3 “ Aggregates for road
constructions Part 1

Aggregate
Definition
U Aggregate” is
» A collective term for the mineral materials such as sand, gravel and crushed stone that are used with a
binding medium (such as water, bitumen, Portland cement, lime, etc.) to form compound materials (such
as asphalt concrete and Portland cement concrete).

O By volume, aggregate generally accounts for

< 92 to 96 percent of HMA

3

% 70 to 80 percent of Portland cement concrete.

»Aggregate is also used for base and subbase courses for both flexible and rigid pavements.




Ageregate

Sources

U Natural
» Sand and Gravel
» Crushed Stone
O Synthetic (artificial)
> Lightweight
» Slag

K3

< Blast Furnace
%  Steel Slag Steel Slag Blast Furnace slag Lightweight

U Recycled

» Reclaimed (or recycled) Asphalt
Pavement (RAP)

Crushed Stone

» Recycled Concrete

Aggregate
RAP
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Aggregate Production

Aggregate Production
Sizing and stockpiling
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Properties of Aggregates

Particle size and gradation.

Hardness or resistance to wear

Durability or resistance to weathering.

Chemical stability

Particle shape and surface texture.

Freedom from deleterious particles or substances.

N o u bk wnN R

Specific gravity & absorption.
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Particle size distribution (gradation)

O Gradation
» Blend of particle sizes in the mix.

» Itis the most important property of an aggregate
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Importance of Aggregate Gradation for
Subgrade Layer

U Soil Stability:

» Proper gradation provides uniform particle distribution, increasing the stability and bearing capacity of the
subgrade.

» Well-graded subgrade improves the overall support to the pavement structure.
U Compaction Efficiency:
» Well-graded aggregates facilitate better compaction, leading to a denser and more uniform subgrade.
» Enhances the foundation's ability to resist traffic loads without excessive deformation.
O Load Distribution:
» A well-graded subgrade ensures even distribution of loads, minimizing stress on underlying soils.

» Prevents rutting and surface deflection, improving the durability of the pavement.
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Importance of Aggregate Gradation for
Base/Subbase Layers

U Structural Stability:

» Well-graded aggregates provide dense packing, leading to higher stability and resistance to
deformation.

» Ensures load distribution, preventing localized stress that can cause rutting.

U Permeability and Drainage:

» Controls void spaces within the aggregate, ensuring proper drainage.
U Compaction and Density:
» Well-graded materials compact , improving load-bearing capacity.

» Minimizes settlement and movement under traffic loads.
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Importance of Aggregate Gradation for
Asphalt Mixture Layer

*  Structural Strength:

* Well-graded aggregates provide a dense particle arrangement, contributing to the strength and durability of the asphalt
layer.

* Ensures high load-bearing capacity and resistance to traffic-induced stresses.
*  Compaction and Density:
*  Proper gradation allows for optimal compaction, leading to higher density and improved performance of the asphalt mixture.
* Reduces air voids, increasing the durability and fatigue resistance of the asphalt pavement.
*  Workability and Mix Stability:
*  Well-graded aggregates improve the workability of the asphalt mix during construction.
* Provides a stable mix that resists segregation.

*  Resistance to Deformation (Rutting):

* Adequate gradation reduces susceptibility to permanent deformation (rutting) under heavy traffic loads.

*  Durability and Resistance to Cracking:

* Proper gradation enhances the asphalt’s ability to resist cracking, particularly thermal and fatigue cracking.
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Sieve Analysis

17

17

Particle size distribution (gradation)

httpsy//civiconcepts.com/blog/sieve-analysis

U Gradation is evaluated by passing the
aggregates through a series of sieves

» Called “Sieve analysis”

O Sieve analysis:

» Determination of particle size distribution of
fine and coarse aggregates by sieving,

> Expressed as %

» Grain size analysis data are plotted on
aggregate gradation chart
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Mechanical Sieve

percent retained or
> percent coarser, by

mass

percent passing
> or percent finer,

4.75 mm

——

by mass
19
Sieve Analysis example
Example -2 . , . ,
Sieve Aggregate | Aggregate | Cumulative | Cumulative | Cumulative
Designation weight percent weight percent percent
retained retained retained retained passing
(9) (%) (9) (%) (%)
12.5 0 0 0 0 100
9.5 480 4.8 480 4.8 95.2
4.75 1540 15.6 2020 20.4 79.6
2.36 2240 22.6 4260 43 57
1.18 1300 13.1 5560 56.1 43.9
0.6 1650 16.7 7210 72.8 27.2
0.3 740 7.5 7950 80.3 19.7
0.15 720 7.3 8670 87.6 12.4
0.075 930 94 9600 97 3
0 300 3 9900 100 0
Total 9600
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Sieve Analysis results
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Figure 1: Job Mix Grading, Specification Envelope, Fuller Curve and the Restricted Zone
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Typical Gradations for asphalt Mixtures

No. 100 No. 30

Agg regate No. 200 No. 50 i No. 16 No. 8 No. 4 3/8-inch 1/2-inch 3/4-inch

/ 100 pa—
Typica / 5/ 7
Gradations i} 4 // /f/

‘,d"/

&
o
4
\
rl

Y
Q

Percent Passing

20 /

/’//
4 4/ //
L )

0.075 mm 0.30 mm 1.18 mm 2.36 mm 4.75 mm 9.5 mm 12.5 mm 19.00 mm

g
~

0.15 mm 0.60 mm
Sieve Size

Dense Gradation Uniform Gradation Open Gradation Gap Gradation
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Gradation Types

O Well-Graded Aggregate:
1.

O Poorly Graded Aggregate (Uniform Graded):
1.

. Benefits: High density, good stability, reduced

. Application: Ideal for base courses, subbase

. Benefits: Good drainage properties but less

. Application: Suitable for filter layers and

Aggregate Particle size distribution (gradation)

100

Contains a wide range of particle sizes,
allowing smaller particles to fill the voids 80

No. 100  No.30

No. 200| No. 50

No. 16

No. 8 No. 4

3/8-inch  1/2-inch

3/4-inch

_

.

between larger ones.

permeability, and better load distribution.

layers, and dense asphalt mixes.

Percent Passing

Consists of particles of similar size, leading to
more voids and lower density.

stability.

drainage applications but not ideal for
structural layers.

Uniform Gradation Open Gradation Gap Gradation

o@‘/

/’//
i
ILgird

0.075 mm| 0.30 mm 1.18 mm

0.15mm 0.60 mm

2.36 mm 4.75 mm

Sieve Size

9.5 mm 12.5 mm

18.00 mm
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Gradation Types

O Gap-Graded Aggregate (Stone Matrix Asphalt
(SMA) :

1.

Missing intermediate particle sizes, with a mix of
large and small particles.

. Benefits: High durability and resistance to cracking,

commonly used in stone mastic asphalt (SMA).

. Application: Used in specialized pavement layers

like surface courses where durability is critical.

U Open-Graded Aggregate:

1.

Contains mostly larger particles with fewer fines,
creating significant void spaces.

. Benefits: High permeability, excellent drainage,

and reduced hydroplaning risks.

. Application: Often used for permeable layers,

porous asphalt, and drainage layers.

Aggregate Particle size distribution (gradation)

No. 100  No. 30
No. 200| No. 50

No. 16 No. 8 No. 4

3/8-inch 1/2-inch

3/d-inch

100

-

/]

L\‘o‘/

Percent Passing

/

4

|1

//
/4%
7
[

P

NER\NAN

Uniform Gradation Open Gradation Gap Gradation

0.075 mn| 0.30 mm

0.15mm 0.60 mm

118mm 236 mm 4.75 mm

Sieve Size

95mm  125mm

18.00 mm

26
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'Dense Graded Asphalt Mix Stone Mastic Asphalt

'Dense Graded Asphalt Mix Stone Mastic Asphalt
27
Gap-graded or Dense-graded
Stone Matrix Asphalt (SMA)
2013 stone_matrs_ssphaltpst 28
28
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Sieve Analysis

Application

29
29
Sieve Analysis
Analysis of grain size distribution of available aggregate Stockpiles
100
920 /
Example 1 - Solution 80
Percent passina each sieve 70
umulative 2 ¥
Amount  Cumulative ~ Percent Retained  Percent @ 60 /!
Retained,  Amount (€) = (b) Passing )
Sieve size g(a) ~ Retained,g(b) X 1007Total  (d) - 100 — (c) g %
4.75 mm (No. 4) 0 0 0 100 €
SammNo 10 300 6w o g 40 ¢
118mm (No.16)  83.1 1732 34 66 2 /
0.60 mm (No. 30) 151.4 3246 64 36 30
0.30 mm (No. 50) 404 365.0 Kl 29
0.15mm (No.100)  72.0 437.0 86 14 20
0075 mm (No.200) 563 4953 9.9 a1 )/

Pan 156 510.9 100 10

Total 5109
0

Egs 5§ g B e
g =] = o <
Sieve size
30

30
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Sieve Analysis

22 o & w© g ] < = 5 e
533 3 3 3} & & 3 % 3 2
. . z i Z = = - - & &
Selection of aggregate Gradation ———
(2) NMAS = 19.0 mm
9 " '/'o/
; W LoV
. E " /
Mix z o >
.? “o /
Performance i —
H § o= i / 3
Requirement Y P e e 4 = = = Masimam Density Cuve
é 1 L = Gradation Range
. § o ;
0.0750.150.30 0.60 1.18 236 475 95 12.5 19.0 25.0 37.5 50
Sieve Size (mm)
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g ™ d ey
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Gradation Chart Parameters
32
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Gradation Chart Pr=~=~+~=~

Design Aggregate Structure

100
Q Aggregate structure
0 Maximum Size » Control Points —— 77
QO NMAS F
. . & Maximum Density Line
O Maximum Density 5 Restricted Zone
Line 3
. Nom Max
O Restricted Zone e
O Control Points i size i
0 L— . ‘ >
075 3 2.36 12.5 19.0
Sieve Size(mm) Raised to 0.45 Power
33
33
Agg regate 7 Design Aggregate Structure
100
Aggregate classifications- b
‘ Control Points I i
U ASTM standard &
» Coarse aggregate: 2 \ : g
= Maximum Density Line
<+ Aggregate retained on Sieve No. 4 E Restricted Zone
(4.75 mm) %
(=W
Nom Max
» Fine aggregate: max size
S1Ze
% Aggregate passing Sieve No. 4 (4.75 L} l
mm) and retained on Sieve No. 200 0 - l 3.
(75 mm) 075 3 2.36 125 19.0
Sieve Size(mm) Raised to 0.45 Power
» Mineral fillers/dust/fines:
< Aggregate passing Sieve No. 200 @@@? Qg}@ percent retained or
(0.075 mm) G. Q O A

0 )
percent passing

0 or percent finer,
by mass

9

34
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25.0mm

0

20

5.0mm

4.0

25 mm

1

0

1

hitps://www.mogroup.com/insights/blog/aggregates/grain-size meaning

36
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Maximum Aggregate Size

O Maximum aggregate size is important property to ensure good
performance
» If the maximum size is too small

< The mix may be unstable (a low stiffness that has a poor resistance to
rutting)

Percent passing

» If the maximum size is too large

RS

< Workability and segregation may be problems

O Two parameters are used to represent the maximum aggregate
size

1. Nominal Maximum Aggregate Size (NMAS)

*,

« is the 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

RS

% The smallest sieve through which 100 percent of the aggregate
sample particles pass ( or retained 0 ) ( according to ASTM
standard)

\ Design Aggregate Structure
100

Maximum Density Line

Nom Max
max size

size l
o= . >
£ % 12:S

19.0

Sieve Size(mm) Raised to 0.45 Power

37

Maximum Density Line (gradation) ..

» Cons

3

< Sufficient air void space is need to permit
enough asphalt cement to be incorporated to
ensure durability and to avoid bleeding and/or
rutting

1\

U Theoretically, the best gradation or HMA mix is ®
the one that gives the densest particle packing g
(or maximum density ) 5
> Pros =
It would provide the increased stability
through increased interparticle contacts and
reduced void in mineral aggregates. 0

Design Aggregate Structure

Sieve Size(mm) Raised to 0.45 Power

39




Asphalt Mixture
The volumetric relationship HMA

Select Volumes for Display

__|Aggregate
__|Voids in the Mineral Aggregate (VMA)

_|Asphalt Binder
_|Air Voids (Va)

HMA Close-Up

MASS

Volume Diagram

40

Image source:https://pavementinteractive.org/reference-desk/design/mix-design/hma-weight-volume-terms-and-relationships/

Asphalt Mixture

The volumetric relationship HMA

Select Volumes for Display

V|Aggregate
_|Voids in the Mineral Aggregate (VMA)

_|Asphalt Binder
_|Air Voids (Va)

HMA Close-Up

Volume Diagram

Image

41

41
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Asphalt Mixture
The volumetric relationship HMA

Select Volumes for Display
V|Aggregate

V] Voids in the Mineral Aggregate (VMA)
_|Asphalt Binder

_|Air Voids (Va)

-

Aggregate

HMA Close-Up

Volume Diagram

42
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Asphalt Mixture
The volumetric relationship HMA

X

Larger aggregate

H \‘-o'i % ;«/

Smaller aggregate

Q

Aggregate packing

43

43
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Ideal agg regate gradation looﬂ Design Aggregate Structure

U A widely used equation to describe a
maximum density gradation for a given
maximum aggregate size.

Maximum Density Line

Percent passing
]
(1]
w
=
H.
a
(1]
u
N
]
8
m./

U Itis developed by Fuller and Thompson in

Nom Max
1907 max size
size
0.45 l
> P, =100 x (% 0 : >
i D 075 3 2.36 12.5 19.0
> Sieve Size(mm) Raised to 0.45 Power
where

% P, : Percent passing a sieve size of d;
% d;=The sieve size

< D= Maximum size of the aggregate
* Nis fitting factor

- Federal Highway Administration recommended
a value of 0.45 for n and introduced the “0.45
power”

44

CO nt rO I p Oi ntS 100 ? Design Aggregate Structure

U Control points in refer to specific
sieve sizes with defined upper and
lower limits on the percentage of

Maximum Density Line

Percent passing
]
(1]
w
=
H.
a
(1]
u
N
(=)
8
m./

. . Nom Max
material passing through those max  size
sieves. e l

g s | R
U These limits help ensure that the 075 3 236 125 190
aggregate blend used in pavement Sieve Size(mm) Raised to 0.45 Power
materials, such as asphalt mixtures
or base layers, is within a specified Sieve Percent Passing
range to optimize performance -
h teristics like stabilit 0.5 mm (3/87) =
c arac. A . y’ 4.75 mm (No. 4) 95—-100
durability, and workability. 2.36 mm (No. 8) 80100

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

-




Sieve opening, in.
- ao n N o @ N
o ) - t"_ w0 ] w o m P 1]
8 88 § 3 83 3 58 28 58 E 4
o Cc__©O O o 6 6 oc S O 0 o o
10C
'f
. we egate more coslly lo produce,is’ J
Gradation il alecs ecmy 1o likeh ' /]
specifications A
(limits) g ' 17 o
. o . i
importance & 60 =TT
o Critical mixlures - bacome -
= 50 unsiable t
3 excess of agphalt or waler | = )
o 40 + = '
o - s Le” _,...--'/ ~%" Harsh me.du'-i heiﬂmli to
- —=> »y——sagregate, no cal
P lo” ,‘__,-—'F' / S L : l
20— e e —
L -~ o ,;-_:.".--""‘ Frous krr:::lwoﬂ:' -I'uul oarl«ﬂ? sirength|
whnan m w bas!
10 ':f‘- results with heavy bitumen
0 [ 1 L.l L I
1w - - - -
200 0080 50 40 30 20 186 o8 4 ¥ % .k .i. 1
Sleve number

46

Tender asphalt mixes (Unstable asphalt mixes)

U Tender asphalt mixes are those that exhibit excessive lateral displacement,
shoving, and/or check cracking while being compacted

Mix instable Mix stiff
(soft) (stiff)

Low stability High stability

tpsy/me1. teBucura 740155 pafver=1623720222784 47
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Table 2. Control point of different NMAS (AASHTO M323).

Gradation specifications (limits)
Control point of different NMAS (AASHTO M323).

Maximum aggregate size- percentage passing of control points, %

37.5mm 25.0 mm 19.0 mm 12.5mm 9.5mm 4.75 mm
Sieves, mm Min. Max. Min. Max. Min. Max. Min. Max Min. Max. Min. Max.
50.0 100 - - - - - - - - - - -
375 90 100 100 - - - - - - - - -
25.0 - 920 90 100 100 - - - - - - -
19.0 - - - 90 90 100 100 - - - - -
125 - - - - - 90 90 100 100 - 100 -
9.5 - - - - - - 90 90 100 95 -
4.75 - - - - - - - - 90 90 100
2.36 5 41 19 45 23 49 28 58 32 67 - -
1.18 - - - - - - - - - - 30 60
0.075 0 6 1 7 2 8 2 10 2 10 6 12

Gradation Specifications

io0

Mo.100  Me.30

No. 200| Mo, 50 No. 15

No. B No. 4

3/8-Inch  1/2-Inch

3/4-inch  1-inch

2ench  2.5-inch

Percent Passing

=

0,075 mm 0.30 mm

0.18 mm  0.60 mm

Subbase Course (A)

LIEmm 2,36 mm

4.75 mm

Base Course (B)

2.5 mm 12.5 mm 19.00 mm  25.00 mm 37.5 mm S0mm B3 mm
Sieve Size
Surface Course (F) ( Clear All ) C Show All )

Image source: hitps:

49
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a

Gradation Specifications

Restricted Zone

The restricted zone is that area on the FHWA’s 0.45
power chart in Superpave specifications through
which aggregate gradations are not allowed to pass
through.

Percent Passing
100

restricted zone

-

max density line_ ®

U Mixtures with gradations through the
restricted zone are hypothesized to be susceptible to
tenderness and rutting.

U In Superpave, it was originally observed that asphalt
mixtures closely following the maximum density line
on the 0.45 power chart in the finer gradation
provided unacceptably low voids in mineral aggregate
(VMA) values due to the excess of natural sand.

» Low VMA values typically lead to insufficient asphalt
coating the individual aggregate particles (less effective
asphalt binder).

- control point nom  max
o max  size
. size

475 95 125 19.0

12.5 mm Superpave Gradation

Sieve Size % Pass. Restricted Zone
mm Control Points Min Max

100
100.0

50
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Sieve Analysis example

Example -1

U A sieve analysis test was performed on a sample of fine aggregate and
produced the following results

Sieve, mm 475 236 2.00 1.18 0.60 0.30 0.15 0.075 pan
Amount retained, g 0 33.2 569 83.1 1514 404 720 583 156

U Calculate the percent passing each sieve
U Draw a 0.45 power gradation chart with the use of a spreadsheet program.
U Determine the gradation chart parameters

52

Example 1 - Solution
Percent passina each sieve

umulative

Amount  Cumulative Percent Retained Percent

Retained, Amount (c) = (b) Passing*
Sieve size g(a) Retained,g(b) X 100/Total  (d) = 100 — (c)
4.75 mm (No. 4) 0 0 0 100
2.36 mm (No. 8) 33.2 33.2 6 94
2.00 mm (No. 10) 56.9 90.1 18 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 71 29
0.15mm (No.100)  72.0 437.0 86 14
0.075 mm (No. 200) 58.3 495.3 96.9 3.1
Pan 15.6 510.9 100
Total 510.9

53
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Example 1 — Solution

Draw a 0.45 power gradation chart

0.45 Power Gradation Chart
1 2 3 100 | —#— Gradation Curve
Sieve to
Sieve Size the 0.45 Percent 801
(mm) Power Passing
§
4.75 2.02 100 2 oof
2.36 1.47 94 8
2 1.37 82 £
1.18 1.08 66 (% 407
0.6 0.79 36
0.3 0.58 29 2ol
0.15 0.43 14
0.075 0.31 3.1
00?25 O.ISO O,I':'S l.lC}O 1.‘25 1.‘50 1.‘75 2.60
Sieve Size (mm)~0.45
54
Sleve AnaIYSIS examplf‘ Gradation Chart with Sieve Names
100} —* Gradation Curve
U Summary of Results:
1. Coarse Aggregate: 0% =
2. Fine Aggregate: 96.9% g
. . . o 60
3. Mineral Fillers/Dust/Fines: &
3.1% §
4. Maximum Aggregate Size: g 40f
4.75 mm =
5. Nominal Maximum 20!}
Aggregate Size: 2.36 mm
0.075 Onks mdn30 mm 0.60 mm 1.18 mm 2.0086 mm 4,75 mm
Sieve Size
55
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Sieve Analysis example

fsieve size (mm) Sleve to the 0.45 Pov Percent Passing MDL Percent Passing

a.75 202 1000 100.0

35 147 940 72.99586797279865

po 137 820 67.756563894541

18 108 6.0 53.43610308105485

he 07 360 39.4144924420346:

ba 058 230 28.8530972993287¢
6

bis 043 140 211217035198373

bors 031 31 15.461991998699
052

Percent Passing (%)

0.45 Power Gradation Chart with Maximum Density Line

100 | —#— Gradation Curve
=== Maximum Density Line -

0.25 0.50 0.75 1.00 125 1.50 175 2.00
Sieve Size (mm)~0.45

56

Sieve Analysis example

fsieve size (mm) Sleve to the 0.45 Pov Percent Passing MDL Percent Passing

.75 202 100.0 100.0

.36 147 94,0 72.99586797279865

.0 137 820 67.756563894541
18 1.08 66.0 53.4361030810548¢

p.6 0.7¢ 36.0 39.4144924429346.

b3 0.58 29.0 28.8530972993287¢

6
p1s 043 140 211217035198373
bo7s 0.31 31 15.461891998699

Percent Passing (%)

0.45 Power Gradation Chart with Maximum Density Line

100 | —#— Gradation Curve

=== Maximum Density Line -
80
60

40

201

0.25 0.50 0.75 1.00 125 1.50 175 2.00
Sieve Size (mm)~0.45

57
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Superpave Gradation Chart with Control Points and Restricted Zone
100 Control Points Range
Restricted Zone
80
2
g 60
2]
73]
n[t_y Sieve Size % Pass. Restricted Zor
= mm Control Points Min Ma
Q
% 401 100
o 100.0
20
D L L 1 L A |
ommmmﬁ mm 4. 75 mm 9.5 mm 12.5 mm 19 mm
Sieve Size (mm)
58
58
Enhanced Gradation Chart with MDL, Control Points, and Restricted Zone
100 —e— Gradation Curve
1 —-=- Maximum Density Line
1 Control Points Range
9 Restricted Zone
9 80}
1
OBy
o
K 2 60f
wn
[0}
©
o
)
@
S 40
[]
o
20¢F
O j
@3“ (4‘ 6\6‘ (06‘
N
RUNNE N fL ™
Sieve Size (mm) 0
59
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Gradation curve interpretation

How to interpret the gradation curve

Example 1

61

61
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. Washed Dirty
N Fines Rock Diist Dt
Sieve Size % e % x
Passing || Passing | Passing | Passing
5/8" (16mm) 100.0 100.0 100.0 100.0
1/2" (12.5mm) 100.0 100.0 100.0 100.0
3/8" (9.5mm) 100.0 63.0 100.0 100.0
#4 (4.75mm) 90.0 2.0 81.0 81.0
#8 (2.36mm) 76.0 1.0 42.0 53.0
#16 (1.18mm) 62.0 1.0 25.0 37.0
#30 (0.6mm) 47.0 1.0 13.0 28.0
#50 (0.3mm) 26.0 1.0 9.0 21.0
#100 (0.15mm) 5.0 1.0 4.0 13.0
#200
(0.075mm) 2.9 1.0 2.2 10.8
Pan 0.0 0.0 0.0 0.0
. Washed Dirty
N Fines Rock Diist Dt
Sieve Size % e % x
Passing | Passing | Passing | Passing
5/8" (16mm) 100.0 100.0 100.0 100.0
1/2" (12.5mm) 100.0 100.0 100.0 100.0
3/8" (9.5mm) 100.0 63.0 100.0 100.0
#4 (4.75mm) 90.0 2.0 81.0 81.0
#8 (2.36mm) 76.0 1.0 42.0 53.0
#16 (1.18mm) 62.0 1.0 25.0 37.0
#30 (0.6mm) 47.0 1.0 13.0 28.0
#50 (0.3mm) 26.0 1.0 9.0 21.0
#100 (0.15mm) 5.0 1.0 4.0 13.0
#200
(0.075mm) 2.9 1.0 2.2 10.8
Pan 0.0 0.0 0.0 0.0
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. Washed Dirty
N Fines Rock Diist Dt
Sieve Size % e % x
Passing || Passing | Passing | Passing
5/8" (16mm) 100.0 100.0 100.0 100.0
1/2" (12.5mm) 100.0 100.0 100.0 100.0
3/8" (9.5mm) 100.0 63.0 100.0 100.0
#4 (4.75mm) 90.0 2.0 81.0 81.0
#8 (2.36mm) 76.0 1.0 42.0 53.0
#16 (1.18mm) 62.0 1.0 25.0 37.0
#30 (0.6mm) 47.0 1.0 13.0 28.0
#50 (0.3mm) 26.0 1.0 9.0 21.0
#100 (0.15mm) 5.0 1.0 4.0 13.0
#200
(0.075mm) 2.9 1.0 2.2 10.8
Pan 0.0 0.0 0.0 0.0
. Washed Dirty
N Fines Rock Diist Dt
Sieve Size % e % x
Passing | Passing || Passing | Passing
5/8" (16mm) 100.0 100.0 100.0 100.0
1/2" (12.5mm) 100.0 100.0 100.0 100.0
3/8" (9.5mm) 100.0 63.0 100.0 100.0
#4 (4.75mm) 90.0 2.0 81.0 81.0
#8 (2.36mm) 76.0 1.0 42.0 53.0
#16 (1.18mm) 62.0 1.0 25.0 37.0
#30 (0.6mm) 47.0 1.0 13.0 28.0
#50 (0.3mm) 26.0 1.0 9.0 21.0
#100 (0.15mm) 5.0 1.0 4.0 13.0
#200
(0.075mm) 2.9 1.0 2.2 10.8
Pan 0.0 0.0 0.0 0.0
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. Washed Dirty
N Fines Rock Diist Dt
Sieve Size % i % *
Passing | Passing | Passing || Passing
5/8" (16mm) 100.0 100.0 100.0 100.0
1/2" (12.5mm) 100.0 100.0 100.0 100.0
- 3/8" (9.5mm) 100.0 63.0 100.0 100.0
n '\ﬂ 3 #4 (4.75mm) 90.0 2.0 81.0 81.0
#8 (2.36mm) 76.0 1.0 42.0 53.0
#16 (1.18mm) 62.0 1.0 25.0 37.0
“ m #30 (0.6mm) 47.0 1.0 13.0 28.0
#50 (0.3mm) 26.0 1.0 9.0 21.0
#100 (0.15mm) 5.0 1.0 4.0 13.0
M e — #200
(0.075mm) 2.9 1.0 2.2 10.8
Pan 0.0 0.0 0.0 0.0

Pavement Materials & Design
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Aggregate classifications by size
Local classification

68

Aggregate . © O ® /ALMogaueie
classifications by size '

69
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Aggregate '
cIassifications

https://www.aggbusiness.co
m/ab3/feature/new-

crushing-and-screening-

equipment
70

Aggregate clas¢
Local
classification
Test Name Test Result
- Sieve Analysis: - % Passing by Weight
1" (25.4) 100 100 100 100
3/4" (19.0) 100 100 100 100
1/2" (12.7) 39 98 100 100
3/8" (9.50) 3 32 100 100
Sheve No. 4 (4.75) 1 4 18 100
Number
(S i No. 8 (2.36) 1 3 4 66
No. 20 (0.85) 1 3 4 38
No. 50 (0.30) 1 3 4 24
No. 80 (0.18) 1 3 3 20
No. 200 (0.075) 0.6 2.6 3.2 16

71
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Aggregate classifications by size

Local classification

100 % ~ Test Name
-l _' - Sieve Analysis: -
%0 | / 1" (25.4) 100
g 701 , 3/4" (19.0) 100
g 60 ! 1/2" (12.7) 39
; 50 ! 3/8" (9.50) 3
S 40 I Sieve
a . No. 4 (4.75) 1
a5 ! Number
3 : N ! No. 8 (2.36) 1
50 | ! (Size, mm):
; No. 20 (0.85) 1
1 i No. 50 (0.30) 1
0 T s P I AL
0.01 0.1 1 10 100 No. 80 (0.18) 1
Sieve Opening (mm) No. 200 {G. 075 } 0.6

72

Aggregate classifications by size

Local classification
U ETL S - i - 1
100 = Test Name Test R
—
90 | - Sieve Analysis: - % Passing
o6 | 1" (25.4) 100
o 709 3/4" (19.0) 100
g o 1/2" (12.7) 98
= 3/8" (9.50) 32
g 401 ; Seve No. 4 (4.75) 4
T 30 * Number ——
s | (Size, mm): | No- 8(2.36) 3
6 4 No. 20 (0.85) 3
o _ e i idiaddasa Wi e I.-: | _ No. 50 {0.30‘.' 3
0.01 0.1 1 10 100
Sieve Opening (mm) No. 80 (0.18) 3
No. 200 (0.075) 2.6
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Aggregate classifications by s
Local classification

;l
()

100
90
80 A
70 A
60

50

PERCENT PASSING

- ——a— k= = —A— - =
T T

0.1

1
Sieve Opening (mm)

Test Name Result
- Sieve Analysis: - by Weight
1" (25.4) 100
3/4" (19.0) 100
1/2" (12.7) 100
3/8" (9.50) 100
i No. 4 (4.75) 18
Number
(Size, mm): No. 8 (2.36) 4
No. 20 (0.85) 4
No. 50 (0.30) 4
No. 80 (0.18) 3
No. 200 (0.075) 3.2
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Aggregate classifications by size
Local classification

100
90 1
80 1
70 A
60 -
50 A
40

PERCENT PASSING

30 4
20 A

0.01

Sieve Opening (mm)

100

- Sieve Analysis: -

Sieve
Number
(Size, mm):

1" (25.4) 100
3/4" (19.0) 100
1/2" (12.7) 100
3/8" (9.50) 100
No. 4 (4.75) 100
No. 8 (2.36) 66

No. 20 (0.85) 38
No. 50 (0.30) 24
No. 80 (0.18) 20
No. 200 (0.075) 16
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Aggregate classifications by size
Local classification

| —o— Aatli — = Apmen e Al —ge Adue

100 ap
9 {E:
N fld

80 1 N

70‘ ,"f
60 - - L

50 A I

PERCENT PASSING

40 A r id
I

) i
"l
20 - / A7 1

e lea rut v i s B |
0.01 0.1 1 10 100
Sieve Opening (mm)
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L3 I [ d
Sieve Analysis S£.. 2 . . 131 15 § =
: : ceg g £ £ 2 & & % 2 8 I
Selection of aggregate Gradation 0O —rr——
(2) NMAS = 19.0 mm / /
s o2
&80 1 -
ﬁ /—’/"/
. = .2
Mix z o >
= L4
< P /
Performance w0 // -
= [
H g Pid / i
= L L] Control Point
Requirement ) P e i = = = Mimum Densty Curve
o les ‘/// = Cra(.iationlhmgf
0.0750.150.30 0.60 1.18 236 4.75 9.5 125 19.0 250 373 50
Sieve Size (mm)
—a— el —g - Apaus B AWC —ge Afan
100 ; !"‘
920 —
80
g 70
2 60
E 50
5
2 410
&
30
20
10
o | i e i b A
0.0 01 1 10 100
Sieve Opening (mm)

78

Sieve Analysis

Analysis of grain size distribution of available aggregate Stockpiles

100
90 A
Example 1-Solution 80
Percent passina each sieve 70
=
umulative g ¥
Amount  Cumulative Percent Retained  Percent @ &0 /
Retained, \mount (€) = (b) Passing* @
Sieve size g(a) Retained,g(b) X 100/Total  (d) = 100 — (c) g 5
4.75 mm (No. 4) 0 0 0 100 €
236 mm (No. 8) 332 332 6 9 3 a2
2.00 mm (No. 10) 56.9 90.1 18 82 5 y
1.18 mm (No. 16) 83.1 1732 34 66 o /
060 mm (No.30) 1514 3246 64 36 30
030 mm (No.50) 404 365.0 7 29
0.15mm (No.100)  72.0 437.0 86 14 20
0075mm (No.200) 583 495.3 9.9 31 )/
Pan 156 5109 100 10
Total 5109
0
w v o © © © w0
5 =5 o (<] T @ G
= -~ o ~
=]
Sieve size

79
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Aggregate
Aggregate blending

O Asingle 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.

No. 200| No.S0 Mo, 16 No. 8 Me. 4 3/8-Inch 1/2-Inch 3/4vinch  1-ineh

100

100

80
vy o

60 -

50
10 -

Percent Passing
PERCENT PASSING

20 A

= 10 4
[// 0

pi—g:
oy Do et el i o GRS

e et | tasmm 256 pEpy osmm iz5mm .00 mm 250 - 0.01 0.1 1 10

015 mm 060 mm Sieve Opening (mimn)
Siaus Si

80

Key Principles of Aggregate Blending

* Blending Objective:

* Achieve target gradation by combining materials from different stockpiles.
* Key Considerations:

* Stockpile Properties: Individual gradations of each aggregate.

* Blend Proportions: Percentage of each aggregate in the blend.

* Specification Limits: Target gradation range for the final mix.

82

82
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Nat w Dicty

2 28 Aggregate Gradation
Rock Fings Mgk A e
. Washed Dirty RAP Blend fower Hipar
N Fines Rock Recycled ) Control | Control
Dust Dust Gradation
Pavement Pt Pt
. " % % % % . . % %
Sieve Size Passing | Passing | Passing | Passing % Passing | % Passing Passing Passing
5/8" (16mm) 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
1/2" (12.5mm) 100.0 100.0 100.0 100.0 98.0 99.6 90.0 100.0
3/8" (9.5mm) 100.0 63.0 100.0 100.0 91.0 91.5
#4 (4.75mm) 90.0 2.0 81.0 81.0 74.0 66.2
#8 (2.36mm) 76.0 1.0 42.0 53.0 55.0 41.3 28.0 58.0
#16 (1.18mm) 62.0 1.0 25.0 37.0 40.0 28.1
#30 (0.6mm) 47.0 1.0 13.0 28.0 29.0 18.5
#50 (0.3mm) 26.0 1.0 9.0 21.0 18.0 12.0
#100 (0.15mm) 5.0 1.0 4.0 13.0 12.0 6.0
#200
(0.075mm) 2.9 1.0 2.2 10.8 8.6 4.1 2.8 7.0
Pan 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Aggregate Blending
2. Mathematical (Algebraic) Method

* Overview:

* A mathematical approach using algebraic formulas to compute the combined gradation
of different stockpiles.

* Uses the weighted average of the percent passing values of each stockpile to calculate
the final blend.

* Formula: ; _ . .
p =f,p +hp +fp +...

blend

p', = percent of material X passing sieve i

f, = fraction of blend contributed by stockpile x
2f=1

85
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Aggregate Blending

2. Mathematical (Algebraic) Method
* Steps:
* Obtain sieve analysis results for each stockpile.
* Choose blending ratios for each stockpile (e.g., 50% A, 30% B, 20% C).
* Apply the formula for each sieve size to compute the blended gradation.

* Plot the blended gradation and compare with specification limits.

86

86
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Example 1

U Blue lines present the
Gradation of two

Aggregate Blending

R Gradation Analysis Chart
StOCkaIeS ( aggregates A 1-1/2" 34" 38" Ll 8 16 30 50 100 200
and B) 1 "
U Determine a blend of 0 \\ = —
that have & \\ |
Q f, =06 ™ — K N S
Q f, =04 | S \ \
§ 5 | B 5
£ | N [~ R
g i HAN
| NI N k|
| |
» "IN ! R
}!\ | \\\ | \' B
10 <4 |
8 "ii?b-x_\ 5 \
%0 10 1 01 00
Sieve Opening (mm)
88
Gradation Analysis Chart
1-1/2 34" 38 4 8 16 30 50 100 200
100
ﬁ Sieve
BT = Number A B
© \\ \ 3/4in 100 100
\ 1/2in 72 | 100
72 3
o 70 3/8in 54 100
g \ No. 4 26 96
o 60
£ \ B\ No. 8 14 87
5 al\ N
4 50 No. 16 8 72
\A \ No. 30 5 54
© \ N N Y No. 50 2 36
5 \ \ No. 100 0 24
» \'\ ™ \ \.< No. 200 0 16
20
h\ \ \\m 16
b ~ =iy
8 \
3 5 \»2 ™
100 10 1 01 0.01

Sieve Opening (mm)

43



Solution
How to apply the equation

blend

p. =fp +fp!

Q f, =0.6 Sieve Percent Passing
| f, =0.4 Number A Blend B
3/4in 100 100
1/2in 72 100
3/8in 54 100
No. 4 26 96
No. 8 14 87
No. 16 8 72
No. 30 5 54
No. 50 2 36
No. 100 0 24
No. 200 0 16
90
Solution
_ i i i
How to apply the equation phlend =1, P, +f P,
U fA =0.6 Sieve Percent Passing
d fB =0.4 Number A Blend B
3/4in 100 0.6 (100) + 0.4 (100) = 100.0 100
1/2in 72 0.6( 72)+0.4(100)= 832 100
3/8in 54 0.6( 54)+0.4(100) =  72.4 100
No. 4 26 0.6(26)+0.4(9)= 540 9%
No. 8 14 0.6( 14)+0.4( 87)= 432 87
No. 16 8 06(8)+04(72)= 340 72
No. 30 5 06( 5)+0.4(54)= 246 54
No. 50 2 06(2)+04(36)= 156 36
No. 100 0 06(0)+04(24= 96 24
No. 200 0 0.6( 0)+0.4( 16) =6.4 16

91
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Solution
Check the limits
Gradation Analysis Chart
1-1/2" 34" 38" 4 8 16 30 50 100 200
Sieve 100 \

Number 90 '\\‘ .
3/4in [100.0 % \\< \ 60:40 Blend
1/2in 832 \ \
3/8in 72.4 2 70 & N
No. 4 54.0 g 60 \ B
No.8 432 = 3 N \\

& 50
No. 16 34.0 2
No. 30 246 & 4 \ \' \
\ NN N
No. 50 15.6 %0 \ \ . \
:: :zg 649‘6 20 \\ : \‘§1 \\\
i X »
10 - e s }
\4,\4 —— )
0100 10 1 0.1 0.01
Sieve Opening (mm)
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Aggregate Blending
Example 1

U Blue lines present the
Gradation of two

stockpiles ( aggregates A Gradation Analysis Chart
and B) 00 -2 34T e 4 8 16 30 50 100 200
U Specifications are 00 \\'
represented in red lines o \\
U The selected designed 0 \ \\
combined aggregate £ \ B
structure are in purple g 80 [ N \\
O Determine the g \ o] \
percentage from each o <N N
stockpile to prepare the % \ \'\ N N\
selected structure " N N s' E.\\
10 A \\\m \\ :\4:
0 \\0 ™
100 10 1 0.1 0.01
Sieve Opening (mm)
94
Aggregate Blending
Solution
D PICk a pOint in the Gradation Analysis Chart
middle of the gradation o s
1-1/2" 314 3/8° 4 8 16 30 50 100 200
band 100 - T ‘ ‘
U E.g. 43% passing No. 8 % < Pick a point in the middle of _|
sieve) i the gradation band (e.g. 43%
® ' passing No. 8 sieve)
pE'.Z‘fd =fA p:w +fB p:w =450 2 = : |
]
f+6, =1 ;e \
A Tlp £ A \50 By s
A
e Y (1 —fA)ch"B =43% 40 I \\
38
} | 35\ \
43=f,\14+(1—f,\)87 | 26 N \ '{
20
43=f,14+87f,87 }l\ P BN
10
_ =
—44=—73f, 0 . T, e
f.\ =0.6 100 10 1 0.1 0.01

Sieve Opening (mm)
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Solution
. . 1 — i i
Determine the fractions of the Blend | P, , =IAP, +f; P,
U fA =0.6 Sieve Percent Passing
d fB =0.4 Number A Blend B
3/4in 100 100
1/2in 72 100
3/8in 54 100
No. 4 26 96
No. 8 14 87
No. 16 8 72
No. 30 5 54
No. 50 2 36
No. 100 0 24
No. 200 0 16
97
Solution _
How to apply the equation p:kmd =f,p, tf;p
U fA =0.6 Sieve Percent Passing
d fB =0.4 Number A Blend B
3/4in 100 0.6 (100) + 0.4 (100) = 100.0 100
1/2in 72 0.6( 72)+0.4(100) = 8322 100
3/8in 54 0.6( 54)+0.4(100) = 724 100
No. 4 26 0.6(26)+04(9)= 540 9%
No. 8 14 0.6(14)+0.4( 87)= 432 87
No. 16 8 06(8)+04(72)= 340 72
No. 30 5 06(5)+04(54= 246 54
No. 50 2 06(2)+04(36)= 156 36
No. 100 0 06(0)+04(24)= 96 24
No. 200 0 0.6( 0)+0.4( 16)=6.4 16
98
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Solution
Check the limits
Gradation Analysis Chart
1-1/2" 34" 38" 4 8 16 30 50 100 200
Sieve 100 \

Number 90 '\\‘ .
3/4in [100.0 % \\< \ 60:40 Blend
1/2in 832 \ \
3/8in 72.4 2 70 & N
No. 4 54.0 g 60 \ B
No.8 432 = 3 N \\

& 50
No. 16 34.0 2
No. 30 246 & 4 \ \' \
\ NN N
No. 50 15.6 %0 \ \ . \
:: :zg 649‘6 20 \\ : \‘§1 \\\
i X »
10 - e s }
\4,\4 —— )
0100 10 1 0.1 0.01
Sieve Opening (mm)
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Trial-and-Error Solution

O An asphalt plant in Middle
Tennessee had stockpiles of

1. No. 78 stone

2. natural sand

14" %" g 4 8 16 30 50 100 200
3. screenings. 100 T
» What proportions of these three o 80 s \ b
materials are needed to meet the g P U
Jordanian specification? o o]
g A0 NN
E 20 oo B \\ ........ el e RS
,,,,,,,,,,,,,,,, foonilinlino o [ L s
0 T L ELE O UL T Q'h-ﬁ'
100 10 1 0.1 0.01
Opening Size (mm)
101
Trial-and-Error Solution
16 30 50 100 200

100 ;
o 80 i
£ f
2 60 ?
a f
E 40 [t
O b Z
& 20 [ i

ot .
100 10 1 0.1 0.01
Opening Size (mm)
10‘2
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Aggregate Blending

O The specification requires

approximately 13% be retained on

the 3/8" sieve P 8 16 30 50 100 200
O so all but the screenings and sand
have nothing retained on that sieve, o 80
O of the coarse sizes will have to g
come from the crushed stone. by 60
-t
U The crushed stone has 38% g 40 e
retained on the 3/8" sieve, g WU
Q so, the crushed stone should be & SRS RSSO IO S !
roughly 13/38 = 1/3 of the blend. 0 - L : 1
100 10 1 0.1 0.01
Opening Size (mm)
103
Aggregate Blending
U The specification requires
approximately 6% pass the No. 100 g s S & W 15 80 50 300 200
sieve 100 W U
Q but the sand and stone have
nothing passing the No. 100 sieve o 80
=
Q so all of the fine sizes will have to @ 60
come from the screenings. &~
-t
O The screenings have 9% passing the § 40 o T N
No. 100 sieve, b 20 b nojze N[ ] SN
2 RSVRSU| — . ; Ba |l NV ot st
O sotheywill haveto be 6/9=2/30f |l N T Lt e “\-:( P
the blend. 0 b e ——t— ‘ o
O This suggests that a blend of 1/3 100 10 ) 1_ 0.1 0.01
crushed stone and 2/3 screenings Obening Size (mm)
will get us in the ballpark.
CIVL 3137
104
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Aggregate Blending

O We fit the specifications at
the two ends,

O but we don’t have enough

A blend of 1/3 crushed stone and 2/3
screenings will get us in the ballpark.

16 30 50 100 2

00

material between the No. 8 100
and No. 50 sieves. LN T T
U That’s where the sand comes P:“ 80 et oA e
in. g7 Sand
7] s PR PPN MRS, o) FIAPROTR e, Y Ren el Ao R BN RipE e e
% Most of its particles are in that E 60 ; | H
cize range, . b G
S 40 RSN AR - | 22 lrmmmains e s e A A SR SR RSN PARAS
E atain i W Y KR! I ST e CR LY
@ 20| e b I o WS T 0 SRS
....... . e e %iﬁ‘?.'ﬁ‘:’ﬂ'”gﬁ_._.._
0 R e N R e
100 10 1 0.1 0.01
Opening Size (mm)
OAggrege e 105
105
Aggregate Blending
A blend of 1/3 crushed stone
U We now need to start and 2/3 screenings will get
adding sand into the blend us in the ballpark.
until we g’eta gradat|.on § 16 3 % 700 506
curve we're happy with. 100
U Asthe amount of sand goes c 80 Lo NSNS
up, g
U the amount of screenings and ﬁ Y0 Qi SRR e B B, R . i R S
stone will have to go down to o :
make room. ;NPT SRR [ O . S I ——
g T
E 20 | :
......... ;| Screenings
0
100 0.01
Opening Size (mm)
106

106
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Aggregate Blending

100

8 16 3

0 50

100 200

o0
o

o
o
T

iy
o

Percent Passing .

()
o

eeeeeenns|.. 22.5% No. 78
|_ B0.0% Screenings
et 47.5% Sand

o I

10

Opening Size (mm)

107

107
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