ~ & -
L W = AP |

Step 1: Aggregate Eluatlon -Eees
® Determine acceptability of aggregate for use in HMA

(L.A. Abrasion, Soundness, Sand Equivalent, Flat &

w ).
o(Ifa rega%p gcepteLd perform the following aggregate

fests:

e Perform blending calculations dev1ate from ma
K \fﬁ% %""'")"3"03

density line to increase
® Pr

aggregate retained between sieves times aggregate

Mo

HNay3Bus 2 1150 Cyps N8 0 40979 im0 et Loaitz &

o
44



S&&l\men weigh-out table

-

Sample 1150 PR 500800 2GS P @ojyhg»&,&iﬁg-ﬁ
wt = -
g0
Spec épec W S‘/,,e\\}) c':l.Q)l YLy
?Q_ Diff
Sieve lower Uper Mid %Pass Mass (g) Cumulative

1" 100 100 100 Mass (g) Pass Ret.
B o 100 95 21 o . 575 1 3/4"
12" 71 90 805 145 166.75424.25 3/4" 1/2"
38" 56 80 68 125 143.75 368 1/2" 3/8"
#4 35 56 455 225 258.75 626.75 3/8" # 4
#8 23 38 305 15 172.5 799.25 # 4 #8
#16 13 27 20 105 120.75 920 48 #16
#50 5 17 1 9 103.5 1023.5 #16  #50
#100 4 14 9 2 23 1046.5 #50  #100
#200 2 8 5 4 46 1092.5 #100  #200

o 5 575 1150 #200  pan
Total 2p0d3to -1 1150 <1 -\’-"fjﬁ



Marsl%@ﬁ\/lix Design Procedure Cont.

I Slepls) Bl <3 320
Step 2: Asphalt cement evaluation
| . ® Determine appropriate asphalt cementigrade for
i type & geographic location. « — e ol bl x
e Verify that spec. propertiesare acceptable:
o DeterminerACIISCOSityaSIG. « Ao, o 52l

e Plot viscosity data on Temperature - Viscosity
plot.

® Determine mixing & compaction temperature
ranges from plot.
Mixing viscosity range (170 +- 20 CSt)
Compaction viscosity range (280 +- 30 Cst).
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l&Xing /Compaction Temps

Viscosity, Pa s

A

10

—| Compuaction Range

| Mixing Range

/

IR~

N

100 110 120 130’3140 150 160 f6176 180 190 200
5

Temperature, C

W ses) Nl Jeoms 30020y ik glodnyap abactle




Mars §Mix Design Procedure Cont.
haft g

Step 3: Preparation of Mars S'pé‘cimen

® Dry, then sieve aggregates into sizes (individual
. sizes), atleast 18 samples (1150 g), total of 25 kg &
4 liters of AC. &il&v Z~vcRelY(gd o300

e Weigh out 18 specimens in separate containers and
heat 9 miXing (eMPETAMLE: & 2oy Lo\ vretg] 2
e Weigh into separate pans for each test specimen the

amount of each size fraction required to produce a
batch that will result in a compacted specimen 63.5

+ 1.27 mm (2.5 £ 0.05 in.) 1@14}‘}%{;‘]):1} (abgo%f%l%%gaggg 5
e Adjust quantity of aggregate by Q =4(7“.5 /H1 *;1/50.

Heat sufficient AC to prepare a total of 1{3‘@'0 &&meng

o S cSw S e T s
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Marsl%@ﬁ\/hx De51gn Procedure Cont.

I r’ AN T A— | Y S

'AC to measure Rice or Maximum theoretical S.G. (TMD =
CaF D ~AnSal .| o-éu‘,é_‘{?_)
A0 M| WULM M = WY
e Note: Some agg‘#ges remqu% that Rice S.G. cofl)zd'u’(’:lf‘e’d at all

asphalt conten%_f&w,dﬂ M,%N# =5/ 5 Shaul Qv L5y

Precision is better when mixture 1s close to optimum.

Marshall mold is 41nch dlameter X 2.5 inch height).
*/op*mrcd\a T by

_ . = )
k A 1! 1 M S Clal Sad T8 Y /) A ) -_
- —

Tpdts 49




Marsl%@ﬁ\/[ix Design Procedure Cont.

mpichionaly)s meld 3 Qb DUST Q4oL

v @

o
“'\:9 __' Vs sk

(5125 com 2 )n &5 S amp. LG b

e Place paper disc into preheated nd poor
in loose HMA. Fill the mold and attach the mold and base

plate to pedestal. oGS
e Place the preheated hammer into the mold and apply

appropriate number of blows to both sides.

}‘w.o 22 ,.3 SC’L D&



Mixing

Place bowl on mixer and mix until
aggregate is well-coated
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%@rshall Design Criteria

N
Light Traffic = Medium Traffic Heavy Traffic
ESAL<10* 10%<ESAL<10°® ESAL>10°

wCompaction 35 50 75
Stability N (1b.) 3336 (750) 5338 (1200) 8006 (1800
Flow, 0.25 mm (0.1 in) 8to 18 8to 16 8 to 14
Air Voids, % 3to5 3to5 3to5
Voids in Mineral Agg.

(VMA) Varies with aggregate size
Voids Filled w/Asph 70 to 80 65to 78 65to 75

FA) [some agencies]
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Minimum V.M.A.—Percent

i@%um VMA Requirements

Nominal Maximum Aggregate Size - Millimetres ' 2

@ © Yo wn (=) < w0
40 ¢ 140

30

20

115

15

10 E 3 B Ry S B B B 3
16 8 4 3/8 1/2 3/4 1 12 2 2%

Nominal Maximum Aggregate Size - Inches 2 53




Marsl%@ﬁ\/lix Design Procedure Cont.

Py SRR 2y compacio\ils b 2®
® Remove paper fllter from top & bottom of
specimen and allow to cool then extrude

from mold using hydraullc ] ck.

e Mark and allow to sit @” rdom temp.
overnight before further testing.

e Determine BulEbS .G. of each compacted
specimen. ‘5——”"“’34“5@461@\\5 =

e Measure Rice S.G. for the loose mix
specimen. &— opkmw@ols,gb&boék_&s

LYoo L0 W oy o\l volimen wss )99 ¢,



Bl%&QS.G. of Compacted Mix

I ¢ Determine the‘tffieiht of the compacted
' specimen in air/(4). SN v Py

® Immerse specimen in water (25c¢) for 3 -5
minutes and record its weight/(€) ¢ *“b

e Surface dry the specimen and determine SSD

weight (B).
e BulkS.G.=G,,,=[A/ (B-C)]C@m'o,ziad}(, Sl S
G Wdry &'Q—C/):;Dg\f) Sl o &
mb —

‘ o I of /s
W, —W s A8 26 B



ompacted Mix Cont.

PYCHNOMETER CALIBRATION
CALBKATED §39€



»

\\‘

uolu%_,g', X e, . o) & B

Required for void analysis.

If the mix contain absorptive aggregates, place loose mix
in oven for (4hrs) at mixing temp. so that AC is
completely absorbed by aggregate prior to testing.

Separate particles.....Cool to room temp......place in
container....determine dry weight (4).

Fill pycnometer with water & take wt. (D). | s (£

Put the asphalt mix sample in the pycnometer & add
water to fill it @25c.

Removed entrapped air by vacuuming until residual
pressure manometer reads 30 mmHg or less. Maintain
this pressure for 5 to 15 minutes. Agitate container
while vacuuming.
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%@e S.G. of Loose Mix

\\‘

@ Fill pycnometer with water....dry outside....take wt. (E) = Wt of
" Pycnometer + Aspahlt mix sample + water.

. o G, .=TMD=[A/(A+D-E)]

G — thix—loose M
mm Wit Pl \pst Wit

pyc—+wl loose
e Iftestis conducted on 3 specimens mixed at or near one value
optimum....Average 3 results....then calculateffective S.G. (Gse

aggregate.... Then calculate Gmm for the remaining mixes with
different AC contents. S A

e If Rice S.G. is found for each mix with different AC..... Then calculate
Gse of aggregates in each case.... Then calculate Average Gse...... then
calculate Gmm values using the average for all five mixes.

pyc+w2+mix
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Specific Gravity for Asphalt Mixture

TheoreticallMaximum Specific Gravity Gmm

4
\\‘

hree specimens prepared at specified binder content

Gmm SpecimenNo.1

——
Gmm SpecimenNo.2

Gmm SpecimenNo.3

—

Gmm

mix

_ (GmmS; , Gmmg, + Gmmg,)

3
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g@%eights of Total Mix

I WL, = Wi, + WL,

Pl = ap *100 P,
T W, P

A WX%

Wi
Pl = Wtagg *100= P, =100 R,/
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sg\\%.G. of Aggregates

\\‘

Q5% e 4y Lo

@E S.G. of qu —
Ry, =% Dby wt of materiali

combined G . i=1
oY aggregates' sb,comb ~ P
Wit

Vip  HORT V€

Gsb = [(P1 +P2 +P3)/ ((P1/G1) + (P2/G2) + (P3/G3))]

P1,2,3 = % by wt of aggregates 1,2, and 3
G1,2,3 = Bulk S.G. of aggregates 1, 2, and 3

Absorption of combined agg = [(P1 A1/100) + (P2 A2/100) + (P3 A3/100)]
Where A1,2,3 = Absorption of aggregates 1,2, and 3
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Ef{\é(}ive S.G. of Aggregates

N\
Gse = Ratio of the oven dry wt. in air of a unit volume of a
permeable material (excluding voids permeable to asphalt)
.‘at a stated temp. to the wt. of an equal volume of gas-free
distilled water. Gmwn 2y g PR

Ps = % of aggregates by total wt. of
mixture = (Pmm =100) - Pb

G [
se.comb — Pb = % of asphalt by total wt. of
| 1 O O Pb mixture

'\*"593@5@;‘;;’( ( ; G Gmm = Max. theoretical S.G
mm as 2P
p"\"'Gasp = Gb =5.G. of asphalt ‘F-;é‘il?’,)
© P huns

80 (QoiBmd @ 3 4dels Somb VS
) value > ~$~3, @fpfbﬂbbé\:ﬁg"‘w&u&@%

b E

-

2



%ﬁax. Theoretical S.G

- -
Gmm = Ratio of the wt. in air of a unit volume of an
uncompacted bituminous paving mixture at a stated temp. to

the wt. of an equal volume of water. _ o
q ync'?/‘“‘“’g@

VS 5.9 Y7 QoS

Gmm = (Pmm =100) / [((100 - Pb) /Gse) + ((Pb /Gb))]
M%
S 100 7 TiPs) /€64 + (b /GB))]

Ps = % of aggregates by total wt. of mixture = (Pmm =100) -

Y V4

Pb = % of asphalt by total wt. of mixture )
Gse = Effective S.G. of aggregages N vSM S Bmm Cmd N Ao
Gb = S.G. of asphalt 4 b >
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@%’nsit Void Analysis

L]

= Ymix

WEIGHT-VOLUME RELATIONSHIPS FOR ASPHALT CONCRETE

WEIGHTS

...... .‘ - X - 5

Wt,;,=0 AIR Vi ¢ Ve
X A VMAT
ASPHALT Vi =V Ve
W t;sp b asp v
Vim
W ( AGGREGATE Vagg se Veggah
v v v v vy

1 =Vmb



Volu@ic Analysis (Phase Diagram)

\\\
Representation
Mix Specimen of Volumes
Com_pacted ._ﬂ«sphalt with Asphalt in a Compacted
Mix Specimen Removed Asphalt Specimen

g Air Voids

VMA < Effective
Asphalt

Al

Air Voids
VMA

Asphalt

Aggregate Aggregate< Aggregate

.

Note: For simplification, the volume of absorbed asphalt is not shown.

Total
Asphalt




Volu@ic Analysis (Phase Diagram)

MASS g MQ‘-’JO.«@{&D 040 VOLUME (e )
b M=o AIR R I
M, M. {284 EFF. BINDER =t V'{* V..
¢ )
i M..} | o[ABS. BINDER] 4 | Vs Y
‘o s e, toens el A
e s Teme s "
> Fonel Ll vel Vo
%‘J‘)Jﬂg, -[,& N N L NN "
~AC - R - - A -
.2 &MW?Q S e V) bl volnk
' e 2 AGG e Ve
s Zg) [ SR S50 oPagy
F ool Ll aneR]
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Phase Dig

Term S‘Q

\\‘

VOLUME {em?
N m&x W‘%\ol&k .
dersity \ AR !
Vmb | Total volume of the '!J‘].‘!’ q ) |
N compacted specimen } Y 'f*r;l; il ;Qg .
"Vmm | Total volume of the loose X
mixture mﬁ au
Va Volume of air voids ‘Q {'.-\:\4 Vi
Vb Volume of asphalt binder M. :"-L‘_
Vbe | Volume of effective asphalt ﬂ BS B|ND t Voe Y
binder s oa s
Vba Volume of absorbed asphalt | fee.s. _opes. -
binder SYLR 4 Vg
Vsb | Volume of aggregate U,
Vse Effective volume of aggregate !
VMA | Voids in the Mineral mm
Aggregate = Vhe+l 2 S CLY S
t‘dﬂ '8 Uﬂ,n bdﬂ T: ﬂ'c’
S e °n e @e % g

R BT A S Y-

52



Y V4

Vsb = ))“M"’ ve kime x
bk dorsidy

Mmb | Total weight of the compacted
specimen

Ma | Total weight of air voids ( =
ZERO)

Mb | Total weight of asphalt binder

Mbe | Total weight of effective asphalt
binder

Mba | Total weight of absorbed
asphalt binder

Ms | Total weight of aggregate

Vse |Effective volume of aggregate

[w ﬁ'qﬁ{ "7‘}7 :
(R i%’t

ABS BIND

Jf

. i

q-_.,uu- ' ﬂ'qo,nu :
=

ﬂﬁﬂ Gﬂ'ﬁﬁ

.ﬂ',ﬂ S & 0 D &g
l:,;-_.,u =T = DU

3 .
ﬂﬁﬁ G* ﬂﬁ'ﬁﬂ {




Select Volumes for Display
VIAggregate

_|Voids in the Mineral Aggregate (VMA)
__|Asphalt Binder

__|Air Voids (Va)

HMA Close-Up

Aggregate

A

Volume Diagram
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Select Volumes for Display

LI S,

VIVoids in the Mineral Aggregate (VMA)
__|Asphalt Binder
_|Air Voids (Va)

HMA Close-Up

Aggregate

Volume Diagram
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Asphalt [v
The @metric relationship HMA

Select Volumes for Display
VIAggregate
VVoids in the Mineral Aggregate (VMA)
V| Asphalt Binder
_|Air Voids (Va) Effective
Asphalt Binder Asphalt Binder
/ Absorbed
VMA Asphalt Binder
Aggregate
HMA Close-Up Volume Diagram

Image source:https://pavementinteractive.org/reference-desk/design/mix-design/hma-weight-
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P Y R

72


https://www.floridaridesonus.org/learning-center/asphalt-101/
https://pavementinteractive.org/reference-desk/design/mix-design/hma-weight-volume-terms-and-relationships/
https://pavementinteractive.org/reference-desk/design/mix-design/hma-weight-volume-terms-and-relationships/
https://pavementinteractive.org/reference-desk/design/mix-design/hma-weight-volume-terms-and-relationships/
https://pavementinteractive.org/reference-desk/design/mix-design/hma-weight-volume-terms-and-relationships/
https://pavementinteractive.org/reference-desk/design/mix-design/hma-weight-volume-terms-and-relationships/
https://pavementinteractive.org/reference-desk/design/mix-design/hma-weight-volume-terms-and-relationships/
https://pavementinteractive.org/reference-desk/design/mix-design/hma-weight-volume-terms-and-relationships/
https://pavementinteractive.org/reference-desk/design/mix-design/hma-weight-volume-terms-and-relationships/
https://pavementinteractive.org/reference-desk/design/mix-design/hma-weight-volume-terms-and-relationships/
https://pavementinteractive.org/reference-desk/design/mix-design/hma-weight-volume-terms-and-relationships/
https://pavementinteractive.org/reference-desk/design/mix-design/hma-weight-volume-terms-and-relationships/
https://pavementinteractive.org/reference-desk/design/mix-design/hma-weight-volume-terms-and-relationships/
https://pavementinteractive.org/reference-desk/design/mix-design/hma-weight-volume-terms-and-relationships/
https://pavementinteractive.org/reference-desk/design/mix-design/hma-weight-volume-terms-and-relationships/
https://pavementinteractive.org/reference-desk/design/mix-design/hma-weight-volume-terms-and-relationships/

Asphalt [v
The @metric relationship HMA

Select Volumes for Display

VIAggregate

VIVoids in the Mineral Aggregate (VMA)

V| Asphalt Binder om— | |

V]Air Voids (Va) Effective
Asphalt Binder

Asphalt Binder

Absorbed
Asphalt Binder

&

VMA

Aggregate

HMA Close-Up Volume Diagram
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Dens&@% Void Analy51s (Volumetrics)

= or
‘V =V, = Wtasp é\sw sb; M’d{o‘ Wtagg
asp b -
Gasp *7/W - Gse comb 7/W
%6\;'\" Y bJ=VS b- Ke .9"
V _ Wtagg pett _Vagg sb Vagg —Se
agg-sb G *
sb—od,comb  /w Vbe :Vb _Vba

NEREV 7

Vs Gl 8] Bp A&
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00 Air Voids

®

« Voids in Total Mix = Air Voids : The total volume of the
‘small pockets of air between the coated aggregate particles
" throughout a compacted paving mixture, expressed as % of

the bulk volume of the compacted paving mixture
Botg s ios, Ko W U o ey LD 220
eLow VTM ... Minimize aging, permeability, and stripping.

1O 5l Sldlbnie & szlsleticanl o WM:&&‘_{&@M /
$96se g0 . -G b Ay

o b YV = P, =VIM = —"——F N~ .
| Gom N0

%Vair =100* (1_Vb _Vagg—se)

3 < %Vair <8
T e 220 ) Ay Mac v B0 75




D@%ity of Compacted Mix

I Wt +Wit,
N 7/mix:7/mb:Gmb7/w: - =

\ [Vasp +Vagg—se +VaiJ 13&4}7_,3
max densily Wt,, +Wt,,
Y m = Gmm7/ w o
(Vasp +Vagg—se Yinm

Density of water = 1000 kg/ m"3 (62.4 lb/ft"B]jE.'}_’. ‘»L’Fp/l{
ZAgpeY)
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dei‘& Mlneral Aggregates (VMA)

®. . The volume of intergranular space between the aggregate particles
of a compacted paving mixture that includes the air voids and

Y V4

e VMA =V effective asphalt + Vair
e Doesn’tinclude volume of absorbed asphalt.

volume of the asphalt not absorbed into the aggregate.

e Low VMA affects durability....lower effective asphalt oxidize
faster..... Thin film coatings are/easily penetrated by water.

H W 0 V&L G 35 8 B2Gp0 Goso lla, YU WA S
S S Lot au s 2

%VMA =100— G P
C aef/ s sh—od ,comb
BoVMA = 100*(1 Vige-sb)

> a2y d.
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Voidi‘@ Mineral Aggregates (VMA)

e VMA represents the void space between aggregate
> particles. G , |
A8 el g Y covertiabe 200l

. ® The goal is to furnish enough space for the asphalt
binder so it can provide adequate adhesion to bind
the aggregates, but without bleeding when the

temperatures rise, and the asphalt expands. <.
O M

min vallie §sssAs Wso\gza) L2 sl
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Voidi‘ﬁ Mineral Aggregates (VMA)

Minor Factors af ectiﬁg VMA: o SMoul E45

_ Stiffer binders can increase the resistance to the
compaction resulting in increasing VMA.

Asphalt binder will add lubrication to the mix and
increase the ability of the aggregate structure to consolidate. Binder
content changes around optimum will have minimal changes to VMA.

Y V4

an increased VMA .
Aggregate shape, strength and texture
e More cubical or angular materials will increase the resistance to

compaction.

e Rougher surface textures will increase the resistance to
L Y
compaction.

e Aggoregate strength is critical since a weak aggregate can degrade or
break down during compaction, thus changing the gradation ané

SreatyimpactingTMA _\ 1 ne o dep il 3er o




- VMA o\ oE L2/
visc ) bindoge izd 4 & iay ¢ Shaulisss @ -linor
Ao Vg3 compadon 3ta) (It boaciSs Ly

AN L5tk isy Mds Sl -+ S 350
compid Aty sk s o G, V5 46131 5 20 5o
Ophmun o 4 T8 S 38+ Ss M,
VMR 15 more vissf i) pavg) oot @
Go\Tooe) 4% gy SanpcM s L i,
UM ,g,,laca@/@lméhsw oy




Voidi‘&% Mineral Aggregates (VMA)

- -
Major Factors affecting VMA:
Type and amount of laboratory compactive effort

\ e A higher number of gyrations or number of blows will
also decrease the VMA in a compacted specimen

e Gyratory compactors utilized in the Superpave system

impart significantlmnergy into a specimen than
traditional impact sused i in the arlell

method and Therefore, the Gyratory compactors will
result in lower VMA for any given blend of aggregate.

Aggregate gradation

e The gradation of an aggregate blend is perhaps one of
the most influential factors governing VMA
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Effect ofAggregate Nominal Max Size

on VM

———
\\ AL L A AN : Y A ,“

As the nominal maximur aggregate size of the mix décteases
“'the surface area of the total aggregate structure increases.

o T-IAY- -t/ ) | v,

® Therefore, the percentage of binder necessary to adequately
coat the particles increases.

the target air voids (V,) typically remains the same,

The VMA must increase to allow sufficient room for the
additional asphalt binder.

muaﬁ p;r%)e(ye.p\_o’l{ o« |
e iy g d s e i

U
1
1
U
1
k

Surface area of a sphere = 4nr?

J‘; } l/ M 8 - 1” Spheres 64 - 1/2” Spheres
. Surface area per Surface area per
sphere =3.14 in? sphere =0.79 in?

- s = - ,181
Total Surface area = 25.1 in? Total Surface area=50.3 in




Minimum V.M.A.—Percent

1.18

Nominal Maximum Aggregate Size - Millimetres .2

2.36
475
12.5
19.0
25.0
375
50

63

10
o

16

8 4 3/8 1/2 3/4 1 1% 2 2%

Nominal Maximum Aggregate Size - Inches "2

Jd UM g parkil 2N, §s

Mimmum VMA, percent
Particle
Sigal? Deesign Air Voids, Percent’
mm in. 3.0 4.0 5.0
1.18 Mo 16 21.5 22.5 235
2.36 Mo, 8 19.0 20.0 21.0
4.75 Mo, 4 16.0 17.0 18.0
9.5 1 14.0 15.0 16.0
12.5 ¥ 13.0 14.0 15.0
19.0 t 12.0 13.0 14.0
25.0 1.0 11.0 12.0 13.0
37.5 1.5 10.0 11.0 12.0
50 2.0 9.5 10.5 11.5
63 2.5 9.0 10.0 11.0
MOTES:

1. Seandard Specification for Wire Cloth Sieves for
Testng Purposes, ASTM E11 (AASHTO M 92)

2. The nominal maxmum particle size is one size larger
than the furst sieve to retain more than 10 percent.

3. Imerpolate minimum voids in the mineral agprepate
(VIAA) for design air void values between leszed.




Evaluat@ of VMA curve with binder content

d

With the increase in asphalt, the mix
actually becomes more workable and )
compacts more easily, meaning more‘rfé

. weight can be compressed into the unit
Volume

S Therefore up to a point, the bulk den51ty of the
‘w9 Mix increases and the VMA decreases

‘

At some point as the asphalt content
increases (the bottom of the U-shaped
curve), the VMA begins to increase

because relatively higher specific

ravity material (aggregate) is
i and pushed apart by the
lower specific gravity material
(asphalt cement).
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\

Void@lled with Asphalt (VFA)

- -
I @ The % of the volume of the VMA that is filled
. with asphalt cement.

e VFA =[Veb/ ((Veb + Vair) = VMA)]100

ot
veb

de«

Uo'vq
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E‘f?ective Asphalt (Pbe)

\\‘ &
I _ &y 2w
e Available for coating, binding, or filling voids.

.~ ® NOT absorbed by aggregate.
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> :
N Density
S

- -
Madx  fobedds e
e |used to control quality during

- construction D

» 9% of max theoretical lab
density

mm mm7/w

Y V4

e 9% of optimum lab density

compare with field density

e nuclear density meter
(non-destructive)

e cores

D.o_fietd = Crmb—fieldVw
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h{[\é?shal Stability & Flow

-I_\\ Sl ST &AL e
e Stability: Maximum load carried by a
L. compacted specimen tested (@ 60c) at a
loading rate of (2 in/min). @
e Stability is affected by angle ot internal
“kiction of aggregates & Vis@osity of

asphalt. _ o e
e Flow: Vertical deforrEr"T;\tiT)grﬁl)f the sample

in hundreds of an inch (0.01 inch) or (0.25
mm).
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Ma@al Stability & Flow Cont.

(BB

e Heights o M
Used to correct stability measurements.

Prepared LAB Specimens within the (63.5+-3 mm = 60.5 mm to 66.5
mm) range are generally acceptable; applying correction factors within

this range can still improve the accuracy of the test results, especially
when high precision is required.

Y V4

Correction is mainly required for core specimens since they might have
thlcknes Ses dlfferent than the standard as per ASHTO T245.

o Stablhty and’ﬁ‘?\"/\'; f_ﬁcmék%ox oy Iode)

Specimen immersed in water bath @ 60°C}or 30 to 40 minutes.
Remove from bath.... Pat with towel..... Then place in Marshal Testing

head. Lown § 0. Y < 2\eP SIS Moy 2559309518 Flowgic s
Apply load @ 2 inch (50 mm)/min loading rate. , 4/ Mpig”:;j‘ 950, Unit
Max. load = uncorrected stability (N or Lb). Ol ] 45k

Corresponding vertical deformation = flow (0.01 inch or 0.25 mm)
WhenToad start to decrease, remove flowmeter.

Note: Test should be completed in 60 sec. 88



all Stability and Flow
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Te b'@lng & Plotting Test Results

® Tabulate the results from testing

® Correct stability values for specimen height
(ASTM D1559).

e (Calculate Avg. of each set of 3 specimens.

e Prepare the following plots:
%AC vs. Unit wt. (Density)
%AC vs. Corrected Marshall stability
%AC vs. Flow
%AC vs. Air voids (VTM)
%AC vs. VMA
%AC vs. VFA

920



S@ity Correction Factor

CORRECTIQN FACTORS
..................................... 25&9@5’ ,\.'-‘Zj_\-----__-_------____-----____-_--
—=
Correction Factors ﬁ*ﬂbm—&’glﬂd—
Volume of Approximate
specimen in Tr‘:i‘c):knass of Correction [‘jt’fﬁ‘dm\'é«’ 3)
cm? Specimen in mm Factors *
457-470 57.1 1.19 shzbla 2571
471-482 58.7 1.14
483-495 60.3 1.09
496-508 61.9 1.04
509-522 63.5 1.00
523-535 65.1 0.96
536-546 66.7 0.93
547-559 68.3 0.89
560-573 69.9 0.86




Table 2—Stability Correlation Ratios™”

Approximate
Thickness

Volume of of Corre-

Specimen, Specimen, Lation

cm’ imn. mm Ratio

According to AASHTO-  =ewan 0 e ass
T.245-97 (2008): e SR
“Note 7—For core sV os 30
. 3021 X6 Rt 8.1 178
specimens, correct the 317018 e 7 25
load when thickness is Wl i o .

other than 63.5 mm (21  &on  4r S
12'in.) by mews o

- ba

. 471 1o 431 g P 534 I35
US|ng the proper 433 1 443 2, 540 132
444 1o 456 ot 5.6 .25

multiplying factor from I
471 i 482 M 5R.7 .14

4T 1o 405 .t i3 104G

Table 2 . A58 1o 508 i 6.9 L
S0 1o 522 ' 63,3 100

53% 1o 535 Pha 65,1 (G

536 1o 546 > 66T 093

547 In 559 2" 68.3 (i

SE0 1o 573 >4, 605 086

574 1o SRS 2% 71.4 .81

SEE o 508 27 3.0 0.8l

S0 o i 11D 2% 74.5 o7&

611 1o 623 3 6.2 0. 76

The mearained aabadiny of o specimen meligdied by S rates S the theckness 92

of the specimen equals B coamected sibdlay S a 635 mes (2 -in ) specime

L] Taoalimee-thichkn=< redalinridmim i< hagoe] ol 8 cisremeesn digseess=r of 10 & gun £ an b



esults & Mix Properties for

Marshall mix

Sample # %AC Wt. in Air Wt. in Wt. in air Volume . Air Voids VMA VFA Measure Corrected FIow
(Dry) water (SSD) ’ m Max tabjlit Stability
) | == M?‘” ‘ﬁ + LI
7 ANy ) mitss| - ,b’.\‘ui-‘.' 5 A 0. 25»-
% / : 34 v ..J‘
/ otrosl
100) 7 /_/
1167.8 650.7 1169.0 518.3 140.6 2400 2400 11
1 |50 bpee o 15 g 2
-~ Y - -
o> O . No -~ 2.25
q vohme -~ o
2.25vk (n /r‘i)
1164.9 647.0 1166.2 519.2 142.0 2630 2630 11 I.
a2
a2y
3 1165.1 651.0 1167.0 516 140.9 2560 2560 11
conlpealel o Plupoted =
sanle
AVg 140.5 ,153.1 8.2 18.3 55.2 ‘ 2530 11
one Udllw
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4

Weight in Theoretj-
Sample Asphalt Weight (o Waler Weight in Bulk cal Max Voids Measured Comrecled
No. Content | Air (Dry) (SSD} Air (SSD) |  Volume Density Density | Alr Voids VMA Filled” Suabiliy Suabiliy Flow
1 50 11678 6507 169.0 5183 1404 2400 2400 n
2 11649 6470 11662 w2 b a0 2%3%0 2%30 n
3 1168.1 1.0 11610 5160 1409 246 o 2
Average . : 1405 1531 82 183 52 5% I
B S T S S S e e Wt . R N N
1 55 11664 652.4 1618 s15.1 TIL S 2520 2930 n
2 ' 1™ 6614 1180.6 5192 1417 2690 2690 2
3 1694 0.9 1N 5201 1403 2650 2650 13
Avenage : 1411 1525 15 184 $92 2620 V)
"'——'l_"""-——-—--—-———-——-—-———-—.._.__ ]
2 11811 6647 1181.9 5172 1425 . 2710 20 13
3 11873 670.9 1189.0 S18.1 1430 ¢ 2980 2080 "
Average s’ 1513 ) 181 6.0 o 13
] 63 142 6614 M7 5131 1428 2800 2800 2
2 11853 17 1186.0 5183 1427 1m0 70 1B
3 11823 1 nay 5152 1432 ) 2500 2900 1"
Average 1429 1499 47 18.] T3 2810 13
1 10 um™ | uns ) 1427 220 ux 1
2 1834 665.4 11836 5182 1425 270 M0 i
3 11528 6157 11913 5176 1438 219% ™0 15
Average 143.0 1485 37 186 8.1 2780 14
————— *mﬁ:m S a———
1 15 1819 6633 11823 TT 2650 2650 1%
2 1170 02 uns 5133 1426 2380 2380 16
3 2 | e g7 " 5166 1428 2% /z.m 14

1 X1 [jeysaey 105 saniadoi] XA pue sinsay 1sar1 "91—¥ 2[qeL,

©
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MARSHALL STABILITY-LBS.
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Figure 4—24. Graphical Illustration of FIMA Design [Data by Marshall
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Deter@ation of Optimum AC Content

&N
I @ National Asphalt Pavement Association

. (NAPA) Procedure

e Asphalt Institute Procedure

96



@ (NAPA) Procedure

\\‘
I Air Voids, %

\

49,

Asphalt Content, %

Target optimum asphalt content =
the asphalt content at 4% air voids

97



ishall Design Use of Data
39 NAPA Procedure

S
I Stability

\

o fok

Asphalt Content, %

The target stability is checked

98



M rshall Design Use of Data

3§ NAPA Procedure

\\‘
Flow VMA, %

upde

tUpper limit

L wer lelt I;,wg:/Mlnlmum .........................................

Asphalt Content, % Asphalt Content, %

Use target optimum asphalt content to check if these

criteria are met
If not - adjust slightly to meet all criteria if possible; else
change gradation and repeat analysis

— - Y
-y '\ v | P A ol ¢ -
! ' ry _" s -

e’ N/ -
—
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Marshall Design Use of Data

‘ sphalt Institute Procedure
&
ir.Voids, % Stability Unit Wt.

— -

\
\

49,

A 4

sphalt Content, % Asphalt Content, % | Asphalt Content,
é) Acl AC2 A3

Target optimum asphalt content = average
A -...-I'*. ‘ - - IJS ) ‘ ”z ’,’ -j—:’
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Marshall Design Use of Data
N

S Asphalt Institute Procedure
w Flow VMA, %

Upper limit

\

Y D000 0 0000000 EEEm B

Lower Limit

, Asphalt Content, % Asphalt Content, %

Skac,

Use target optimum asphalt content to check if ALL
criteria are met

(If not - adjust slightly to meet all criteria if possible;

else change gradation and repeat analysis)
%_ﬁ:)&a‘; ) D g @5 “He 101



¥Prshall Design Criteria

n

\\‘

Light Traffic Medium Traffic Heavy Traffic
ESAL<10* 10%<ESAL<10¢ ESAL>10°

\ ‘Compaction 35 50 75

Stability N (1b.) | mmn 3336 (750) 5338 (1200) 8006 (1800

Flow, 0.25 mm (0.1 in) 8to 18 8to 16 8 to 14
YJ :3__[-__5,' O J'sl
Air Voids, % 3to5 *3to5 3to5
Voids in Mineral Agg.
(VMA) Varies with aggregate size
Voids Filled w/Asph 70 to 80 65to 78 65to 75

FA) [some agencies]

102



@%um VMA Requlrements

‘b’-eoé-.z?-:si’he_s»“s“ﬁ Ciéa‘iiz‘b@l/m j’\f‘%-é)gg,l‘ Vﬂﬁﬁ @Grﬁd‘@ﬁ /o #

(\_a/ Q ....................................................... 40

30 30

Minimum V.M.A.—Percent
S

15

-k
n

10
16 8 4 3/8, 142
. : ~D/ B8 1.9
Nominal Maximum Aggregate Size - Inches 103



Gl{@%’lines for Adjustments

® When mix design for optimum asphalt

. content does not satisfy all the
requirements, itis necessary to adjust the
original blend of aggregates.

® Trial mixes can be adjusted using the
following general guidelines.

104



Y _A\\r__-J_ O T _  Oa 1 *T1s

» vl UM of girveda! Qo condt
- -
>y 5 VM 394 A8 s ®

® 'VMA can be increase by

ﬂ&. | 5281 Lo s ) 28 Q) Ed Vg ©
e Or, Alternatively,

(only if the asphalt is more than whatis
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. sjmbi]%ﬂ&;d suoid i 3 s bra0 &
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AN

S ) :
Ny .
l/‘ D 5) .Cf’eo“
@ This mix can lead to reorientation of the
- particles and additional compaction due

to traffic can lead to bleeding of asphalt.

e This cam be solved by adding more
“dggregates.

S IT R, (gl N asp oljpe Mo \Ls vacial e
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® Two steps can be carried out:

e See Example 19.2 & 19.3 in text
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Matrshall Design Method

- ﬁﬁ AS i\a.‘: %.@“‘@.&&@»éw
~ Inexpensive equipment RXp\5 e + Bl 7,

» Easy to use in process control /acceptance
Cofac\ oS

e Disadvantages
P gy 39299 20 @ Isnis ke B
d&t’m&\sﬂ 5
' Does not directly consider shear strength %L \255,)

A
H' S

APy o 35
(-
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Manufactured hot, can be immediately laid or can be stockpiled for use at
future date.

Suitable for small jobs where it may be uneconomical to setup a plant.
Marshall method can be used for mix design but high penetration asphalt
is normally used (AC 200-300).

the manufactured product should be discharged at a temperature of
170F+-10. To achieve this, the aggregates are cooled to approximately
180F after they are dried but before they are placed into the mixer.

Aggregates, then mixed with about 0.75% MC-30 +wetting agent
After that the high penetration asphalt is added (opti
found by Marshall).

The addition of water is necessary to ensure that the materials remains
workable.

2% water added if material is to be used in 2 days.
3% water added if to be stockpiled.

9\9+MC/'30}D&+Q$:§;‘7’Q{@ 111
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~ used to produce this type. 5’0_5_5@ sk Blb2

® They can be used after productlon or st'/z:kplled for lgter
use. ST aby (o NVLY i}ﬂCé-w' L2

e The production process is similarto hot mix asphalt,

except that the mixing is done at normal temperatures
and it is not always necessary to dry the aggregate.

e Saturated aggregates and aggregates with surface
moisture should be dried.

e See Table 19.1 in text for suitable types of asphalt for
different types of cold mixes.
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JordaniagtNational Building council

Tebie 4.15:

JOB MIX REQURIEMENTS TO BITUMINOUS

BINDER AND WEARING COURSES
Heavy Traffic Mediun-Light
Traffic
Binder Wearing Binder Vear ing
A r) "
Marshall &e“ /)75‘ - U
Stability
st 60°C (kg) 860 1000 800 200
Flow (n;m) 2 -3.5 2 - 3.5 2 - 4 2 -4
Voids in Migeral
Aggregate (WA) 13 (-1) 14 (-1) 12 (-1) 14 (-1)
Alr Voids (%) 4 - 7 4 -6 3-8 3-5
Stiffness (Kg 500 (Min) 500 (Mia) 400 (Min) 400 (Min)
* loss of :
stability (%) 25 (max)} 25 (rex) 25 {max) 25 (mex)
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JordaniagtNational Building council

Tsble 4.14: JOB MIX REQUIREMENTS FOR
BITUMINOUS BASE COURSE

\ Property Heavy Traffic Medium-Light
Traffic

Marshall Stability

at 60°C (Kg) 750 700

Flow (na) 2 -23.5 2-4

Volds {n Mineral .

Aggregate (WA) 5 hszlﬁl(mln) 12{min)
r/"oh/

Air Voids (%) 1-8 4-7

Filler Bit Ratlo] }.3= 1.8 1.0 - 1.4

Stiffness (Kg/um) 300 (min) 250{min)

*Loss of Stability (%) 25 (Mex) 25 (Max)
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P#Pment Materials & Design ( 110401466/2104011466
Q@]emble Pavement Thickness Design / AASHTO Method

Instructor: /
Prof. TALEB M. AL-ROUSAN 2t’ g

Source:

Chapter 19: Traffic & Highway Engineering by Nicholas Garber and
Lester Hoel, Fifth Edition, Brooks/Cole.

pter 16: Highway Engineering, by Paul Wright & Karen Dixon

(d1tion, Wwiley & sons




s‘Q@Palvement Types

\\‘

Flexible Pavement:

e Pavement constructed of bituminous & granular
materials.

® A structure that maintains intimate contact with
subgrade and distribute loads to it, and depends on
aggregate interlock, particle friction, and cohesion for
stability.

Rigid pavement:

e Pavement constructed of Portland cement concrete.

e [tis assumed to posses considerable flexural strength
that will permit it to act as a beam and allow it to
bridge minor irregularities in base and subgrade.

\
\




Typica 0ss Section for Conventiona

3.% Flexible Pavement

\\‘
N — Seal Coat Surface Course 41-2in.
Tack Coat j Binder Course "2—4 in.
' F
Prime Coat } , Base Course 4-12 in.
‘ |
' A
Subbase Course _| 29% 4-12 in.
. : ¥y
Compacted Subgrade o ‘; 6in.
Natural Subgrade
FIGURE 1.2 ~

Typical cross section of a conventional flexible pavement (1 in. = 25.4 mm).



\

Pave@flt Structure Design/Goal

4Dy« TRe goal of strllaural de51gn is to determipe
“The Mumber, mater¥al composition and thlck@ss of the

different layers within a pavement structure required to
accommodate a given loading regime.

Y V4

® This includes the surface course as well as any |

~
underlying base or subbase layers $ "
03 /Dt / Je’ﬁ’ |

SNy PO Surface course -'.- o '- e FD
"'-“‘.-'."L'-'.'.'g.'_-v‘ LY v ‘ "-"- ; -'b-. SR R N
SN3 Ny e ;_.'. V_'. '--'_-:-", " Base course

p
S e » N R . - M * - - b . v ‘
U0 . 3.0 S0 B ROy S Y AR
o 2 20,0 ¢ O 0’ ro-- -Qle O °°°o‘ h ﬂ"L e
205 NR0-9 40 QR Re el )= \- R
X 3% SN °ﬁ 0 g Subbase course ibn, D

07205 40: 2
'O"-\'::o" °°°--°09'° l" '0‘.' YO o\ )97 D 020 0 4 A0

Roadbed course



Pa%@nent Structure Design

Structural design for asphalt pavement (flexible) is mainly
concerned with determining: -

2 ®  Appropriate layer thickness. L
Appropriate layer composition. “né"é)-‘
Calculations are chiefly concerned with traff’lc z__l’ ,
loading stresses.

Structural design for rigid pavement is mainly concerned

with determining:
The appropriate slab thickness based on traffic

loads. ’
S SPreeD
Underlying material prope iegé‘v IV

Joint design.



Pa%@nent Structure Design

\\‘

Experience _,4’ & _ﬁ“y 3l

For'example, local governments often specify city stréets to be designe usmg a
‘given cross section (e.g., 100 mm (4 inches) of HMA over 150 mm (6 inches) of
rcrushed stone) because they have found that this cross section has produced

adequate pavements in the past. ? . Lﬁ &\g\_‘v«g\a@\ |\ .3
Empiricaly\s/ ~AD0) \5,3,\\5‘)2)

®  Based on the results of experiments or experience ( e.g statistical models
from road tests )

This means that the relationship between design inputs (e.g., loads,
materials, layer configurations and environment) and pavement failure were

arrived at through experience, experimentation or a combination of both.
For example

California Bearing Ratio Method

American Association of State Highway and Transportation Officials
(AASHTO 1993 ) Method



aq‘@ment Structure Design

Mechanlstlc- Emplrlcal
The phenomena are the stresses, strains and deflections within a

[ pavement structure, Qg @ & Vsl s 71_,
v The physical causes are the loads and ?uaterial properties of the pavement
structure. \% A l 5 e

The relationship between these phenomena and their physical causes is
typically described using a Empirical -based mathematical model

®*  For example oo s

* AASHTO Mechanistic-Empirical pavement design (AASHTOWare
Pavement ME Design )

oo,

)& -b\;j' c"_',."‘:,.)o Ly Clima:e Inputs

phenomen
L

Predicted Performance Mechanistic Analysis

Material Properties = Traffic




Pa%@nent Structure Design

\\‘
Mechanistic

The phenomena are the stresses, strains and deflections

v within a pavement structure,

The physical causes are the loads and material properties of

the pavement structure.

The relationship between these phenomena and their
physical causes is typically described using a Mechanics-

based mathematical model

Q.
A, ) Levh 8 25D

< 5\8>)
S\ ,

Yot

{
3¢
02¢

Climate Inputs

-
o

Predicted Performance Mechanistic Analysis
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Prin \~n? es of Flexible Pavement
Design

N\
I ® Pavement structure is considered as a
L.~ multilayered elastic system. <,»2°_a;2)
® Materials in each layers is characterized by
5;, certain phy51cal properties (Mr, E,...). ¢

e It assumes that subgrade is infinite in both the
vertical and horizontal directions. — i e

® Other layers are/finite in the vertical ‘direction
and infinite in the horizontal direction.
TR d-...m

® The application of the wheel load causes a stress
distribution (See Figure 20.2)..

) @)



Principlgsof Flexible Pavement Design

3.% Cont.

\\‘

The maximum vertical stresses are compressive and occur
directly under the wheel load.

Stresses decrease with increase in depth from the surface.

The maximum horizontal stress also occurs directly under
the wheel load but can be either tensile or compressive.

When the load and pavement thickness are within certain
ranges, horizontal compressive stresses will occur above
the neutral axis, whereas horizontal tensile stresses will
occur below the neutral axis.

The temperature distribution within the pavement
structure will also have an effect on the magnitude of the

stresses | o o -
P 0 T 3P ead ~RITT 22409 530



AWeme e
P b‘ﬁ*@f’“‘*‘%ﬁ SIAR T2

Compression TenSion Compression emperature
f—————fre = - |

(increasing)

Bituminous c ‘
hound " #_ Neutral
surface 3 axis

!__u-. 2R Unbound
RASY .’f'{,' - . granular
e g nlin - a0 iR layers
Subgrade
7, |
(a) Pavement layers (b) Distribution of (c) Distribution of (d) Temperature
vertical stress hornzontal stress distribution
under centerline under centerline
of wheel load of wheel load

p = wheel pressure applied on pavement surface

a = radius of circular area over which wheel load is spread
¢ = compressive horizontal stress

¢t = tensile horizontal stress

Figure 20.2 Typical Stress and Temperature Distributions in a Flexible Pavement Under a
Wheel Load



Princ@ of Flexible Pavement Design

- -
e.The design of the pavement is therefore generally
based on on strain criteria that limit both
' horizontal and vertical strain below those that will
cause excessive cracking and permanent

deformation. W psesib
® These criteria are considered in terms)of repeated
load applications.

e Most commonly used methods:
Asphalt Institute Method
AASHTO method
California method
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8
2.
3.
4

e@gﬁts of Thickness Design

I Traffic Loading wlv Aol

Climate or Environment
Material Characteristics

Others: Cost, Construction, Maintenance,
Design period.

WJ)L:—"-DS



& Traffic Loading

i

\\‘

®. . Pavement must withstand the large umber of repeated

loads of variable magnitudes |
N — )
| e Primary loading factors; ==Yk e/ o2 £ usladlne

1. Magnitude of axle loads (controlled by legal load limits).

2. Volume & composition of axle load (Traffic survey, load meters,
& growth rate).

3. Tire pressure & contact area.

g Sasmg e
e Equivalent Standard Axle Load ESAL (80 kN (18,000 1b
or 18 kips) single axle load.

e The total no. of ESAL is used as a traffic loading input
in the design of pavement structure.
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D :
@nate or Environment
4
N

¢  (Climate or environment affect the behavior &

1.

performance of materials used in pavements

Temperature: high temp. cause asphalt to
loose stability, low temp. cause asphalt to
become hard & stiff, and frost heave.

Moisture: Frost related damage, volume
changes due to saturation, chemical stability
problems with moisture existence (Stripping).



@erial Characteristics

N
N\ —\J L&

®.. Required materials characteristics:

| 1. Asphaltsurface: Material should be strong & stable to
: resist repeated loading (fatigue).

2. Granular base & subbase: gradation, stable & strong to
resist shears from repeated loading.

3. Subgrade: soil classification, strong & stable.

e Various standard tests are available for determination
of desired properties.

e CBR, Marshal stability, Resilient Mog:llus Shear
strength.

® Mr (psi)=1500CBR or Mr (Mpa)=10.3 CBR



Figure 20.33pread of wheel load pressure through

N
&Q pavement structure

Wheel load, W/

R R é AR Not drawn

Lo to scale
Pavement PR BRI
Structure P,
P,
(a) Stress distribution within different (b) General form
components of the pavement of stress
reduction

Figure 20.3 Soread of Wheel Load Pressure Through Pavement Structure



Figure 2%3; Tensile and compressive stresses in

N
N pavement structure

Wheel load, W

o T BT c
WJ: :’"’M 5551’ & Wil
A
et Not drawn
ave
ment to scale

>0< Compression  <0> Tedsion

Figure 20.4 Schematic of Tensile and Compressive Stresses in Pavement Structure



AAS@O 1993 Design Method

N\

e ‘Based on the results of AASHTO road test in late 1950’s
conducted on Ottawa, Illinois.

..® [tis an effort that was carried out with the cooperation of
all states and several industry groups.

e The AASHO Road Test, a $27 million (1960 dollars)
investment and the largest road experiment of its time

® The information obtained from the AASHO Road Test was
crucial in advancing knowledge of:

Pavement structural design,

Pavement performance, (T T RN

Load equivalencies, B R = S
T=F I P

Climate effects. e g 45 YEY




AASHTO &

1993

- ) ~ ? N
S‘P\'z é.)_g‘—@,.ﬂuo Un;j R SCALE ~ MILES

FRONTAGE ROAD

PROPOSED

UTICA ROAD

MAINTE NANCE Fa | ROUTE
BUILDING a0
Ha—— &= §- QRS -\ Lot
LOOP LOOP Eﬁ? Pl LT .

o
A
AASHO| ADM'N /
6 GARAGE FRONTAGE
ROAD BARRACKS
N

i — - 3
1 * 4] I 2

Figure 2. Layout of AASHO Road Test.

Many types of test section were prepared and tested.
Rigid & flexible.

Short span bridges.

A-6 subgrade.

Four lane divided highway loops.

Tangents sections with different lengths (> 100 ft).

Flexible: HMA surface (1 - 6 “), well-graded crushed limestone base (0
- 9”), and uniformly graded sand-gravel subbase (0 - 6”).

Vehicles were driven for thousand repetitions (single axle ( 2,000 -




AASHT@‘)B Method/ Test Sections

N\

The pavement test sections consisted of
Two small loops

Four larger ones with each being a
four-lane divided highway.

The tangent sections consisted of:
a successive set of

pavement lengths of |
different designs,

each length being e
at least 100 feet. N cobmee:

Rigid

STEEL 1-8EaM L Test Tongent —-l
LOOP 5
SN




AASHTO 1993 Method/
&@est Conditions & Materials

e -Test Conditions: Test Materials:

One asphalt layer
34” surface course
1” binder course

One rainfall zone

Y V4

One temperature

zone One PCC layer

One subgrade (A-6/ Four base materials

A-7-6 [ Clay]) Main experiment
Well-graded crushed
limestone

Special studies
Well-graded uncrushed gravel
Bituminous-treated base
(special studies)
Cement-treated base



\:,\A SHTO 1993 Method/
Traffic

Test traffic consisting of:

¢ Single-axle vehicles

loads ranging from 2,000 to
30,000 pounds

Tandem-axle vehicles

loads ranging from 24,000
to 48,000 pounds

Traffic were driven over the
test sections until several
thousand load repetitions
had been made.

FIGURE 3 AASHO Road Test truck traffic.



AAS{;&?D Method/ Introduction

Data were collected from pavement with respect to
extent of cracking and amount of patching required to
maintain the section in service.

Longitudinal and transverse profiles were obtained to
determine extent of rutting, surface deflection caused by
loaded vehicles moving at very low speeds,

Pavement curvature at different speeds, stress imposed
on the subgrade and temperature distribution in the
pavement layers.

Data were thoroughly analyzed and the results formed
the basis for the AASHTO method

~:Interim guide was published in 1961, revised in 1972,

- -

further edition 1986, then 1993



A@FO 1993 Method/ Versions

- -
®. 1961 (Interim Guide)
e 1972
e 1986
Refined material characterization
Version included in Huang (1993)
e 1993
More on rehabilitation
More consistency between flexible, rigid designs

e 2002 ( Current version)

Mechanistic-empirical approach (AASHTO ME) [ Under
development]




AASHTO Design Method/

OOOOOOOOOOOOO

A\ Design of

n Considerations |\ fatnen,

design inputs including :
e Pavement Performance (Loss of

serviceability). sPST

o Traffic SAL

Sl
e Subgrade soil properties /V(R
E/€BR Materials of construction S\ab
o Environmental effects” A% 2 T~

o Drainage <=5 M2, w,

¢ This method Incorporates variousa 2« 4&

% \

~ Cons 1(1"&1 D SI

* Reliability  conbuef N _
AR
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@ement Performance

AR VS B W

N\

® Structural an)(}’\filr}(?sﬂg)nal perfor GRCE et W L —

e Structural performancesTelatedto the physical
i condition of the pavement with respect to the
factors that have negative impact on the
capability of the pavement to carry the traffic

load. Raenalld_pors U o
These factors include: cracking, faulting, raveling, and
so forth. by )

e Functional performance: is an indication of how
effectively the pavement serves the user.

The main factor considered under functional
performance is riding quality.

* 4 —
JIY ST+ ..,-a.‘ .e. ‘Q.\.O S 3. S 4 -4




F“ﬁctional Performance

®.To quantify pavement performance, a concept known as
the serviceability performance was developed.

: C ure s dgyeloped to determine the present
Cu ieaﬁgl%ﬁn?c%( (PSI) of the pavement based on its
roughness and distress which were measured in terms
of extent of cracking, patching, and rut depth for flexible
pavements. 2 5 ) )l l e & A j
® PSIis a surrogate measure for PSR (present
serviceability rating).

® PSR is based on panel of engineers rating (subjective).

e PSlis based on physical measurement of pavement
roughness using special equipment (objective).



Pave{‘esht Serviceability Concept

It involves the measurement of the behavior of the
pavement under traffic and its ability to serve traffic at
some instance during its life.

The evaluation is systematic but subjective.

Evaluated by rating of the riding surface by individuals
who travel over it.

Can be evaluated also by means of certain
measurements made on the surface.

Scale: 0 (very poor) to 5 (very good).

PSI = F ( Roughness or slope variance in the two wheel
paths, the extent & type of cracking or patching, and the
pavement rutting displayed at the surface].



$§Vement Roughness

\\‘
e Pavement roughness is generally defined as:

An expression of irregularities in the pavement surface that
adversely affect the ride quality of a vehicle (and thus the user).

Y V4

Roughness is also referred to as “smoothness” although both terms
refer to the same pavement qualities.

® Roughness is an important pavement characteristic because it affects:
Ride quality.
Vehicle delay costs.
Fuel consumption.
Maintenance costs.

e The World Bank found road roughness to be a primary factor in the

analyses and trade-offs involving road quality vs. user cost (UMTR],
1998[1]).


https://pavementinteractive.org/reference-desk/pavement-management/pavement-evaluation/roughness/#footnote-1

Pre Q"c serviceability Index (PSI)

4

- -
The PSI is just a measure of the
current overall rating of a section
of highway based upon visual
observation

Y V4

e PSlIranges from

5 (means excellent
conditions)

0 (essentially impassable)

5T
Acceptable ? Very-Good
4 —t—
Good
Yes e
No Fair
2 ——
Undecided
Poor
| =+
Very-Poor
0 - .
Section l0enttcalion | .\ yyirrierrerernnes Rating

Rater,,,,,,, Data

lllllllTimlllll.Il VehiCIelll.Illl




s@' Serviceability

N\
I ® Pavement ability to serve traffic at some
| .~ instances during its life.
e Initial & terminal serviceability indices must be

established to compute the change in
serviceability ( APSI) in the design equation.

e [nitial PSI = F( Pavement type & construction
quality) | 4.2 for flexible & 4.5 for rigid).

e Terminal PSI = Lowest index that is tolerable for
a pavement before it require rehabilitation [2.5
for major highways & 2.0 for other roads].




Pre §"c serviceability Index (PSI)

4
\\‘

Twa serviceability indices are used
in'the design procedure:

(PSN

t.e The initial serviceability index
\ (Pl) ‘e
is the serviceability index

immediately after the
construction of the pavement

AASHTO road test, a
4.2 was used for Pi for flexible ACCUMULATED TRAFFIC LOADS ——=

L_p.;\ﬁ

PRESENT SERVICEABILITY INDEX

pavements. 9.5 bor Ry d C;_};sga&e/_ﬂ & lo
AASHTO recommends that

each agency determine more . =
* rad — 1
reliable levels for Pi based on fsﬁ?fu' Zgsaln 2r 3-"3""2"

existing conditions. 5 PsT




Pre §c serviceability Index (PSI)

4
N Y
The terminal serviceability index i”' Initial ._Maintenance or
(Pt) Construetion Rehabilitation Event
. .. = ’
! is the minimum acceptable value 2 _,-e)L| J \.éi.g_)
\ before resurfacing or 4

reconstruction is necessary

Recommended values for the
terminal serviceability index are:

e 2.5 or 3.0 for major highways

e 2.0 for highways with a lower
classification.

Normally used range of
1k minimum acceptable PSI

e 1.5 In cases where economic
constraints restrict capital )

V PRESENT SERVICEABILITY INDEX

TRAFFIC (Equivalent Axles or Time)

expenditures for COHStI‘UCthI]

or the performance perlod After reaching the P, a maintenance/
may be reduced. rehabilitation is needed




%@ffic Characteristics

4
&
I ® Determined in terms of number of

repetitions of an 18,000 1b {80 kN) single
axle load applied to the pavement on two

sets of dual tires (Equivalent Single Axle
Load (ESAL)).

e ::See next slides for the determination of
the ESAL.
90D b j 9 ALs 550} i J s




.@@. Traffic Load

N\
e [oads, the vehicle forces exerted on the pavement
(e.g., by trucks, heavy machinery, airplanes), can be

. characterized by the following parameters:

Tire loads.

Axle and tire configurations.

Repetition of loads.

Distribution of traffic across the pavement.
Vehicle speed.



Trafffc Load/ Tire and Axle
P\ C E .

| e -
E h‘ ‘0

Single Axle

70 AN,




Trafffc Load/ Tire and Axle

3% on{i

Tandem Axles with Single Tires

Single Axle with Dual Tires _ :
Tandem Axles with Dual Tires




Y V4

AX@ Wheel Configurations

\\‘

Tandem Axles
with Dual Tires

Tridem Axles with
Dual Tires

Single Axle
with Single
Tire

Single Axle with
Dual Tires




FHWA Vehicle Classifications

1. Motorcycles 2. Passenger Cars
2 axles, 2 or 3 tires 2 axles, can have 1- or 2-axle trailers

G | o e

3. Pickups, Panels, Vans
2 axles, 4-tire single units
Can have 1 or 2 axle trailers

4. Buses
2 or 3 axles, full length

| N - |
| | — |
| E]._“J
I

5. Single Unit 2-Axle Trucks 6. Single Unit 3-Axle Trucks 7. Single Unit 4 or
3 axles, single unit More-Axle Trucks
4 or more axles, single unit

2 axles, 6 tires (dual rear tires), single-unit

R o

9. Single Trailer 5-Axle Trucks
5 axles, single trailer

10. Single Trailer 6 or More-Axle Trucks
6 or more axles, single trailer

8. Single Trailer 3- or 4-Axle Trucks
3 or 4 axles, single trailer

11. Multi-Trailer 5 or Less-Axle Trucks
5 or less axles, multiple trailers

13. Multi-Trailer 7 or More-Axle Trucks
7 or more axles, multiple trailers

12. Multi-Trailer 6-Axle Trucks
6 axles, multiple trailers




Class 1 - 6,000 & Less
Py, Gy Pm  meree

Minsvan Cargo Van suv Pickup Truck

Class 2 - 6.001 to 10,000 |
-, Pug o—v Py

Minpean CargoVan  FulkSEe PKKUD  Slep Van

Class 3 - 10,001 to 14,000

B s Py  puiay

Véalk-in BoxTruck  CityDelivery  Heawy-Duty Pickup
Class 4 - 14, 001 to 16,000

Large Walk-n Box Truck Clty Delivery

CI?_ss 5-16,001 to 19,500
oy ) P

Bucket Truck Large Walk-In City Deltvery

Class 6 - 19,501 to 26,000
e P i e

Deverayge Truch  Cinglo fude Dchool Dus Mook Tiuck

Class 7 - 26,001 to 33,000

A, N ool ot

Refuse Fumniture City Transit Bus

Class 8 - 33.001 & Over

Truck Tractor

i - . ! ot
Cement Truck Truck Tractor Dump Truck Sleeper




R‘;@&étition of Wheel Load

I @ Although it is not too difficult to determine the

- wheel and axle loads for an individual vehicle.
it becomes quite complicated to determine
the number and types of wheel /axle loads
that a particular pavement will be subject to

over its entire design life.

Furthermore, it is not the wheel load but
rather the damage to the pavement caused by
the wheel load that is of primary concern.




Rep@‘}don of Wheel Load Cont.

\\‘

e_“ There are currently two basic methods for characterizing wheel load
repetitions:

Equivalent single axle loads (ESALs).

Y V4

e This approach converts wheel loads of various magnitudes and
repetitions (“mixed traffic”) to an equivalent number of “standard”
or “equivalent” loads.

Load spectra.

e This approach characterizes loads directly by number of axles,
configuration and weight.

e It does not involve conversion to equivalent values.

e Structural design calculations using load spectra are generally
more complex than those using ESALs.

Both approaches use the same type and quality of data but the load
spectra approach has the potential to be more accurate in its load
characterization.



T@c LLoad Determination

I ® The traffic load is determined in

7 terms of <G dalEc v vpade Ay Ls
the number of repetitions of an 18,000-1b (80

kilonewtons (kN)) single-axle load applied to
the pavement on two sets of dual tires.

This is usually referred to as the Equivalent
Single-Axle Load (ESAL)

S0 kKN

R gl




T@c LLoad Determination

N\
Convert wheel loads of various magnitudes and repetitions
(“mixed traffic”) to an equivalent number of “standard” or
~“equivalent” loads based on the amount the damage they do to
the pavement.

Standard Axle Load (SAL)

A single axle with dual tires that has a weight of 18,000 Ib
(80 KN)

e Selected based on the results of experiments that have
shown that the effect of any load on the performance of &
pavement can be represented in terms of the number of
single applications of an 18,000-1b single axle (ESALSs)

e\l ESAL = Damage caused by one 18,000 lb single axle load



T

@c LLoad Determination

I e The load is convert using Load equivalency
|~ factors (LEFs)

\

I

30 EN (15 kip)

\

O

Equivalent Number of 18 kip Single Axle Loads

-
—
—

o By, i
Il Il

80 kN (18 kip) 80 kN (18 kip)

v ¥

O
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@ Tratfic Analysis

T\\ o O

1. Estimate the number of vehicles of

\ different types (Passenger cars, single
unit trucks, multi unit trucks of various

sizes) expected to use the pavement over
the design period.

In case data are not available, estimates can
be made from Table 20.4 in text which
gives representative values for the united
states.




Qgg'%'affic Analysis Cont.

N\
2. Estimate the (%) of total truck traffic expected
to use the design lane.
i Design lane: Lane expected to receive the severe

service.
® 9% of trucks is found by observation

® [n case data are not available, estimates can be
made from Table 20.4 which gives representative
values for truck distribution in the united states.

® (see Table 16.1 also in the Reference text).



Table{g‘@ 4 Distribution of Trucks

‘ 2
Table 20.4 Distribution of Trucks on Different Classes of Highways-United States”

Percent Trucks

—

Rural Systems

oS8

Urban Systems

Truck = Other - Minor Collectors Other — Other  Minor
Class Interstate  Principal ~ Arterial Major  Minor ~ Range  Interstate Freeways  Principal ~ Arterial ~ Collectors Range
Single-unit trucks
2-axle, 4-tire 43 60 71 73 80 43-80 52 66 67 84 86 52-86
2-axle, 6-tire 8 10 11 10 10 8-11 12 12 15 3 11 9-15
3-axle or more 2 3 4 4 2 2-4 2 4 3 2 <l <14
All single-units 53 73 86 87 92 53-92 66 82 85 95 97 66-97
Multiple-unit
trucks
4-axle or less 5 3 3 2 2 2-5 5 5 3 2 1 1-5
S-axle** 41 23 11 10 6 6-41 28 13 12 3 2 2-28
6-axle or 1 1 <1 1 <1 <1-1 1 <1 <1 <1 <1 <1-1
more**
All multiple 47 27 14 13 8 8-47 34 18 15 5 3 3-34
units
All trucks 100 100 100 100 100 100 100 100 100 100

* Compiled from data supplied by
**Including full-trailer combinatio

SOURCE:  Thickness Design—.

the Highway Statistics Division, Federal I lighway Administration,
ns in some states,

-Asphalt Pavements for Highways and Streets, Manual Series No. 1, The Asphalt Institute, Lexington, Ky., February 1991.



$§§'affic Analysis Cont.

N\

3. When the axle load of each vehicle type is known,
these can be converted to ESAL using the equivalency
factors givenin Table 20.3 in text or Table 16.3 in Ref

If the axle load is unknown, the ESAL can also be found
from the vehicle types by using a truck factor for that
vehicle type.

Truck Factor (TF): The no. of ESALs contributed by passage
of a vehicle.

For each weight class, determine the truck factor. Lo
PP e
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00 L al—
T Gross Weight
| ”-'15?-10;[\#13 Tstkn S sakN 356 kN
34.0 = 3‘1’300 Ib L ]200‘:‘ b Cb(DOO (b

I

1.10 |
1.10 0.19 ‘ Truck Factor
239

F_IGL:RE 16-8 Load'-eq.uivalency factors and the truck factor for a
single-tractor semitrailer truck. (Courtesy the Asphalt Institute.)

Table 20.3 Load Equivalency Factors

Gross Axle Load Load Equivalency Factors
N Ib Single Axles Tandem Axles Tridem Axles
4.45 1,000 0.00002
8.9 2,000 0.00018 ’/
17.8 4,000 0.00209 0.0003 -
26.7 6,000 0.01043 0.001 0.0003
35.6 8,000 0.0343 0.003 0.001 e g ’
44.5 10,000 0.0877 0.007 0.002
53.4 12,000 0.189 0.014 0.003
62.3 14,000 0.360 0.027 0.006
T 16,000 0.623 0.047 0.011
80.0 18,000 1.000 0.077 0.017
89.0 20,000 1.51 0.121 0.027
579 22,000 2.18 0.180 0.040
106.8 24,000 3.03 0.260 0.057
115.6 26,000 4.09 0.364 0.080 3 mo ’
124.5 28,000 539 0.495 0.109 ¢ é— v )‘
133.4 30,000 6.97 0.658 0.145 —
1423 32,000 8.88 0.857 0.191
151.2 34,000 11.18 1.095 0.246
160.1 36,000 13.93 1.39 0.313
169.0 38,000 17.20 1.70 0.393

178.0 40,000 21.08 2.08 0.487

ik i 5 ) )@ . (2000 At
lg - 10954 .095+0.187

2.8‘?*)&19(_

STV L1 WA o) TE W gl 120 Nzap| v ysde

\w,‘_l‘/,;gl



Q‘@'affic Analysis Cont.

N\

TF=[SUM (No. of axles in each wt. class X EALF)] / Total No.
of vehicles

® Truck factor can be estimated Using Table 20.5 in text or
Table16.2 from ref.

e Equivalent Axle Load factor or Load equivalency factor
(EALF) presented in Table 20.3 in text or Table 16.3 in Ref.

e EALF: Defines the damage per pass to a pavement by the
axle of question relative to the damage per pass of a
standard axle load (80 kN or 18-kip)

e EALF depends on type of pavement, thickness or structural
capacity, and failure conditions (based on experience).

e See Truck Factor Example provided in Figure 16.8 Ref. and
example in Table 20.8 in text.






Table 20.3 Load Equivalency Factors

Gross Axle Load =0 //Z. Load Equivalency Factors
kN Ib L'T’Sirtgl.e Axles Tandem Axles Tridem Axles
4.45 1,000 0.00002
8.9 2,000 0.00018

17.8 4,000 0.00209 0.0003

26.7 6,000 0.01043 0.001 0.0003

35.6 8,000 0.0343 0.003 0.001

44.5 10,000 0.0877 0.007 0.002

53.4 12,000 0.189 0.014 0.003

62.3 14,000 0.360 0.027 0.006

7 P 16,000 0.623 0.047 0.011

80.0 18,000 1.000 0.077 0.017

89.0° 20,000 1.51 0.121 0.027

97.9 22,000 2.18 0.180 0.040
106.8 24,000 3.03 0.260 0.057
115.6 26,000 4.09 0.364 0.080
124.5 28,000 5.39 0.495 0.109
133.4 30,000 6.97 0.658 0.145
142.3 32,000 8.88 0.857 0.191
151.2 34,000 11.18 1.095 0.246
160.1 36,000 13.93 1.39 0.313
169.0 38,000 17.20 1.70 0.393
178.0 40,000 21.08 2.08 0.487
187.0 42,000 25.64 2.51 0.597

195.7 44,000 31.00 3.00 0.723



Table 20.3 Load Equivalency Factors (continued)

Gross Axle Load Load Equivalency Factors
kN b Single Axles Tandem Axles
204.5 46,000 37.24 3.55
213.5 48,000 44.50 4.17
222.4 50,000 52.88 4.86
231.3 52,000 5.63
240.2 54,000 6.47
249.0 56,000 7.41
258.0 58,000 8.45
267.0 60,000 9.59
275.8 62,000 10.84
284.5 64,000 12.22
293.5 66,000 13.73
302.5 68,000 15.38
311.5 70,000 17.19
320.0 72,000 19.16
329.0 74,000 21.32
338.0 76,000 23.66
347.0 78,000 26.22
356.0 80,000 29.0
364.7 82,000 32.0
373.6 834,000 35.3
382.5 86,000 38.8
391.4 88,000 42.6
90,000 46.8

400.3




TABLE 16-3 Typical Load-Equivalency Factors

Gross Axle Load

Tridem Axles

(KN) (Ib) Single Axle Tandem Axles
26.7 6,000 0.01043 0.001 0.0003
44.5 10,000 0.0877 0.007 0.002
53.4 12,000 0.189 0.014 0.003
62.3 14,000 0.360 0.027 0.006
1.2 16,000 0.623 0.047 0.011
80.0 18.000 1.000 0.077 0.017
89.0 20.000 1.51 0.121 0.027
97.9 22,000 2.18 0.180 0.040
106.8 24.000 3.03 0.260 0.057
115.6 26,000 4.09 0.364 0.080
133.4 30,000 6.97 0.658 0.145
151.2 34,000 11.18 1.095 0.246
178.0 40,000 21.08 2.08 0.487
222.4 50,000 52.88 4.86 1.22
267.0 60,000 9.59 2.51
31LS 70.000 17.19 4.52
356.0 80,000 29.0 7.45
400.3 90,000 46.8 11.6

AR

Source: Thickness Design—Asphalt Pavements for Highwavs and Streets, 9th ed., Manual Series No. 1, Asphalt [nsti-
tute. Lexington, KY (1999).
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The LEFs depends on:

*." The type of pavements
®  Pavement thickness or

structural capacity (SN)
[

The terminal conditions
at which the pavement is
considered failed (Pt)

LEFs can be determined
using :

Equation

® Table (Handouts)

Table 19.3b  Axle Load Equivalency Factors for Flexible Pavements, Tandem Axles, and p, of 2.5

R
@e%d Equivalency Factors (LEF)

Pavement Structural Number {SN)

Axle Load (kips) ! 2 i 4 3 f
2 o0 KLLI]I A0 000 AMNN) 000
4 Dnns DN 004 003 D03 a2
[ 02 002 02 01 01 01
& 04 006 A0s 04 3 03
10 08 013 11 009 7 Ai0é
12 015 024 023 018 A4 03
14 026 41 142 033 027 024
16 144 065 070 157 47 043
18 070 097 109 62 077 070
20 107 J4l 162 J41 121 10
n 160 98 224 207 180 166
M 21 273 315 297 260 2
26 3 370 420 401 364 A
o} 451 493 S48 534 493 470
3l All B8 03 h93 B8 033
i R13 843 Ry BET 857 R
34 1.06 108 1.11 1.11 1LY 108
kli} 1.38 138 1.38 1.38 138 1.38
khi 175 173 1.69 1.68 170 173
40 221 216 206 203 208 214
42 276 267 244 243 151 26l
H 341 i 2499 188 300 ilb
46 418 308 358 340 355 in
48 508 4.80 425 08 417 449
5l 6.12 5.76 503 4.64 4.86 5.8




Determine t%s pt's for the following the following axle loads, \_J memssisuimi

>SN = .* d Pt = 2.5, Single axle (10,000 Ib/axle)
RS

\
Axle Load
kips) 1 2 3 4 @ 6
2 0004 L0004 0003 0002 0002 0002
4 003 04 004 003 002 002
§ 011 017 017 013 010 009
8 032 047 51 041 034 031
o TS ) s S (O e 08030
12 168 198 229 213 189 176
14 328 358 399 88 360 342
16 591 613 646 645 623 606




Table 20.5 Distribution of Truck Factors (TF) for Different Classes of Highwiays and Vehicles=United States’

Truck Factors
Rural Systems Utban Systems
Vehicle Other ~ Minor Collectors Other ~ Other ~ Minor
Type Interstate Principal ~ Arterial -~ Major ~ Minor Range Interstate Freeways Principal ~ Arterial - Collectors Range
Single-unit
trucks
D-axle, 4-tire 0003 0003  0.003 0017 0003  0.003-0.017 002 0015 0002 0006 —  0.006-0.015
2-axle, 6-tire 021 025 028 041 019 0.19-0.41 047 013 024 0250 013 0.13-024
S-axleormore 061 086 106 126 045 0.45-1.26 061 074 102 076 072 0.61-102
All single 006 008 008 012 003 0.03-0.12 005 006 009 004 016 004016
units
Tractor-semitrailers
dadeorless 062 092 062 037 091 0.37-0.91 098 048 071 046 040  040-098
S-axle** 109 125 108 167 1M 1.05-1.67 107 117 097 077 063 063117
f-axle or 123 154 104 221 13 1.04-2.21 105 119 09 064 — - 064119
more*¥
Allmultipe 104 121 097 152 1.08 0.97-1.52 105 09 091 067 053 053105
units
All trucks 052 038 021 030 012 0.12-0.52 039 025 021 007 024  0.07-039

Note: Compiled from data supplied by the Highway Statistics Division, Federal Highway Administration.

*Including full-trailer combinations in some states.

+*For values to be used when the number of heavy trucks is low, sce original source.

SOURCE:  Thickness Design—Asphalt Pavements for Highways and Streets, Manual Series No. 1, The Asphalt Institute, Lexington, Ky., February 1991.



TABLE 16-2 Distribution of Truck Factors for Different Classes of Highways and
Vehicles in the United States -

—

Highway System Type
Vehicle Rural Urban :
Type Interstate ~ Minor Arterial  Interstate  Minor Arterial
Single-unit trucks 3
Two-axle, four-tire ~ 0.003 0.003 0.002 0.006
Two-axle, six-tire 0.21 0.28 0.17 (.23
Three-axle or more 0.61 1.06 0.61 (.76
Tractor-semitrailers
Four-axle or less 0.62 (.62 0.98 (.46
. Five-axle 1.09 i 108 1.07 0.77
Six-axle or more 1.23 1.04 1.05 (.64

Source: Thickness Design—Asphalt Pavements for Highways and Streets, Manual Series No. 1, 9th ed., Asphalt Insti-
tute, Lexington, KY.
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quivalency factor for vehicle ./ v

category

\\‘

e If the axle load is
unknown,

The equivalent
18,000-Ib load can
also be determined
from the vehicle
type, if the axle load
is unknown, by using
a truck factor (Ty) for
that vehicle type.

E(Number of axles x LEFs for each axle)

ck factor(Tf) =
Number of vehicles

TABLE 7.1 Average Initial Truck Factors (ESALs/Truck) by Vehicle Class

VEHICLE CLASSIFICATION ESAL's
it T Dol g b

3.0 (Concrete) (Pavement)

1 1 Motoreycle 0* 0*

2 2 Passenger Cars 0* 0*

3 3 SUV/Pick-up 0* 0*

4 4 BUS Factor 04 0M

5 5 2-axle, 6-tire 04 0

6 6 3-axle, single umit 113 082

7 7 4-axle, smgle umit 700 4350

8 8 3-axle, single trailer 060 044

9 9 3-axle, multiple axle trailer  1.59 1.00
10 10 G-axle, smgle trailer 142 0.75
11 1 3-axle, mulfiple trailer 240 233
12 12 f-axle, multiple trailer 142 128
13 13 T-axle, multiple tratler 142 1.28

*Hiote: Becanse motorcycles, passenger cars, and SUNV/Pick-up trucks do not significantdy contribute to
the 13-kip ESALs they are considered neglizible and an ESALfmuck factor of 0 s assigned. However, the
percent of the ADT in this class mmst be mput into DARWIn becanse the Total Percentage mmst equal
100.00%. If there are amy vehicles that ara not large emongh to be classifisd in any of the above classes,
they should be grouped with the motarcycle percentage.

https://www.dot.state.pa.us/public/Bureaus/BOMO/Marcellus/TruckFactorsTable.pdf



https://www.dot.state.pa.us/public/Bureaus/BOMO/Marcellus/TruckFactorsTable.pdf

TABLE 7.1 Average Initial Truck Factors (ESALs/Truck) by Vehicle Class l F5 e Hasenie niveiy

VEHICLE CLASSIFICATION ESAL’s
Line # i " .
]}.-u;WE:' F{]:EE'F- A Cnrresp;;ndm_g geparmmnt Rigid ﬁglﬁ%[e
30l A% escriphion (Concrete) (Pavement)
1 1 Motoreyele 0* 0*
2 2 Passenger Cars 0* 0*
\
g 3 3 SUV/Pick-up 0* 0*
4 4 BUS Factor 0.24 0.24
5 5 2-axle, 6-tire 0.24 0.24
6 6 3-axle, smgle umt 1.15 0.82
7 7 4-axle, smgle unit 7.00 430
8 8 3-axle, smgle trailer 0.60 0.44
9 9 3-axle, nmltiple axle trailer 1.59 1.00
10 10 G-axle, smgle trailer 142 0.75
11 11 5-axle, multiple tranler 240 233
12 12 6-axle, multiple trailer 142 128
13 13 T-axle, multiple trailer 142 128
*Note: Becanse motorcycles, passenger cars, and SUV/Pick-up trucks de not significanily contribute to
the 18-kip ESALs they are considerad neglizible and an ESALAmack factor of 0 is assigned. However, the
percent of the ATYT in this class mmst be put info DARWID becanse the Total Percentage mmist egqual
10:0.00%. If there are any vehicles that ars not large enonsh to be classifisd in any of the above classes,
they should be grouped with the motorcycle percentaze.




$@uck Factor Example

rqo-o

S

| Gross Weight |

151 kN 157 kN 54 kN SESOBOS'TU

34,000 Ib + 34000lb + 1200018 = | ' "
1.10 1.10 0.19 { Truck Factor |
0’?1‘4 l ) 6 "C] . 2.39

FIGURE 16-8 Load-equivalency factors and the truck factor for a
single-tractor semitrailer truck. (Courtesy the Asphalt Institute,)




&Q@. Example

I ® Determine the Truck factor for the

. following the following vehicle mix
and axle loads

Passenger cars (2000 Ib/axle)
2-axle single-unit trucks (6000 lb/axle)
3-axle single-unit trucks (10,000 Ib/axle)

Assume SN =5 and P, = 2.5



The Hashemite University

Table 19.3a Axle Load Equivalency Factors for Flexible Pavements, Single Axles, and p,of 2.5
=

Pavement Structural Number (SN)
Axle Load
( 0o b=y 2 3 4 5 6
Jewo z 2 0004 0004 0003 0002 ?t::!) 0002
4 003 004 004 003 A0 002
6 011 017 017 013 010 009
> f=2.6 8 032 047 051 041 034 031
10 078 102 118 102 88 D80
12 168 198 229 213 189 176
14 328 358 399 388 360 342
- 16 591 613 b6 645 623 606
2000 ib 18 1.00 1.00 1.00 1.00 1.00 1.00
20 1.61 1.57 1.49 147 1.51 1.55
n 248 238 217 2.09 218 230
4 3.69 349 3.09 2.80 303 327
LEF for single axle = 0.0002 26 533 4.99 431 3.91 4.09 4.48
28 749 6.98 5.90 5.21 539 5.98

X (Numb les xLEF h axl 220,002 .
ck factor (Tf) = (Number of axles xLEFs Jor each axle) _ Z(2x0. 1 _ 0. 4 per vehicle

Number of vehicles 1
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Table 19.3a Axle Load Equivalency Factors for Flexible Pavements, Single Axles, and p,of 2.5

Favement Structural Number (SN)

6,000 ib

Axle Load
(kips) 1 2 3 4 5 f

2 0004 L0004 0003 0002 0002 0002
4 003 004 004 003 002 002
6 011 017 017 013 009
8 032 047 051 041 34 031
10 078 102 118 102 88 80
12 168 198 229 213 189 176
14 328 358 399 388 360 342
16 591 613 646 H45 623 66

Qx0.010 F

TF ,_tﬁgz,so,olk T\ loso A sy
-

Z(Number of axles xLEFs for each axle) _ Z(2x0_011

ck factor(Tf) =

Number of vehicles

= 0,02 per vehicle
1




lable 19.3b Axle Load Equivalency Factors for Flexible Pavements, Tandem Axles, and p, of 2.5

Table 19.3a  Axle Load Equivalency Factors for Flexible Pavements, Single Axles, and p,of 2.5
Pavement Structural Number (SN)
Axle Load
(kips) 1 2 3 4 5 6
2 L0004 L0004 0003 0002 0002 0002
9 003 004 004 003 2002 002
6 011 017 017 013 010 009
8 032 047 051 041 /034\ 031
10 078 102 118 102 088 080
\_/

Tan

Pavement Struciural Number {SN)

) Axle Load (kips I 2 3 4 5 f
22.000 ib o

2 0001 0001 001 0000 0000 0000

4 0005 0005 0004 0003 0003 0002

6 002 002 002 001 001 001

8 004 006 05 004 003 003

10 008 013 011 009 w7 06

12 015 024 023 018 04 013

_ 14 026 01 42 033 fini] 024

Truck f aCtOT(Tf ) - 16 (44 065 070 057 M7 043
18 070 097 109 092 on 070

Z( 0,088+1:018) — 0 26&)er vehicle 20 107 141 162 141 110
) n 160 198 229 207 $ 166

24 71 M 315 292 et Y,

26 3 370 420 A1 364 342

28 451 493 S48 53 A3 470
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$§affic Analysis Cont.

I 4. Multiply (Tf) by the no. of vehicles in each

-~ group and get the sum for all groups.
ESAL = Sum (TF X No. of vehicles) all groups.
See Example provided in next slides.



Exa@?e on Computation of ESAL

-~
EXAMPLE Com
16-1

DN AL N> 8 Ard ogng WTVie

putation of Equivalent 18,000-lb Load Applications During the first year
of service, a pavement on a rura] Interstate highway is expected to accommodate
the following numbers of vehicles in the classes shown. Estimate the ESAL,

Vehicle Type No. of Vehicles Truck Factors Product

Single-unit trucks Y 0262%
Two-axle, four-tire 87,600 P A 0,003 283
Two-axle, six-tire 23,600 X 0.2 4,956
Three-axle or more 4,400 20/ 0.61 2.684

Tractor-semitrailers
Four-axle or less 2,100 (.62 [.302
Five-axle 7.300 [.09 1.957
Six-axle or more 50,200 1.23 61.476

ESAL = Sum = 78900




@al ESAL Calculation

4
\\‘

e The total ESAL applied on the highway during its design
period can be determined only if the following are
known:

Design period

OP” s\epg%
Traffic growth factor/ s Loty
o Traffic growth factq stimated using hlst

%wal
records or comparable acilities or obtained
studies made by specialized agencies.

e [tisadvisable to determine annual growth rates for
trucks and passenger cars separately.

® Design period: Number of years the pavement will
effectively continue to carry the traffic load without
requiring an overlay. (usually 20 years).
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Expegtéd Traffic Volume During
Design Period

N\
I The traffic to be used for design is the average
. traffic during the design period, so the initial

\

traffic must be multiplied by a growth factor

See Table 20.6 for growth factors, or calculate it
using: -

Ge= (i) /) A

j: Rate of growth.

t: Design period (yrs).



Growth Factors

Table 20.6 Growth Factors

.Ann:.ggl‘ C_?ro‘t‘/th Ruarte, Pé;"rcent (7, .
Design ; 'S’Ml IS ,..e‘, >
Perifd, No = w’ * -
Years (+) Crowth 2 =i 3 6 4
1 1.0 1.0 1.0 1.0 1.0 1.0 1.0
2 2.0 2.02 2.04 2.05 2.06 2.07 2.08
3 3.0 3.06 A2 3.15 3.18 321 3.25
-t 4.0 4.12 4.25 4.31 4.37 4 << 4 .51
) 5.0 5.20 5.42 553 5.64 575 5.87
(&) 6.0 6.31 6.63 6.80 6.98 S 7.34
7 7.0 7.43 7.90 8.14 8.39 8.65 8.92
8 8.0 8.58 9.21 9.55 9.90 10.26 10.64
9 9.0 975 10.58 11.03 11.49 11.98 12.49
10 10.0 10.95 12.01 12.58 1318 13.82 14.49
11 11.0 1237 13.49 14.21 14.97 15.78 16.65
12 12.0 13.41 15.03 15.92 16.87 17.89 18.98
13 13.0 14.68 16.63 1771 18.88 20.14 21.50
14 14.0 15.97 18.29 19.16 21.01 22.55 24.21
15 15.0 17.29 20.02 21.58 23.28 2513 27.15
16 16.0 18.64 21.82 23.66 25.67 7.89 30.32
I 17.0 20.01 23.70 25.84 28.21 30.84 33.75
18 18.0 21.41 25.65 28.13 30.91 34.00 37.45
19 19.0 22.84 27.67 30.54 33.76 37.38 41.45 Z :
20 20.0 2430 29.78 33.06 36.79 41.00 45.76 57.28"-"?‘;’-'
25 25.0 32.03 41.65 47.73 54.86 63.25 73.11 98.35
30 30.0 40.57 56.08 66.44 79.06 94 .46 113.28 164.49,,;%
35 35.0 49.99 73.65 90.32 111.43 138.24 17232 27102
Note: Factor = [(1 + )" — 1]/r, wherer = TatC . ndis not zero. If annual growth is zero, growth factor = design period.,f.

100 ;
SOURCE: Thickness Design—Asphalt Pavements for Highways and Streets, Manual Series No. 1, The Asphale Institute,
Lexington, Ky., February 1991. =



Comg@@flg Design ESAL (Projected)

N\ N MMMWwwwmmn
B —————

EXAMPLE Design ESAL for 20-Year Design Period [f

the traffic using the pavement QrOWS
1_5 E O atan annugl e determine the design ESAL for 4 H-year design
perod.
' hd x
Solution By Eq, 16-4,

(1400 - 1)
0,04

Note that if the traffic i expected to grow nonup
Eq. 16-6 should be applied to ¢

design ESAL =

18900 = 2,349,000

—

— BP s @"';;J

J

formly among weight classes
ach weight class using Appropriate rates of growth,




TO@%SAL Calculation Cont.

e The portion of the ESAL acting on the design lane is
used in the determination of pavement thickness.

.~ @ Either lane of a two-lane highway is a design lane.
e In multilane highways the outer lane is the design lane.

e See Table 20.7 for percentage of total truck traffic on
design lane.

e The initial daily traffic is in two directions over all traffic
lanes.

® Must be multiplied by direction distribution & Lane
distribution to obtain initial traffic on design lane.

e Traffic to be used in design is the average traffic during
design period (i.e. multiply by growth factor).



@%ign Lane factor (Fd)

Vs [ —, . X N N
9T, DL, 7ot e ot
Z‘)./\m.o&’\)

: (D): is the directional distribution factor =
(L): L is the lane distribution factor

® D: represent Percentage of trucks traffic

traveling in one direction. 4S5 ol

e D usually assumed to be 0.5 unless the
traffic in two directions is different.

PP U— 0
Design for worst case!! 47%




.~ Lane expected to receive the

\

severe service

For two-lane highways,

The lane in each direction is
the design lane, so the lane
distribution factor is 100%

For multilane highways,

The design lane is the outside
lane

TABLE 6,16 Lane Distribution Factor

Percentage of 18-kip ESAL
in design lane

No. of lanes in
each direction

| .
g e N 80-100
4

Source. After AASHTO (1986).

Design for worst case!!




ne Distribution

D
&
Forstwo-lane

highways,

¥ 7

The lane in each
direction is the
design lane, so
the lane

distribution
factor is 100%

Design lane:
Lane expected
to receive the

https://english.stackexchange.com/questions/270607/what-is-meant-by-a-two-lane-road
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Lane D ix& ution Factor (L) =) e B

D
For\\Multilane
Lhighways,

The design
lane is the
outside lane

Design lane:
Lane expected
to receive the
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Number of Traffic Lenes Percentage of Trucks

(Two Directions) in Design Lane
2 N e 30
4 NPT (35.49)1
6 or more 40 (25-48)* 5

*Probable range. i
SOURCE:  Adapted from Thickness Designi—Asphalt Pavemends for Highways and Strets, Manual Series No. 1, The As

phalt Institute, Lexington, Ky., February 1991. :



To{g‘ﬁiSAL Calculation Cont.

ESAL; = (AADT;) \(Fd) (Gj) (Ni)j (Fgi) (365)
ESAL; : ESAL for axle category i

AADT:: First year annual average daily traffic for axle
category 1.

(Fa): Design lane factor

(Gjt): growth rate factor for a given growth rate j and design
period t.

(Ni): number of axles on each vehicle in category i.
(Fgi): load equivalency factor for axle category i.

\
\



TO@%SAL Calculation Cont.

When truck factors are used
ESAL; = (AADT;) (Fa) (Gjo) (fi) (365)

ESAL; : ESAL for axle category i

AADT: First year annual average daily traffic for axle
category 1.

(Fa): Design lane factor

(Gjt): growth rate factor for a given growth rate j and design
period t.

(fi): Truck factor for vehicle in truck category i.



To@ﬁESAL Calculation Cont.

I When truck factors are used

ESAL = SUM [ESAL; |
fromi=1ton
n= number of truck categories

ESAL : ESAL for all vehicles during the design
period.



e An 8-lane divided highway is to be constructed
on a new alignment. Traffic volume forecast
indicates that AADT in both direction during th
first year of operation will be 12,000 with
following vehicle mix: =

Passenger cars (1000 lb/axle) 5 3/03
2-axle single unit trucks (6000 Ib/axle) = 33%

3-axle single unit trucks (10,000 Ib/axle) = 171 ﬂ!

If the expected annual traffic growth rate is 4% for a
vehicles,

Determine the design ESAL for a design period of 20
years.




s& ESAL Example

\\‘

Solution
- ® Growth Factor = G =[(1+j)t-1]/j = [(1 + 0.04)?°- 1]/ 0.04 =
29.78 (or see Table 20.6)

® % truck volume on de\SIgn Ia&e 45 ( assumed, Table
20.7)

e Load equivalency Factors (Table 20.3)
Passenger cars (1000 Ib/axle) = 0.00002
(negligible)
2-axle single unit trucks (6000 lb/axle) = 0.01043
3-axle single unit trucks (10,000 lIb/axle) = 0.0877



S‘Q@’ ESAL Example

\\‘

Fo U5y 23.99% 2% 0-0a02 x 355 = |]73.93
® . Solution be 4 2x© 5=

éSALi = (AADT) (Fq) (Gjt) (N;) (Fri) (365)
For passenger cars...... ESAL = 0 or negligible

For 2-axle single unit trucks
ESAL = (12,000X0.33) X0.45X29.78X2 X 0.01043 X 365
=0.4041X10°

Y V4

For 3-axle single unit trucks
ESAL = (12,000X0.17) X0.45X29.78X 3 X 0.0877 X 365
=4,2.6253X 1 0°

Total ESAL = 3.0294 X 10°



S‘Q@' Traffic

\\‘

¢ . The total load applications due to all mixed traffic within the design
period are converted to 18-kip ESAL using the EALF.

Y V4

ESAL; = (AADT:) (Fa) (Gjt) (Ni) (Fei) (365)
Or
ESAL; = (AADT;) (F4) (Gjt) (fi)) (365)

° Ge=((1+))-1)/j)

ESAL = SUM [ESAL; ]
fromi=1ton
n= number of truck categories
ESAL : ESAL for all vehicles during the design period.



Total E%‘@%Ealculation for mixed traffic

F\\

Vehicle Category, FHWA Classification

ESAL for Vehicle Category

AADT | T

Gin Fe |Ti (/ vehicle)

ESAL

Passenger Cars and small trucks

2axle, 4tire vans motorhomes, etc

2-axle 6 tire single units

3 axle single unit

4 axle single unit

4-or-less-axle multi unit

5 axle multi unit

6-or-more-axle double unit

5-axle or less, multi-unit

6-axle, multi-unit

7-or-more-axle, multi-unit

365

Total ESAL

0.00E+00




Road@Soils (Subgrade Materials)

O AA\S\HTO 1993 method used the subgrade Mr to define its
property.

® Mr (psi) = 1500 CBR ( for fine-grained soil with CBR <10)

[ Mr (psi) = 1000 + 555 (R value) (for R <=20)

e Normal Mr (During summer and fall) for materials
susceptible to frost action can reduce by (50 - 80%)
during the thaw period.

® Also Mr of subgrade can vary through the year even when
there is no thaw period.

® There are several factors that affect the resilient modulus
of a soil include: Moisture content, Stress levels, Freeze-
thaw cycles.
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Road@Soils (Subgrade Materials)

_'\\‘ -
S JoPANC 31850 25,3806 Y M NELR0 G S 3D CUD

@ Since the seasonal variation of resilient modulus is quite
complex, the selection of a single resilient modulus value
for use in design can be quite complex.

e In order to take these variations into consideration it is
to determine and effective annual roadbed soil
resilience modulus.

e An effective roadbed (Mr) should be found that is
equivalent to combined effect of the subgrade (Mr) of
all the seasonal (Mr).

e SeeFig.20.18 in text and Fig. 16.12 in ref. book




Effec’%&%(oadbed Resilient Modulus

I 1> Find (Mr) for subgrade once/twice a month
; during the whole year.

2. Compute Relative damage using equation or
scale. See Fig. 20.18 in text and Fig. 16.12 in
ref. book = =

f T ) qq‘ﬁ’ Mooy 5o &

3. Compute the average relative damage value.

4. Use the average relative damage value to
determine the effective roadbed (Mr) using the
formula or the scale.



Wi 430 46290510 08 Mo S R M- 205
M 345215112 ag 2 AR !



Average:

u

f

Roadbed
Soil Relative
NMonth Modulus, Damage.
Ma {psi) u,
20.000 0.01
Jan.
|
20,000 .01
Feb._
2,500 1.51
Mar.
4 _ 000 0.51
Apr
4.000 0.51
May
7.000 0.13
June
7.000 0.13
July
==
Axity: 7 .000 o.13
7.000 0.13
Sept.
7.00C c.13
Oct
a o0 0.51
NoOowv
20,000 .01
Dec.
Summation: Eu, = < frr 5o
z“f = 3.72 = 0.31
n 12

Effective Roadbed Soil Resilient Modulus, M_ (psi)

Roadbed Soi Resilent Modulus, M, (10° psi)

10

5,000

|

I}III'IIIIHIH

1]1 L1 lllllJullllll

L L L
T

T

TR

|
l

(corresponds to up

;

.05

.10

10.0
13.0

Relative Damage, u,

118x10°xm, 232

Equauan:u'

FIGURE 16-12 Chart for estimating effective roadbed soil resilient modulus for
flexible pavements designed using the serviceability criteria. (Courtesy Ameri-
can Association of State Highway and Transportation Officials.)



Develo %oq’.}ej’lmu—&k
relationship between

«  Resilient modulus

+ Subgrade moisture
content

For example :

at 25% moisture
content, Mr is 9500 Psi

12
i
\

§

Resilient Modulus,
4 i

I I I S S S S .-
—

= : -
15.00 20.00 25.00

Moisture Content, %

FIGURE 12 Moisture content-resilient modulus
relationship for soil used in example.

30.00

Elliott,R and Thornton. S,” Resilient Modulus and AASHTO Pavement Design, . TRANSPORTATION RESEARCH RECORD, 198



Estimate the seasonal variation in

“moisture content.
N

e Thereis no standard approach for
making this estimate.

e A practical approach might be to
sample a similar subgrade.

e For this example it is assumed that
moisture contents were determined
four times during the year on a
similar subgrade soil from a nearby
pavement.

For example:

® in March the water content was 25%

Elliott,R and Thornton. S,” Resilient Modulus and AASHTO Pavement Design, . TRANSPOR'TATION RESEARCH RECORD, 1989

CONTENT,
25

i

MOISTURE
24

22

|
|
|
|
|
|
|
|

23

AN AR L

QCT
FIGURE I3 Seasonal moisture variation used in
example.




Determination@fEffective Roadbed Soil

Resilient

N
e/ Step 3:

Foadbad

Determine the monthly (or bimonthly)

resilient modulus

Y V4

+  Use data collected in step 1 and

step 2

«  For example:

e March has water content of 25 %

(step 2), which is correspond to
9,500 Mr (step 1)

Sail
famth Badiulus,
b, [psi

30, 000G

S,
Feb. 5,500
Mar. 9,500
Apr. H,9200
May 8,600
June 1t,000
Fuly 12,700
Aug 13,000
Sept, 13, L0
Bt L2, 80
— L2, 700
2,300

Dag,

Elliott,R and Thornton. S,” Resilient Modulus and AASHTO Pavement Design, . TRANSPOR'TATION RESEARCH RECORD, 1989
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Determina@ of Effective Roadbed Soil & e K
RESUE ﬁodulus
- -

s St(;p 4:

Select a relative damage factor for each resilient

) modulus (Uy) )

Usr = 1.18 X 108 x Mr—2:32
For the frozen subgrade (January),

+  The resilient modulus would be high resulting in
a low relative damage

o For practical purposes, a damage value of 0.0 is
assigned

Elliott,R and Thornton. S,” Resilient Modulus and AASHTO Pavement Design, . TRANSPOR'TATION RESEARCH RECORD, 1989



Determinatieof Effective Roadbed Soil

RENIE @dulus
= -

- [ - S JJE
‘ ‘ ‘ 1‘ ‘I‘ |J‘I‘Jlllltlllll_ltlllll
T IIHH‘W I THNAR R
EE E s 4 5 8 = E

Yo % Relah’ve Damage, u ‘

Equation u; = IIBKH}E XM 7

~._



Roadhad
Sail Ralative

Determina@t of Effective Roadbed Soil |l B

RESIIE t@(‘)dulus o 30,006 .05

\\‘

Feb. 5,500 .25
®otep
Mar a,500 070
Determine the average Ur for o |_8:900 | 081
N
all months o oo | 0w
11,000 050

N June
TT1 Z | = u
o Uf — === f hay  p12.700 | 038

n
fug, | 13,000 .034
n is number of months (12) oo | 12,100 | .03
- Bet. 12,800 +035
0.758
0. = — 0063 Now.  |_12:700 036
! 12 |
: bec. 12,300 .038
Summation: E"'l‘ = .75

Elliott,R and Thornton. S,” Resilient Modulus and AASHTO Pavement Design, . TRANSPOR'TATION RESEARCH RECORD, 1989



Determina@of Effective Roadbed

Determine the effective Mr
using average Uy

Y V4

U_f

1.18%108

g ]
Effective Mr = 10[ —2.32

For example:

at U_f of 0.063 ....
Effective Mr =9,900 Psi

Roadbed
Sail Rlative

Month | Modulus, | Damags,

M, lost u,

30,000 L0035
Jun,
Fob, 5,500 a5
o | 5300 | .00
A, 8,900 081
May 4,600 088
e |LLL0D0 | 050
py L2700 | 0%
pug, 13,000 | .03
sopt, | 13,100 | 033
Oct. 12,800 (035
N 122700 | .03
b 12300 | 038
Summation: Zu, = 158

Elliott,R and Thornton. S,” Resilient Modulus and AASHTO Pavement Design, . TRANSPOR'TATION RESEARCH RECORD, 1989

Roadbed Soil Resilhrent BMocubus. Mﬂilﬂ:‘ asal

=
|

=
1 EI]_I_L.I.LIJ

II!I||JIEE!]I_|[][IIIII!!I1

RIS RN

[

’lJIIE[

T T T T T T T

M

Relatwe Damage, u,

= 118x10%cm, -2.32

Eguatran, u "




\

»  Example
&

\\‘

e The table show the roadbed soil
resilient modulus Mr for each
month estimated from laboratory
results correlating Mr with
moisture content.

® Determine

The effective resilient modulus of
the subgrade

Roadbed (Mr)

Month (ib / in)
January 22000
February 22000

March 5500

April 5000
May 5000
June 8000
July 8000
August 8000
September 8500

October 8500
November 6000
December 22000

o



Roadbed (Mr)

Relative

Summation of
relative damage

Average Us

0.133

Effective Mr

7203

(ib/in)  |damage (Ur)
January 22000 0.010
February | 22000 0.010
March 5500 0.248
April 5000 0.309
May 5000 0.309
June 8000 0.104
July 8000 0.104
August 8000 0.104
September| 8500 0.090
October 8500 0.090
November | 6000 0.203




I\Q&\erials of Construction

R S

RS
e Subbase Construction Materials
Quality of the material is determined in terms of the layer coefficient, (a3).
See Figure 20.15 in text.
convert the actual thickness of the subbase to an equivalent Structure Number (SN)
Higher a3 coefficient indicate better subbase materials .

Y V4

e Base Course Construction Materials
Materials should satisfy general requirements for base course.
Quality of the material is determined in terms of the layer coefficient, (a2).
See Figure 20.16.
convert the actual thickness of the base to an equivalent Structure Number (SN)
Higher a3 coefficient indicate better base materials .

e Surface Course Construction Materials
Usually HMA with dense-graded aggregate and max size of 1”.
Quality of the material is determined in terms of the layer coefficient, (a1).
See Figure 20.17.

a, relates to Dense grade asphalt concrete surface course with its resilient modulus at
68°F



N\
I ® Is a measure of the relative effectiveness of a
| .~ given material to function as a structural
‘ component of the pavement.
e See Figures in Ref. book:
: Asphalt concrete surface course (alg

e 16.14:
e 16.15:

e 16.13:

e 16.16

Q@s}fyer Coefficient (a;)

L AB o LS

aa DI \S A

£ felt g sne AN

Bituminous treated base (a,)
Granular base (a,)

: Granular subbase (a,)
e 16.17:

Cement treated bases (a,).



0.5
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0.2

Structural Layer Coefficient, a, for
Asphalt Concrete Surface Course
|
..
W
.
-

|

e

5
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A"

G e

%
U4

s

f

 Ef

0.1

0.0 1 1 1 )= 1
0 100,000 200,000 300,000 400,000 500,000

Elastic Modulus, EAC (psi), of
Asphalt Concrete {(at 68°F)
FIGURE 16-13 Chart for estimating structural layer coefficient of dense-graded

asphalt concrete based on the elastic (resilient) modulus. (Courtesy American
Association of State Highway and Transportation Officials.)
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{1} Scale derived by correlation obtained from illinois.
(2) Scale derived on NCHRP project (4).

FIGURE 16-14 Variation in a; for bituminous-treated bases with base
strength parameter. (Courtesy American Association of State High-
vway and Transportation Officials.)
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(1) Scale derived by averaglng correlations obtained from lllinois.

(2) Scale derived by averaging correlations obtained from California, New Mexico and Wyoming.
(3) Scale derived by averaging correlations obtained from Texas.

(4) Scale derived on NCHRP project (4).

FIGURE 16-15 Variation in granular base layer coefficient (az) with various
base strength parameters. (Courtesy C‘gygrlcan Association of State Highway

and Transportation Officials.) — ‘\9 lﬂbhﬂc A C:],;LQ”
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Modulus - 1000 psi ()

FIGURE 16-16 Variation in granular subbase layer coefficient (as) with vari-

ous subbase strength parameters. (Courtesy American Association of State

Highway and Transportation Officials.)
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(1) Scale derived by averaging correlations from lllinois, Louisiana and Texas,

{2) Scaie derived on NCHRP project (4).

FIGURE 16-17 Variation

in a for cement-treated bases with base

strength parameter. (Courtesy American Association of State Highway
and Transportation Officials.)



s@ Environment

\\‘

®. Temperature and Rainfall are the two main
environmental factors used in evaluating pavement
performance in the AASHTO method.

e Effect of temperature includes:
Stresses induced by thermal action.
Changes in creep properties.
Effect of freezing and thawing on subgrade soil.

e Effect of rainfall is due mainly to penetration of the
surface water to the underlying material.

e If penetration occur the properties of the underlying
material will significantly altered.

\
\
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@nvironment cont.

i

\\‘

Normal Mr (During summer and fall) for materials
susceptible to frost action can reduce by (50 - 80%)
during the thaw period.

Also Mr of subgrade can vary through the year even
when there is no thaw period.

In order to take these variations into consideration it is
to determine and effective annual roadbed soil resilience
modulus.

This was discussed earlier in the roadbed soil section.

Effect of moisture, temperature, and material aging
should be accounted for by adding it to the loss of
serviceability over the design period along with
serviceability loss due to traffic.



Sub&@%e Mr Seasonal Variation

Moisture content effects on Mr

19 300
181 - 270
C !
< 17 +
s | L 240 £
g >
S 16 + ] 4
0 =1
E ] = 210 =
z 15+ ] B
§ i ® 2 E
4 ____ + 180
14 + ¢...0 | —¢—Moisture' |
| .. - MOdUlUSJI .
13 : : : : : | : —t : ' '. : | : 150

Apr. 95 Jun. 95 Aug. 95 Oct. 95 Dec. 95 Feb. 96 Apr. 96 Jun. 96 Aug. 96
Month




Roadbeddoils (Subgrade Material )« -

Effects @\Mr on AASHTO 1993 Design
¢

)

=3
1
l.Et':ll_1:|.

Structural Mumber
Z i 8 :
Full Depth Thickness, Inches
i - Ll ? » - 1 _|_1|'_al AL L l1§r

n ]

T T LI i |

1 ' 5 0 40
Subgrade Resilient Modulus, KSI

1 ST SRR 20 40
Subgrade Resilient Modulus, KSI

Effect of subgrade resilient Effect of subgrade resilient modulus
Ty on.desion on design thickne

number

Elliott,R and Thornton. S,” Resilient Modulus and AASHTO Pavement Design, . TRANSPOR'TATION RESEARCH RECORD, 1989



Subgk‘@%e Mr Seasonal Variation

Freeze Time




[ \\‘ L]
During winter

Frost Heave : Distortion or
expansion of the subgrade
soll or base during freezing
temperatures.

An upward movement of
the subgrade resultin
from the expansion o
accumulated soil moisture
as it freezes.

During spring

(thawing) ice lenses melt
which result in water
content increase which in
turns reducing the strength
of the soil causing
structural damage ( spring
break-up).

Deflection (x 10 -3 in)
5

—_—
o
X

s

=

spring - fall

Pavement structure
frozen

win fi i
- ter L L spring.
thaw | recovery

Pavement
structure

thaw

Aug

Sept Oct Nov Dec Jan Feab

Mar
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FIGURE 12 Moisture content-resilient modulus
relationship for sofl used in example.

30,00

Elliott,R and Thornton. S,” Resilient Modulus and AASHTO Pavement Design, . TRANSPOR'TATION RESEARCH RECORD, 1989




Pavement structure is asphalt concrete or

Portland cement concrete. Base and subbase material

ﬂ\must meet filter criteria.

e Water affect the = / ' : // —
strength of base and Drainage layer | L Jaterial must meet
roadbed soil. s a base.

® The approach 1S to (a) Base is used as the drainage layer.
provide a suitable I

drainage layer, and by | puenen sctre s it concreteor e and st mavesial
mOdlfy1ng the ﬂpermeability criteria.
structural layer N~ W T

coefficient by N )
incorporating the l N
factor (m;) for the Drainage layer

base and subbase below the subbasc.

layer COfolClentS (az Material must meet filter criteria Material must meet

. ; filter criteria.
if base or subbase adjacent to

& ag) . drainage layer does not meet

filter criteria.

(b) Drainage layer is part of or below the subbase.

Note: Filter fabrics may be used in lieu of filter
material, soil, or aggregate, depending on
economic considerations.




Nl Drainage

i

- -
e The coefficient of drainage depends on:

1. Quality of drainage: measured by the length of time
it takes water to be removed from base or subbase
up to (50% of saturation). see Table 19.5 below for
definitions of drainage quality.

2. Percent of time the pavement structure is
saturated. W\ =515, £

S "Wv@o’?
® See Table 20.15 in text and Table 16.7 in Ref. For
recommended (m) values for different levels of



;.\‘ ion of Drainage Quality

o
- -
I Quality of drainage Water removed
: within*
Excellent 2 hours
Good 1 Day
Fair 1 week
Poor 1 Month
Very poor Water will not drain

|~

* time required to drain base layer to 50% saturation




TABLE 16-7 Recommended m; Values for Modifying Structural Layer Coefficients of
Untreated Base and Subbase Materials in Flexible Pavements

R

me m3  Percent of Time Pavement Structure Is Exposed
to Moisture Levels Approaching Saturation 21‘
Quality of Less Than Greater Than
Drainage 1% [%=3% 3%~25% 23 %
Excellent 1.40-1.35 1.33-1.30 1.30-120 .20
Good 1.35-125 1.25-1.15 1.15-1.00 1.00
Fair 1.25-1.13 L.15-1.05 1.00-0.30 Q% 0.80
Poor 115-105 105080 080060 =Ty 040
Very poor 1.05-0.95 0.95-0.75 0.75-0.40 040
P

Fdi vt Soyms=m, TS0



Reliability

[t provides a predetermined level of assurance (R) that the
pavement section will survive the period for which they
were designed.

e Reliability Design Factor: Accounts for chance variations in
both traffic prediction & performance prediction.

® (R) is a mean of incorporating some degree of certainty into
the design to ensure that the various design alternatives will
last the analysis periods.

® (R) is a function of the overall standard deviation (So).

e See Table 20.16 in text or Table 16.6 in Ref. for suggested
levels of Reliability for various functional classifications.

The reliability factor is comprised of two variables:
Zy = standard normal deviate

S.-=-combined standard error of the trafficand
performance prediction.
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Reliability

The level of reliability to be used for design should increase with the

increase of rb];gj,;l_&_},fo Nk

\ ® The volume of trdffic.
| ® Difficulty of diverting traffic.

ublic expectation of avallablhtyé_e\‘\g-w ‘l’f""
TABLE 16-6 Suggested Levels of Reliability for Various Functional Classifications

Recommended Level of Reliability

Functional Classification Urban | Rural
Interstate and other freeways 85-99.9 80-99.9
Principal arterials 80-99 75-95
Collectors 80-95 75-95
Locals 50-80 50-80

Source: AASHTO Guide for Design of Pavement Structures, American Association of State Highway and Transporta-

sion Otficials. Washington, DC (1993, 567.,?6}:[ %J" f&o,é)\.':\\\ ~J @L /vl{



Nl Overall So

i

\\‘

® .S0: Overall standard deviation that accounts for
standard deviation (or variation) in materials &
construction, chance variation in traffic prediction, and
normal variation in pavement performance.

So = 0.45 for flexible pavement (0:40=0:50)

So = 0.35 for rigid pavements (0.30-0.40).
Reliability Factor (Fr >= 1.0)

Log (Fr) =- (Zr) (So)

Zr = Standard Normal Variate for a given reliability
(R%).

See Table 20.17 in text for Zr values for different
Reliability levels.



Table 19.8 Standard Normal Deviation (£ Values Corresponding to Selected Lewels

of Aeiabality
Srardard ormmal
Reliabifity {R%) Deviation. ¥
50 —{L000
&0 —11:253
0 —{1.524
75 —{LET4
KO —{LB41
RS — 10137
an) —1.282
a] —1.340
a2 ~1.405
a1 ~ 1476
a4 —1.555
93 — 145
4 —1.751
a7 ~ KA1
ag —21054
4y VO vl —2327
oG, o - — 3040
0g, 5o —3.750

SOURCE: Adaplod wilh pemmission Irom AASHTO Gandde for Oenipa of Meeemenl Srcanes, Aamerican
Asnciabion of Siale FHigheay and Transporial ios OiScak, Washisgios, 2O 1905



The standar; rmal table value corresponding to a desired
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dard normal deviate. ‘O -.oio B

rmal
Reliability (R%) Deviation, Z

A designer may specify that 50 =0.000

there should only be a 5 % 60 -0.253

chance that the design does not 10 -0.524

.+ last a specified number of years g ‘gg‘l‘
g, 20 : —

(e.g., 20 years) o L0

This is the same as stating that gﬂ ‘iﬁﬁ

there should be a 95 % chance g; :1‘405

that the design does last the 0 _ 1‘4? y

specified number of years (e.g., 04 _{ 585

20 years). 95 1645

Then 96 =T.751

' 97 ~1.881

the reliability is 95 % (100 % - ” -0

5 %) 99 -2.327

0 99.9 -3.090

The corresponding Z; value is - P ~370

1.645



S@tural Design Concept

I ® The objective of the AASHTO method is to
| .~ determine a flexible pavement structural
|  number (SN) adequate to carry the projected
design ESAL.

e [tis left to the designer to select the type of
surface used, which can be either asphalt
concrete, a single surface treatment, or a double
surface treatment.

® The design procedure is used for ESAL>50,000
for the performance period.

v _.~. DEON o A a,& /V € /|



The basic design equation gven in the 1993 puide 15

ol
Reli ik %ﬂj )

ESML + 232 logyM, - 80T
where L 5“5‘3"&

W, = predicted number of 18,000-1b (80 kN) single-axle load applications
Zy = slandard normal deviation for a given reliability
§, = overall standard deviation
SN = structural number indicative of the total pavement thickness
APSl=p, - p
(o cly ) Drickress s Sllspsrws



&&‘ictural Number (SN)

I ® SN = F (pavement layer thickness, layer
- coefficient, & drainage coetficient)
® Required Inputs (See Fig.20.20 in text
and 16.11 in Ref.):
ESAL
Reliability
So
Effective roadbed (Mr)
APSI



NOMOGEARH SOLVES : A BS1

| NPT
109,31 g = 255+ 9.36%10g, ((RW1) - 0.20 + T+ 232l - 0.0
0.40 +
@n1)>19
1 3 | 7
. =
0-3 ' /
S
o] > 3
o B
¥ %2 Fope
z.‘g E " 0
Lo :—,3 Ei (] 1/
2 d
= ;g 2 : /| z/
] i ////
1 3; S, Z Lz
o8 g B d
"N
4
Example:
W =5x10*
']
R =98 % Design Structural Number, SN
5, 0.3
u. : 5000 psi
OPSI = 10

Solution: SN 50

FIGURE 16-11 AASHTO design chart for flexible pavements based on using mean values for each input. (Courtesy
American Association of Highway and Transportation Officials.)
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Selection of Pavement Thickness
o Design

&
I ® Once SN is determined, it is necessary to

.~ determine the thickness of various Layers.

SN=a1D1+azD2m2+a3D3m3

a;: Coefficient of layeri
Di: Thickness of layer i
m; : Drainage Modifying Factor for layer i.



Q“Qigr%uctural Number (SN)

\\‘

There are three type of SN :
SN1 = The structure number require to protect base layer
*SN2 = The structure number require to protect subbase layers
SN3 = The structure number require to protect (roadbed) subgrade
layer

.. Surface course - -

...‘ -. - .' o " ' ""‘ . I..c. ‘.-‘r, ..v" * -. Ll : ’ e " -..
DA . . . . . R 2 . R . s L . .
SR N Y " b SR

Base course

Roadbed course




SDesign steps
D

\\‘

tep -1:

'.. - Determine the Structural Number (SN) for
pavement layers

b&é&@rg\@ﬂ S\ aw ~ e
SN, = The structure number require to protec
SN, = The structure number require to protect subbase layers

SN, = The structure number require to protect (roadbed
layer

Step -2 :

Estimate the required layers thickness based ¢

V O 9



logyo[ APSI/(42 — 1.5)]

lﬂgmwlg = ZRSﬂ +9.36 lﬂgm [:SH + ].} - 0.20 +

+ 232 logiuM, — 8.07

0.40 + [1094/(SN + 1]

(19.7)

Pavement { \{

Performance
(APSI)

(Mrpase) a1

SN1

Traffic
(ESALS)

(Mrsubbase)

---_----

D1, a1,

- """ Surface course * -G

SN2

ap, mp,

(Effective subgrade My)
Reliability
(ZR) (So0)

ajp ap, mp Dl, D2

ol '_Surface course SRR

SR RS SRy YETE

B R

PRI " - Base course -

ATV B O YT

-+ Surface course * -+ 3

Ty '4 . '. o Syt e B

- Base course -
ﬁ ..V -




R
sgs*

I Step -1:
" Determination of Pavement

Layers Structural Numbers
(SNs)



S

+2.32log oM, — 8.07

lﬂgmwlg = ZHS'_., +9.36 Iﬂgm {:SN + 1} - 0.20 +

\ a ) \ by
slbltl) [
Wi W b | T ;
iw‘ 4 » ! E.‘v“ t'.n" ‘ ‘:’ j

SN Determenation & rrimnroms R

logyo[ APSI/(42 — 1.5)]
0.40 + [1094/(SN + 1]
(19.7)

®| W= predicted number of
18,000-Ib (80 kN) single-axle
load applications

® Z. =standard normal deviation
for a given reliability

® S_=overall standard deviation

e/ SN = structural number
indicative of the total pavement
hickness

APSI = p. — p,
p, = initial serviceability index
p; = terminal serviceability index

Mr = resilient modulus for Base,
subbase, and effective subgrade
layers |b/in?



SN determe NS by On/ DeSIgn Chart for ﬂelele pavem _“ The Hashemite University

(Nomog@ solution )
4
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Design Structural Number, SN




The Hashemite University

é B Design Serviceability Loss, APSI Y
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General ocedure for Selection Layer

3,% Thickness Cont.

\\‘

Using (E2) as Mr and (Fig. 20.20 or16.11), determine
SN1 required to protect base. Then compute thickness

of Layer D, as:
SN, @

a,

D, >

2. The computed thickness D1 is usually rounded up to
the nearest one-half inch.

3. In addition for purpose of practicality and economy,
certain min. thicknesses are recommended (Table
20.18in Text and 16.8 in Ref).

4. The rounded value of (D1) will be used in the
preceding calculations as (D1").
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Table 19.9  AASHTO-Recommended Minimum Thicknesses of Highway Layers
-

| o4 Minimum Thickness (in.
7 et —

[rafic, ESALS Asphalt Concrete Agarezate Buse
Less than 30,000 1.0 (or surface treatment) !
30,001-130,000 Al !
150,001-300,000 13 !
300,001-2,000,000 3 b
2,000,001-T,000,000 33 b
(reater than 7,000,000 40 b




General ocedure for Selection Layer

Thickness Cont.

N\
®  Using (E3) as Mr and (Fig. 20.20 or16.11) ,
determine (SN2 ) required to protect the
: subbase. Then compute thickness of Layer D;
as:

ne computed thickness (D2 ) is also rounded
0 to the nearest one-half inch.

neck min. thickness.

T!
u
3. C
T!

hreceding calculations as (D

ne rounded value of (D2 ) will be used in the

»



General ocedure for Selection Layer
N\ .
Thickness Cont.

N
I ® Using the roadbed soil (Mr) and (Fig. 20.20
or16.11) , determine SN3 required to protect

\
\

the roadbed soil (subgrade). Then compute
thickness of Layer D3 as:

_,,4\1.% Vs
~L D;=>

Ds.“mm <isl

* % %
SNS—a1XD1 _aZXDZ

a;m;

\}

2. The computed thickness (D3 ) is also rounded
up to the nearest one-half inch (D3%).



E@@'mple 1 (20.8 in text)

WJ-m2~5% $-,—‘$ A M q/ M—,b
® A flexible pavement for an urban interstate highway.

e ESAL=2x10°

o
un*.wz\é»u@a

e The pavement structure will be exposed to moisture
levels approaching saturation for 30% of time.

Resilience modulus of asphalt concrete = 450,000 psi.t!
Base course: CBR =100, Mr = 31,000 psi= L
Subbase course: CBR =22, Mr =13,500 psi- £3
Subgrade: CBR = 6 Mp~= 1500 % &
Determine a suitable pavement structure.

> ajd’



® 6 6 06 0 0 0 00 & o

$§<ample 1/ Solution

- -
The following assumption are made for an interstate highway:

R'=99 (from 80 - 99.9 Table 20.16)

So =0.49 ( range 0.4 - 0.5)

Initial PSI =4.5

Terminal PSI = 2.5

APSI =2

Mr for subgrade = (1500 x 6 )=9000 psi

From Figure 20. 17 with Mr = 450,000 psi find a; = 0.44
From Fig. 20. 16 with CBR =100 find a; = 0.14

From Fig. 20. 15 with CBR = 22 find a3 = 0.10

From Table 20.14 find drainage quality = Fair

From Table 20.15 find m; = 0.80 ( for base and subbase).
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xi0® 7 Design Structural Number, SN

03 4 L e T
5 Design Serviceability Loss, APSI y,
E "
i o
y 105 & p
|—99.9 o 50 < "T
0 VA 4 40
3 SE
] N b=
$ 211% e
" hE
9 S8~ L5 % o 10
o 53 - 82
s hg S5 = =3 g
z| \°4 0% 33
Ry FE ©s
=L o= U
= 4 = ZE
e |4 2 E o2
ol ' e J:
E_gﬂ 6 EE t.t':uﬁ 1
2 ‘ 05— 4= b e
— 80
:.m ]~UJ/A/ SN1=2.6
B /
- 60 15,7
5 2.04/3.0
I| I [ I | I |

7

-

Follow the red line




pplications,

=9
=

/ (lb/in.2) x 103
{1
=

L
—

Reliability, R{%)
Estimated Total 18-kip ES
Effective Roadbed S
Resilient Modulus,

Wi g {millions)

Mr for subase layer = 13,500 psi

Design Serviceability Loss, APSI

I |
5 4 3

Design Structural Number, SN

Follow the red line



Applications,

f, (Ibfin.2) x 103

hil

>y
v

Estimated Total 18-kip ESXR
[7

Wi g {millions)
Effective Roadbed

Reliability, R{%)
Resilient Modulus,

Design Serviceability Loss, APSI

/l /

Mr for subgrade layer = 9,000 psi

=9 XlO3

/
.05 //
],UJ/AV SN3 =4.4
4/
A
Jﬁll'lf"I T
9876 5 4 3 2

Design Structural Number, SN

Follow the red line




Qg\.‘i?'jxample 1 Solution

N
I @ Using E2 as Mr & Fig. 20.20
\ SN1=2.6

\

SN, 2.6

a, 0.44

=59 in....use 6 -in.

0D1>

® Using E3 as Mr & Fig. 20.20
SN2 = 3.8 ,\5\@ s

SN,—a,xD}  3.8—0.44X6.0 V=S,
D,>——~——= =10.36
a,m, 0.14x0.8 é
’(_)\’ng\@

ISe D2 =12, S pE “000'0\5@




@\ijample 1 Solution

I ® Using subgrade Mr & Fig. 20.20

: SN3 =4.4

D3>=[SN3 - (al D17)- (a2 D2" m2)] / (a3 m3)

D3>= [4.4 - (0.44 * 6) - (0.14* 12* 0.80)]/ (.01 * 0.80)
D3>=5.25 -in....... use 6 -in (as per textbook)

The pavement has a 6-in surface, an 12 -in base,
and a 6 -in subbase.



@\ijample 1 Solution

I ® Using subgrade Mr & Fig. 20.20

: SN3=4.4
Alternatively (using D2" = 10.5)

SN,—a XD{"—a,xD;" 4.4—0.44%x6.0—0.14x10.5 _ 29

~£7 =3.625

e D,>
3 = _
a3m3 = 0.1X0.8 0.08

Use D3”=4 -in (as per textbook)

The pavement has a 6-in surface, an 10.5 -in base,
and a 4-in subbase.
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The Hashemite University

Example 1 Solution

Q N\
eport&e selected values

o Di*=6in
¢ D3*=10.5in
o/ D;=4in

? _".,:"Su;fa‘cg cogrs.e,'.-.',.-']j-'.e 1| 6in

P A " £ '._.-"‘v'-..-.‘..—r. :‘.'.....' .
. .. ) ] ..._".'-." ‘v.'.b"v." o

Base course D,| 105in

SN,

4.01in

Roadbed course
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&“@. Example 2

\\‘

Given:

Flexible pavement in Rural interstate highway.

Design ESAL 3000,000

Subbase exposed to moisture saturation 5% of time & drainage
quality is Fair.

Base saturation level 10% of time (Fair drainage quality).

Mr (HMA) = 420,000 psi .............. (a;,=042).
Mr (base) = 24,000 psi .....c.c....... (a,=0.13).
Mr (subbase) = 10,000 psi .......... (a;=0.075).

CBR (Subgrade) = 1.0 ...thus Mr=1500 (1) = 1500 psi
Reliability Level R = 85%

So=0.45

APSI =2

Required: Design the pavement by the AASHTO method



@\ijample 2 Solution

N
I ® Using E2 as Mr & Fig. 20.20
\ SN1=2.45

D1>=SN1/al1=2.45/0.42 = 5.8 -in use 6 -in.

® Using E3 as Mr & Fig. 20.20
SN2 =3.5
D2>=[SN2 - (a1 D17)] / (a2 m2)
D2>=[3.5-(0.42*6)]/(0.13 *0.95)
D2>=7.9-1n use 8 -in



@\ijample 2 Solution

I ® Using subgrade Mr & Fig. 20.20

: SN3=6.5

D3>=[SN3 - (al D17)- (a2 D2" m2)] / (a3 m3)

D3>=[6.5 - (0.42 * 6) - (0.13* 8* 0.95)]/ (0.075 * 0.90)
D2>=44.44 -in use 44.5 -in

The pavement has a 6-in surface, an 8 -in base, and
a 44.5 -in subbase.
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Pavement Materials & Design

(110401466/2104011466)
Hot Mix Asphalt Production and Placement

Instructor:
Prof. TALEB M. AL-ROUSAN



{,§§MA Manufacturing

AL -

EMA is p’ oduced in a plant that proportions,
‘blénd ;and heats aggregate and asphalt to

\
\

produce a HMA that conforms to job mix
formula (JMF) requirements.




%&}ntral Mixing Plants

\\‘

:d'\%jl‘,\.?ts{ , ,.._*
e. Central Mixing Plant: Plant or factory at WEiCh tﬁe
bituminous paving mixture is produced, in a process
.+ beginning with the aggregates and bituminous materials
- &. and ending with the discharge of the mixture into hauling

:m‘its for transportation to the job site. L T
(o)) J 34, e o

. . BONPUI
® Preparation of the paving mixture at a central plant offers
the advantages of. | .o . 55..35.b
More careful proportioning of the ingredients.

More uniform and thorough migjng with consequent prod\uc;tion of
more uniform mixtures. = )%w‘-‘é}’gl ey 205 Ee 4

Less dependence on favorable weather conditions.e— <22 k024
Use of more viscous bituminous materials. QL J‘lf)‘!’b ;

>
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Q‘&}ntral Mixing Plants

N\

® Central Mixing Plants are described as:

Portable : Small units, self contained, & wheel mounted.
Or large mixing plants in which separate units are
easily moved from one place to another

Semi-portable: Plants in which separate units must be
taken down, transported (trailer, trucks, or railroad
cars) to new location, and then reassembled.

Stationary: Plants permanently constructed in one
location and are not designed to be moved from place
to another.

e Portable & semi-portable are numerously used and have
capacity range up to 400 tons/hr.
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Typ@f Central Mixing Plants

\\‘

e Batch Plants:

The correct amount of aggregate & bituminous materials, determined
by weight, are fed into the mixing unit of the plant.

The batch is then mixed and discharged from the mixers into trucks
before additional material is introduced.

® Drum Mix Plants:

the aggregates are proportioned prior to entry in the mixing drum by
means of precision belt feeders which control the amount of each class
of aggregate entering the drum.

Drum feeder dries the aggregate & blends it with asphallt.

The HMA discharges continuously into a surge silo, where it is
temporarily stored and later loaded into trucks. i

I
‘ ‘- ~ ny
W4 ‘.‘.l',oﬁ)gr“ ?J\%Qv é'e/s
he choice of a batch or dj jx plant depends upon business factors suc
as purchase price, operatifnng costs, production requirements and the need féor

flexibitity-i s
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Drum Plant

Generally, offer

\

( higher production
rates than batch
plants for
comparable cost.
Each type of plant
can produce the
same types of HMA

Baghouse dust
collector

Bitumen

tanks \g

Dryer/heater
drum

Aggregate

(L
7,
/

2

Batch tower:
screening unit
and pugmill

Hot mix

///
-

-

(L

-

Reclaimed
asphalt bin




]ordan{‘@mational Building Council

I Specifications for highway and bridge
construction

\
\

plasind axe y Al ) (Batch Plant) dglin) aladal Jlesdiud —
. (Dryer Drum Mix. Plant) | (Continous Plant)
e e el iy (f -
Alasiul aae o 4S5k oY1 (Batch Plant) datiuy! Uadadl Jlaiad —
. (Dryer Drum Mix. Plant) 4 (Continuous Plant)
Ao e Yaal Ly Y o -



%@/IA Plant Functions

w v L 2qa s
I @ Aggregate and asphgltjsgcofgée.
Y@ Aggrega%arying.
® Dust collection, air pollution control.
%J&f ..
® Aggregate and asphalt’proportioning.
e Mixing.

e Mixture discharge/storage.
DN, 2T g 2ds s )b



Good drainage
Minimize segregation




&‘@%old Feed System

&N
c01y,.o S0 Yol bas
® Provide uniform flow of various aggregates

(e Flow generally controlled by: <18 220
g W3 les | X
Gate opening 2 3.6 del,gl
Belt speed Ssyv | cﬁ},w["%
e Coarse aggregate typically flows better
& Slniform feed rate is essential. )

WD /90 Jglcodke P




sg@jold Feed Bins
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Agg@‘g’ate Drying & Heating

M’.}’JGIA“WWG
© DrE/ and heat iﬂe&ates from cold feed.

e Large e ng oL N
A9 as2e A4 325k
e (il or gas burner, or heater (é@ﬁ’é’?fﬂo%te‘é&ﬁ’ ?e-ﬁ’

lowerend).  \ e S gt g, W S SbaeS
e Drum mounted on a slope (angle to the Horizontal)

® Flights (steel angles or blades) in drum lift aggregates
Aggregate falls in veil through hot air stream

e Hot aggregates are then discharged from lower end,
generally onto an open conveyor or enclosed hot
elevator that transport it to the screens & storage bins.

M_._,,:J&SO oML@j&&lolAy@ ﬁ'{»fla:‘) &é_::!_&'_g % A,é.«fub.‘%.!




Dus@%llection Dust collection

Y
S) o .
@ ‘ * q'%,dw A‘é‘/.g‘ L'zni;’f;:ﬁ;?:.'?ti!‘:izn’.?A: L e A s
: SVIE LS et L
® Works with the SR BT A Y
. W) E ,’ sid '.’,

drying system
e Eliminates dust from
plant exhaust

¢ Two basic types:
Wet scrubberd¥! «2e

Baghouse

Collected dust may
be returned to drum
if desired
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@Asphalt Storage

\\ - —
Qs 00/ _wb5 5.5 ) 2203 25 |93 S g OGS
® Provides heated asphalt for mixing
: Steam or hot oil circulates through coils in
tank.

Electric heating jackets.
® Tanks, lines, pumps should be heated

e Tanks should be calibrated to allow for
content determination. sples (gorS2o ¥

S ols frel s






F\hs Feore
¢ Plant operations are

monitored

Y V4

Agé.fg te feed%de (s)

Aspha é"g
Burner conhtrol

Truck loading
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-@eh—P-l-a-ﬁts+Fea-t-u-res-
& . o .-,
I ® Aggregates ﬁ’rli“gc’l, gé‘%%ted by size.

s) o B, A )s) P Lﬂ"-e-ﬁ . .
: oAggreZ(gaJ‘E/esqf‘Léséom ine by weight in
weigh hopp&r; n
N R Dy
e Aggregates introduced 1ri%éppugmill,

briefly mixed. -
. éJ‘az.’/p Gy Sl GV b o) .
e Asphalt introduced by weight, mixed with

aggregates.

e Completed HMA discharged or stored.
T e Dy (b oliabin)) oo U]



ss,%‘%atch Plant Layout

\\‘

Dust
Collector
: ,
Cold Feea Bins
):(ID:(D:(I Dryer

Cold
Elevator Hot Elevator

ASPIAL

/

Storage Silo
(optional)

Asphalt Trucking, Inc
B )

&




Batc%@%nt/ Asphalt Delivery System

Digital Scale

Weigh Tank
Mounted

Pugmill § Bars
1 . On Load Cells

Pu
For Presalite
Sysbam

Asphalt cement s welghed separately
im @ load cell-mownted weigh tank,

Figure 4.35 Asphalt Weighing and Delivery System in 4 Batch Plant { Courtesy of GenTec)




1. The gates ol the weigh box are 2. Tha asphall is discharged inlo
npened, and the apgregates the pegmill by a sprayhar
pmply inta Ehe pegmill.

3. The HI1|] dleg and T asphall 4. The pugmill gate aopens, and 3. The pugmill gale closes o
dre mixe the Tinle®ed mix s dischanged. rescaive the nexl balch.

Fieure 4.39 Steps in a Typical Baich Plant Mixing Cycle



S‘Q@' Drum Plants

\\‘

G i ® Bamuo Gl £PTAL
goregates are dried, mixed with asphaltin a
continuous operation
Quality control entirely dependent on:
stockpile management
plant calibration P

' . . A1
e Mixture must be stored in surge

bin or silo.

o Blantdonsist of : (Aggregate Cold feed bins;
Conveyor & aggregate weight system, Drum
mixer, liquid asphalt storage tank & pump; hot
mix conveyor; mix surge silo; control van; dust
collection system).




Q§B’rum Plant Layout

. sarge Bin
Automalic -
Viging Syt hol i Comeyor " “ﬁ"““““'“
Cold Feed Conveyar M i
| | D Canirol House
\L[:ﬂ:fd{H?E:Mr“ tal W
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Asphall Storage Tk Rsphll P N

iotre 443 Basic Drum Mt P
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As@alt Mixtures Transport

coye STASAISEY
. Mix transport involves everything required to
! convey HMA from a production facility to a
‘ paving site including truck loading, weighing and
icketing, hauling to the paving site, ping of
the mix into the paver or material transfer
vehicle hopper, and truck return to the HMA
production facility.
ol pls
510 _Ideally, the goal of mix transport should be to
maintain mix characteristics between the

hroduction facility and the paving site.
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QS@'phalt Mixtures Transport

N
. - L™ F o] S
Ed 5

End dump Trucks

End dump trucks unload
. their paylo' zld by raising the
front end and letting the
. payload szi(le down the
w‘g%‘?‘f'(ifrﬁ"?)} e ‘Qg_d and out
the back through a tailgate .

They are the most popular
transport vehicle type
because they are plentiful,
maneuverable and versatile.
93556100 U K S S Gy b 22

-y /1
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Q‘s@'phalt Mixtures Transport

4

Bottom dump (or belly dlimp) Trucks.

Bottom dump trucks unload their payload by opening gates on the bottom
of the bed.

Internal bed walls are sl'oped to direct the entire payload out through the
opened gates. Discharge rates can be controlled by the degree of gate
opening and the discharge is usually placed in an elongated pile, called a
(,.}, ywindrow, in front of the paver by driving the truck forward during
discharge. Windrows require a special MTV to feed the HMA into the

paver. N
Jod @t 3ol Sz Wiv QB2
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®» Live bottom (;?ﬂo boy) Trucks. L= sb. A& e

Y V4

Q“gﬁ%phalt Mixtures Transport

Live bottom'aoump trucks have a conveyor system at the bottom of theil
bed to unload their payload. o 2l

HMA is discharged out the back of the bed without raising the bed.

Live bottom trucks are more expensive to use and maintain because of
the conveyor system but they also can reduce segregation problems and
can eliminate some detrimental types of truck bed - paver contact
(because the bed is not raised during dlscharge) g-9 ,¢C}'::9-’M




HMA Placement




“Propelled Paving Machine

THE BASIC
PRINCIPLE HAS
NOT CHANGED
MUCH




As@t Mixtures Laying/Paving

- -
Laying of the hot asphalt is carried out
with special motorized units called
pavers.

Pavers are available in a wide variety
of sizes capable of laying mats from as
narrow as 1 m to up to 16 m wide.

The minimum and the maximum range
of paving width vary from one
manufacturer’s model to another.

The pavers are distinguished from the
type of their traction, and there are
two types: ¥ac

The wheeled pavers

e tracked pavers. — _y A

The tracked pavers
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As@t Mixtures Laying /Paving
S e

— o MV O

This set of functions can be _;C':Qant.-u-a-@ CA .28 co'vélé.""'}‘ .

divided into two main systems: 2- Screed i,;,)-,qj Mm L

N R— The most critical feature

Thi trfaclt;)r Elontatlns the of the paver is the self-
material feed system, leveling screed unit,

rvi’lhi;h accefpt}:: the HMA at which determines the
the I‘OI:lt © the paver,hd profile of the HMA being
moves it to the rear an placed.  &lwva B

spreads it out to the The screed takes the

desired Width In head of HMA from the
preparation for screed : :
material delivery

leveling and compaction. o
S ' system, strikes it off at
M»ﬁ:;’.j_m:hf’ P 9.':"'" »3%3/ }id‘:{‘l‘ the correct thickness
= o 29 PweaNAa A ey | Qe and provides initial mat

compaction.

2 sulio ~ B o2 ghis)

-



Profile View

Plan View

— Push Roller

Start Paver

Show HMA

Show Material Flow

— Conveyors

<+— Hopper



Supoort materials/Paver.swf

®$'aving Equipments

4
&N
I Paving Machine Components

o ® Tractor unit

e Screed (M’Cg\wlgi_b
"3

e Electronic grade controls




sg@' HMA Delivery

- -
I @ Paver pulls up to meet the truck
DON'T BUMP THE PAVER!

\
\

e Break the load before opening tailgate.
e Charge the hopper before it’'s empty.

Tractor ,Jlgw
[ seeseese |

Fu:h'
Aaollers




D@S'T BUMP THE PAVER!




A@matic Screed Controls

N\

® Electronic adjustment

to screed height using

i sensing and reference
system

® Sensor detects
elevation changes,
adjusts height of tow
point

® Slope (transverse)
controls

Fieare 5.1 7 Automate Screed Reference Sistan



Q§¥aving Operations

4
\\‘

M’?’ﬁfﬁw# L SIW LAY RF9orr G/)s N USRP A S,
® Maintain uniform resistance to face of

* screed! s .
el ek s L

Keep Paver in motion 75% of the time

Keep augers turning 85% of the time

¢ Coordinate mixture delivery, Paver
speed and compaction operations.
o compidion o\ A3 Nos 5 RaverBler gse sk fo s U N2
Sauliz, £G4 437






%@ Placement

fp——

Placement Con31der tio L @q’w ¢id
aabp Y ELW

N Lift thickness

o A “lift” refers to a layer of pavement as placed by the
asphalt paver.

e In order to avoid mat tearing (which generally shows
up as a series of longitudinal streaks) a good rule-of-
thumb is that the depth of the compacted lift should be
at least twice the maximum aggregate size and three
times the nominal maximum aggregate size

because it is prone to aggregate segregation and results in
a slightly rough surface texture
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Nl Placement

hS
\\‘
Placement Considerations:

Longitudinal joints

Y V4

The interface between two adjacent and parallel HMA mats.

e Improperly constructed longitudinal joints can cause premature
deterioration of multilane HMA pavements in the form of cracking
and raveling.

Handwork

e HMA can be placed by hand in situations where the paver cannot
place it adequately.

e This can often occur around utilities, around intersection corners
and in other tight spaces. Hand-placing should be minimized
because it is prone to aggregate segregation and results in a
slightly rough surface texture.
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&g@' Compaction

\\‘

@\, The compaction of asphalt layers is possibly the most critical stage
of asphalt works.

Y V4
o

It is needed to achieve proper and uniform compaction, which in
turn ensures a better long-lasting performance.
® During compaction,

The coated aggregates are compressed, are re-oriented and take
such positions that the distance between them becomes the
smallest possible.

As a consequence, the air voids decrease, and the mixture
density increases.

Because of aggregate re-orientation, the stability of the mix and
the strength of the asphalt and of the pavement increase.
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Compaction

© : The process of compressing a material

into a smaller volume while maintaining the same mass.
e Essential to good performance!

N I

To provide shear Stre';?gth or resistance to rutting

+

To ensure the mixture is waterproof

To prevent excessive oxidation of the asphalt binder
\.s\ M%%Myoﬁ /\‘O.M.A.O__y-“-o
e Needto compact to desn"able air voids level
conventional dense-grade mixtures: 4- 8%
gap-grade mixtures: 3-6%

e Compaction can only be achieved f _/;,.,cm:

Dol I mixture is Conjined> o) "~
mixture is hot ( Workable] NWG‘GJOM

’ |l
a 4 ey ‘l 22) ATA VL el SNEY - 2 ‘6‘4‘,
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& Compaction
o
N o
PSS Qg ATV SS9 by g it B D s
@ The aim during compaction is to achieve an
optimum void content and at the same time to
ensure a smooth surface. - N
LIS

' T ' ELJa
® An asphalt concrete 1mﬁfeA5’f§tely a teq)“ la’;rihg has
a void content ranging from 15% to 20%, using
conventional screeds.

® The task of the rollers is to reduce ’g_hi§ content to
approximately 8% or less. e——3~wdpsiAt 5.0

® Air voids of less than 3.5% after compaction
should be avoided, since rutting, flushing and
instability of the mix will most certainly occur.

15> 350 d5) 6% compdlon)| Re oozl 22




Compaction

Zone of highest
< durability >
Flushing, rutting, Ravelling, stripping,
instability disintegration
0 1 2 3 4 S 6 7 8 9 10 11 12

Air voids, %, following compaction

The effect of air voids obtained during compaction on

the durability of asphalt concrete layer




Fac@?s Affecting Compaction

\\‘

e, Mixture properties ,"/ _9’ 2 A:,;D[AD _

Aggregate
Asphalt
Mix Temperature
e Base/subgrade support (confinement)

Ambient conditions &— ak 5, O',g}b
o Lift thickness: < Zebagi

Compacted lift thickness at least 3 X nominal maximum
aggregate size (or 2 times max agg. Size).

particularly important for gradations below maximum density
line

0.5 in nom. Max size = use 1.5 in minimum lift thickness (prefer 2
inches, especially for coarse-graded mixtures)

Thicker lifts conserve heat longer, provide more time for
compaction

@ Rollers
-'IV.

Y V4



Facto¥s Affecting Compaction/

3% Aggregates

\\‘

e Aggregates, with respect to their particle size distribution, shape and
@urface texture, directly affect the asphalt workability /compactibility

Open-graded mixtures have better workability and require a smaller
compaction effort than dense-graded mixtures.

\
\

An increase of coarse aggregate content reduces the workability and
increases the compaction effort.

When rounded and smooth-surfaced aggregates are contained in the
mixture, its workability increases.

It is known that workability /compactibility is improved by the
addition of natural sand or by the use of uncrushed aggregates
instead of crushed aggregates.

o High percentage of filler can have a negative impact on the
asphalt workability /compatibility.
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fecting Compaction/ Bitumen
and Temperature

The grade or type of bitumen and its quantity in the mixture are the
major factors affecting asphalt compaction.

The increase of bitumen content has, up to a point, a beneficial effect on
the asphalt workability /compaction.

when ‘hard’ bitumen is incorporated into the asphalt, the compaction at a
given temperature is more ‘difficult’ than the one of asphalt containing
‘soft’ bitumen.

To phase this problem, the asphalt produced with hard bitumen is
compacted, and thus produced, at higher temperatures.

The appropriate compaction temperature is determined by the
viscosity/temperature relationship.

As a general rule, compaction of asphalt with grade bitumen should
never start when the mix temperature is less than 85 °C to 90 °C.
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Factors Asfecting Compaction/ Bitumen

\
& and Temperature

\‘
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A point that should also be noted is the uniformity of the temperature
throughout the mass of the mixture.

The non-uniformity of temperature affects the density of layer with

respect to depth. M‘,&\;J@%’-’ o\o sy () g Sao
N "yl BN
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perature Is Critical
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Factors Affecting Compaction /fEnvironmental

@ondltlons and Layer Thickness

N\

Environmental conditions

e Affecting compaction and the duration during which compaction
N should be completed.

e Low ambient temperatures and high wind speeds demand a shorter
duration of compaction. o _)3’%

Layer thickness
e Affects the ease in achieving the desired degree of compaction.

e In general, the thicker the layer, the easier it is to achieve the desired
compaction, since it retains its heat for a longer period (lower rate of
heat loss).

e Layers with a thickness between 25 and 40 mm, if possible, should
not be laid during cold winter months, or greater attention should be
given to the duration of compaction, which should be as short as
possible.
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Facto¥s Affecting Compaction/

N : .
wCompaction Equipment

\\‘

e < Effective compaction is related to the type of compaction
equipment used.

® The desired compaction is achieved by applying a certain number of
passes of the rollers over the asphalt layer, known as compaction
effort.

e The number of passes is always determined in situ and it depends on:
The asphalt type, thickness of layer, weather conditions and type and
weight of roller

Y V4

® There are four types of rollers:
(a) static steel-wheel roller &— Z2/ po 20! wo
(b) vibrating steel-wheel rollers &= x>0 o%g_;
(c) pneumatic-tyre rollers &— 2)s34L< )p.s

(d) combination rollers
o &

2~ p),
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%@%’paetion Equipments

@ Screed unit on paver” AR
i weight of screed WP O 207 Moo\ S+ R
tamping/vibratory unit rolles

e Rollers
Vibratory steel-wheeled

Static steel-wheeled
Pneumatic
® Combination rollers



%&\'paetion Equipments
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Three-wheel static Double-drum vibrating roller
roller

Pneumatic-tyre roller

Combination roller



s\@?ibratory Rollers

& S
I @ Commonly used for initial (breakdown) rolling

. @ 8-18.5 tons, 57-84 in wide (“heavy” rollers)
50-200 Ibs/linear inch (PLI)

® Frequency: 2700-4200 impacts/min.
e Amplitude: 0.016-0.032 in.

For thin overlays (< 2 in.) use low amplitude or static
mode

® Operate to attain at least 10 impacts/ft
2-4 mph



%‘@?ibratory Rollers
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St%@? Steel-Wheeled Rollers

I ® 10-14 ton rollers normally used for HMA

.~ compaction.

Commonly use vibratory rollers operated in
static mode.

® Lighter rollers used for finish rolling.
e Drums must be smooth and clean.

e For initial compaction, drive wheel must
face paver. 13 2043 9 e Jos\ oo



T@e-Wheel Static Roller

\\‘




I;gg{lmatic-Tired Rollers

N\
I @ Reorients particles through kneading action

. ® Load/tire: 1050 - 6730 Lb/tire depending on
model/ballast

® Tire pressures:

~70 psi (cold) for compaction B{,L\-&:’éj&b
~50 psi (cold) for finish rolling v/

e Tires must be hot to avoid pickup
® Not used for open-graded mixes or SMA



I@sﬁmatic-Tired Rollers

Dynapac CP 132 Dynapac CP 271
5-13 tons 12-30 tons

O 7 VV1U y VV1U




Pne‘%@atic as Breakdown Roller
.




@npaction Procedure

4
\\‘

To'achieve proper and effective compaction of asphalt layers, the following
points are recommended:

. ® Rolling should start as quickly as possible after asphalt has been laid
e Rolling consists of three consecutive phases:
The initial or breakdown rolling
e Most of the compaction is achieved during breakdown rolling.
The intermediate rolling

e Increases the density of the mix further and minimizes all
surface pores.

The finish rolling

e During finish rolling, all roller traces and other surface
deficiencies are removed.

Between the three phases, there should be no time delay.
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@npaction Procedure

4
\\‘

e .The number of rollers required to be used is determined by the width of
paving lane;

® A typical paving lane width of 3.5 to 3.75 m, usually two or more rollers
are required.

e As for the width of the roller, it is usually chosen to be approximately
equal to one-third of the width of the paving lane.

e Rolling always starts from the lowest point of the mat, in case of
transverse slope.

e The roller moves twice over the same rolling path, by moving forwards
and backwards; then, the roller changes rolling path (lane).

+

e The same applies to all subsequent rolling. —> Lhprrse ‘

e When longitudinaljoint is formed, rolling starts from the joint. ol

® The roller moves over the hot mat with approximately 200 mm of its
drum overlapping the already compacted mat. This is known as hot-side
rolling.
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@npaction Procedure

4
\\‘

e .The length of the first and second rolling pass, and all subsequent passes
is mainly dependent on the thickness of the mat.

® Longer rolling lengths can be used on thick mats (more than 60 mm in
thickness) in comparison to thin mats.

e Usually, an ideal length is between 30 and 40 m for a mat of asphalt
concrete of 100 mm in thickness.

e During rolling, particularly at the start, the surface of cylinder or of the
tires is sprayed with a small quantity of water to avoid mixture adhering
to the surface of the cylinder or the tires.

e Rollers should move at low speeds.
Not higher than 5 km/h for static or vibrating rollers
Not higher than 8 km/h for rubber ones
e The selected speed should be retained constant throughout rolling.
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§ Rolling Pattern

e
I ® Speed & lap pattern for each roller
*" @ No. of passes for each roller < ”%‘%\&?

® Min. temperature by which each roller
must complete pattern

IMPORTANT:

Paver speed must not exceed that of
the compaction operation!!!

Yoradd calu pur S i+ R o



Jordanj@r National Building Council

pecifications for highway and bridge
construction
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Quadity control of production

and §Ce rtance of asphalts mixtures

\\‘

®. . Asphalt production control is necessary in order to ascertain that
the produced asphalt complies with the mix formulation and to
\ verify a good and stable mix plant operation.

e The acceptance of delivered and laid asphalt is usually based on the
results obtained for the determination of:

Binder content
Aggregate gradation
Mixture volumetric properties (voids, VMA or VFA)
Asphalt temperature
Degree of compaction
Compacted layer evenness
Layer thickness
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Quadity control of production

and §Ce rtance of asphalts mixtures

\\‘

o=s) £ A8 253 g590
¢ . The frequency of sampling/testingis always déterfﬁsi‘;led

in contract documents.

\
\

e Sampling/ testing frequencies that are usually used are

given in table below. ‘
%, éﬁ%él L)

Test/property Frequency samplingl/testing
Binder content Every 1000 t
Gradation

Bituminous mixture’s volumetric properties (voids, etc.)

Temperature of the bituminous mixture Each delivery
Compaction achieved Every 250-300 m (positions to be specified)
Layer thickness

Roughness (evenness):
— All measuring devices As specified, usually upon completion of asphalt works
—With a 3 m straightedge When required




Quadity control of production

a &sacce rtance/ Binder Content

\\‘

Binder content is determined using one of the following
methods:

® Binder extraction method (Most common)s4: - ¢ EP

e Ignition method«— =24
® Nuclear method.

In the firstt thods, 1, =1 A —=d —
n the firs wo me O,q\_s%,lmf@&cﬂ::&«‘obd‘lefgm " =
e theremaining/recovered ‘clean’ aggregate is used for

determining aggregate gradation and density;

e in the third method, only binder content determination

can be carried out ) ~ . _



%’ Quality control of production

and acce@me / Aggregate Gradation & Volumetric properties
¢

\\‘
Aggregate gradation

@ . The determination of the aggregate gradation of the asphalt
sampled from the site is carried out by sieving after extracting or
burning the binder from the bituminous mixture.

Y V4

e The aggregate gradation determined should be within the tolerance
limits declared by the supplier or set by the relevant specification.

SEPNll 2900 2 P S AR
Volumetric properties of the asphalt 0]

e The volumetric properties of the agphalt such as air voids, voids in
the mineral aggregate and voids filied with bitumen are calculated
from the compacted asphalt specimens obtained from the site.

® The volumetric properties determined should be within the
tolerance limits declared by the supplier or set by the relevant

specification. AR P PR P



Quality control of production

nd acceptance/ Temperature

\\‘

Asphalt temperature

Y V4

The temperature of the asphalt arriving on site is a
critical parameter for effective paving and compaction

operations. S, ‘-’@’H// A 212

For the acceptance of delivered product, the asphalt ~
temperature.js measured while the material is still in the
arrived lorry.

Infrared thermomet rs are not advised to be used since
readings are very sensitive to wind and moisture
conditions and will certainly give erroneous results

K«\fﬂm 1) e 50 0 R p 2




Quality control of production

0Q&amd acceptance/ Compaction
&N
Compaction achieved

® The compaction achieved (degree of compaction) after completion of
rolling should always be within the pre-determined tolerance range.

e The degree of compaetionis——=~ 5! S\ > Sl 050 229

& Percentage of TMD (ment Rice”): the ratio of bulk density

; )\S‘Q obtained on site over the bulk density obtained in the laboratory for
_ d.\\% the target mix, expressed in percentage.

\
\

Percentage of a laboratory-determined density.: The laboratory
density is usually a density obtained during mix design.

Percentage of a control strip density: A control strip is a short
pavement section that is compacted to the desired value under
close scrutiny then used as the compaction standard for a particular

job. — —
J Jﬂ%ﬂj}s\% RY G, (&90) bulk r"—ﬂ-)
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Quality control of production

ggand acceptance/ Compaction
RS
The degree of compaction achieved by no means should be equal to 100%.

For dense asphalt concrete: The targeted minimum degree of compaction on
site is usually 95% and the maximum is 98% cj/.d-'e?

The bulk density achieved after completion of rolling is usually
determined using: R Ly,

Extracted cores

Nuclear devices Wc’b\w é.ﬁ]

Numerous researchers have stated that compaction is the greatest determining
factor in dense graded pavement performance (Scherocman and Martenson,
1984[2]; Scherocman, 1984[3]; Geller, 1984[4]; Brown, 1984[5]; Bell et. al.,
1984[6]; Hughes, 1984[7]; Hughes, 1989(8]) | /\29
Inadequate compaction results in a pavement with:
decreased stiffness, reduced fatigue life, accelerated

aging/decreased durability, rutting, raveling, and



Qurality control of production
d acceptance/ Layer Thickness

- -
I Layer thickness
a‘@ thL},ne s of th hec compacted layer is

determined from cores, taken at specified
locations, using a metal tape or rule, set of
callipers, measurement jig or other device, capable
of measuring specimen thicknesses.

e The thickness of the asphalt layer may also be
determined by a non-destructive method using
short-pulse radar



Check@%ensity With Nuclear Gauge
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Quality control of production
'\~\o acceptance/ Surface evenness

Surface irregularities and evenness (roughness)

\d, 2
® The irregularities and evenness (or roughness) of
the surface(s) or of the surface course are ;5\, /o

measured for compliance within the spec1f1ed
limits, which is a prime determinant of quality in
new construction of asphalt works.

® Measurements are taken normally after
completion of asphalt works, although dally
measurements are not uncommon S
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Quality control of production

>

&“and acceptance/ Segregation

- -
Segregation

® is alack of homogeneity ¥\% a5\ S S
in the hot mix asphalt
constituents of the in-

\
\

place mat of such a
magnitude that there is a
reasonable expectation
of accelerated pavement
distress(es).”




