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Workshop on SHRP technology for the design of
asphalt concrete hot mixes (Superpave ™)
Superior Performing Asphalt Pavements
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The Advanced Engineering Center (AdEC) is specialized in
the SUPERPAVE Technology, for more information visit our

website at:

v
*@, PO Box 8658 9_\
o "
‘ Riyadh 11492, Saudi Arabia R

Tel: 4748260/5 , Fax: 4748266
Mobile: 0505814198

%) Email: dribrahim@adeceng.com
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Milestones ... USA

First trial | SHRP Completed
pavement using with 130 products

Superpave
(July 8, 1992) O 1993
- 1992
SHRP Funded with $ ¢
150,000,000 AASHTO Task

1987 force Formed
(PP/PM/PT)

"1984 TRB 202: Americas
Highways: Accelerating
the Search for Innovation
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Milestones ... USA

Binder Spec’s

Al SP-1 & Adopted by 52 states
SP-2 & AASHTO & mix design by 36.
M's &T's

Centers 2001
Established
71995

“1994 First Conference
about Superpave
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Why Superpave?

D Internationall}*
» SHRP (1987 to 1993)

» US, Canada, Saudi, Europe, Australia, Jordan, Iran, Pakistan,

Japan ...
X Locally
» MOT first “Circular No. 2253”
» MOT second “ Circular No. 30789”

» MOT third“ Circular No. 33335 dated 1-8-1426"
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Why Superpave?

Pre Superpave Short(‘omings:

* Viscosity Grading: Viscous effects only

® Penetration Grading: Empirical measure of viscous & elastic effects
®* No low—temperature l)l'ol)erties measured

® No consideration of long term aging

® Problems with modified a sphalt characterization

vacuum 0 sec
PN 5 sec
1 penetration
] S 100 g
I - | 100g
|2
I | % f
®
1 =
[
1 O
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Why Superpave?

“* Drawbacks of pre-superpave design practices:

» Pre-Superpve procedures do not take Traffic or
environmental conditions into considerations

» Marshall
* Impact compaction.
* Shear strength of HMA is not adequately estimated.
» Hveem
* Important volumetric properties are not determined.
* Expensive and not portable.

. < pavements Unsatisfactory performance
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Asphalt Pavement Performance
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Superpave™ 1s one of SHRP products , it 1s a mix design
system for new construction and overlays. This system employs
a series of new performance based specifications. fest methods
and practices for material selection. accelerated performance
testing, and mix design (1994).
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Differentiating Aspects of Superpave

® Performance based.

® It is an Integrated approach that includes specifications and mix

design method

® The use of formal aggregate evaluation procedures (consensus
requirements).

® The use of the PG asphalt binder grading system and its
associated asphalt binder selection system.

® The use of the gyratory compactor to simulate field compaction.

® Traffic loading and environmental considerations.

® Its volumetric approach to mix design
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9 \ Step 1: Selection of Materials

Selection of
Materials

Asphalt Binder
(PG)

| Aggregate ‘

Polymer
Neat Binder Modified Binder
(PMB)
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@ Step 2: Selection of DAS

* Develop
Trial
Blends

* Select
Confirming

« Compact
Blends
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Step 3: Selection of DAC
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Step 4: Moisture Sensitivity
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Design Parameters

The Nominal Maximum Size
(NMS) is defined as One sieve size
larger than the first sieve to retain

more than 10%.
Six Mixture Gradation

MS NMS
50.0 mm 37.5mm
37.5mm 25.0 mm
25.0 mm 19.0 mm
19.0 mm 12.5mm
12.5mm 9.5 mm
9.5 mm 4.75 mm
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NMS Example ...... J&s

Sieve Size, mm | Sieve Size, in

% Passing

9.5 3/8 75
4.75 No 4 61
2.36 No 8 35
1.18 No 16 20.9

0.6 No 30 14.2

0.3 No 50 7.8
0.15 No 100 4.0
0.075 No 200 3.1
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Standard Axle ...

8.2 ton (18,000 Ib)

Tif‘e Pressure =75 psi

Load Equivalency can be computed from the
Generalized fourth power approximation

4
[ﬂ] = relative damage factor

’3 8200 kg
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ESALs per Vehicle

(Sl iltl) ) gaall
Equivalent Standard Axle ...
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Car Delivery Truck  Loaded 18-Wheeler Loaded 40" Bus Loaded 60’
Articulated Bus

Notice that cars are insignificant and thus usually ignored in
pavement design.

24
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Design Parameters

Traffic is the
anticipated project
traffic level in terms of
ESALs expected on the
design lane over a 20-
year period.
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MOT has identified the following ESAL classes

Class ESAL Traffic Typical
Designation Range Description Applications
VL Less than 300,000 Very Light Agricul. roads & local streets
L 300,000 to 3 million Light Feeders, collectors
M 3 millionto 10 million  Medium Main Roads, city streets
H 10 millionto 30 million Heavy Highways & Expressway
VH More than 30 million Very Heavy Heavily trafficked highways

26
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Design Parameters

1. The geographical location of
the project where the Hot Mix
Asphalt (HMA) will be used.

2. The position of the layer
within the pavement

27
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Position Rule

Pavement Surface

Top 100 mm

Bottom 100 mm

Note: if less than 25% of the layer is within the surface then consider in the bottom.

28
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Position Rule

Example:
Surface Course =50 mm
Base Course =80 mm

1. Surface course is 0 mm from the surface, then on the top.
2. % Base Course in the top is 50/80 x 100 = 62.5 > 25%,
then on the top.

29
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Position Rule

Example:

B Surface Course = 40 mm
B Binder Course =50 mm
B Base Course =80 mm

Surface course is 0 mm from the surface, then in the top.

Binder course is 40 mm from the surface, then in the top

% Base Course in the top is [(100-(40+50)/80] x 100 = [10/80] * 100
= 12.5% less than 25%, then in the Bottom.

30
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Mixture Requirements
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1. Superpave Gyratory
Compactive Effort (SGCE)
SGCE
Class (million) gl dxe | @l g e |l gal) aae
4l ¥ Lazaaill | (5 salll
I\|ini Ndes Nmax
VL (<0.3) 6 50 75
L (0.3 to <3) 7 75 | 115
M and H (3 to <30) 8 100 160
VH (> 30) 9 125 205

32
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N, .., The number of gyrations used as a measure of
mixture compactability during construction. Mixes
that compact too quickly (air voids at N, are too
low) may be tender during construction and unstable
when subjected to traffic.
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Gyration Numbers <!yl 2
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Ngesign ~ This Is the design number of gyrations
required to produce a sample with the same density
(% Compaction) as that expected in the field after the
Indicated amount of traffic. Superpave requires 96%
compaction (i.e. a mix with 4 percent air voids at
Ngesign IS desired In mix design).
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* Npaimuem The number of gyrations required to produce a

laboratory density that should never be exceeded in the

field. If the air voids at N,,, are too low, then the field

mixture may compact too much under traffic resulting in

excessively low air voids and potential rutting. The air void
content at N,,,, should never be below 2 percent air voids.
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ESAL % Gpm @
Class (million) Nini Nges N ax
VL (<0.3) <91.5
L(0.3to<3) | <90.5
= 96.0 <98.0
M (3 to <10) —
H (10 to<30) | <89.0
VH (> 30
36
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Gyratory Compaction

0 Axial and shearing action (RPM = 30 &
0 150 mm diameter molds
Aggregate size up to 37.5 mm
Height measurement during compaction, allows densification
during compaction to be evaluated
At end of compaction (Ny,) height must be 115 £ 5 mm

Ram pressure
600 kPa

Int. 1.16°0or Ex. 1.25°
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3) % VMA
REQUIRED VMA %
NMS, mm Min Max
(less reject) | (Recommended)
37.5 11.0 13.0
25.0 12.0 14.0
19.0 13.0 15.0
12.5 14.0 16.0
9.50 15.0 17.0
4.75 16.0 18.0
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@ 4) % VFA
ESAL VFA %
Class (million) | yus=-=100 | nus=05 | nms=250 | nms=375
and125mm [  mm mm mm
VL (<0.3) 70-80 | 70-80 | 67-80
L(0.3to<3) |65-78 65-78 | 64-80
M (3 to <10) 73 -76
H (10 to<30) | 65-75 65 -75
VH (> 30
39
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5) DP (Dust to Binder Ratio)
Gradation Type DP Ratio
Fine, line is above PCS 0.6-1.2
Coarse, line is below PCS 09-1.6

40
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6) Moisture Sensitivity
Property Requirement
Retained Indirect ]
80 % min.
Tensile Strength
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Step 1.a: Selection of
Materials - Binder
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Asphalt Binder .y Lyl

psiy oAl Lguie s Adlia) Dl Al ol Sl e ey
sal 23 Gl ek ¢l dlme ¢ deasll Y e liwyl
il 4d y ASTM-DS J) 081 claudU 58y (g jad eldac | o 3L Ay

Sladill g S ez Adey gl dagpdall 3 Ll aad g ¢ e

Asphalt is a principal constituents of HMA. Asphalt fimctions as an inexpensive |
waterproof, thermoplastic, viscoelastic adhesive. For engineering purposes, the
definition needs to be more wnequivocal. ASTM D § provides the following
definitions: A dark brown to black cementitious material in which the
l)l'edcnninating constituents are bitumen, which occur in nature or are obtained in

P etr Dlelllll l) rocessii lg.
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Asphalt Binder Grade Selection

Generally one needs to:

1. Determine project weather data for 30 years in the past.

I

Select reliability

3. Determine desigu temperatures
+. Drive the performance grade
In the Kingdom:

1. Selection ofAsplmlt Binder Grade is Based on the Kingdmn

Temperature Zoning Map.

I

Verify asphalt PG (grade bumping)

3. Determine temperature—\‘isc*osit\_' 1'elati011::<11i1)
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M320 Binder Specification

The grading system is based on Climate .. Example

/PG 64-10\

Performance / Minimum
Grade Average 7-day pavement design
maximum pavement  temperature, °C
design temperature ,°C

Note: Property is constant but temperature varies
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Asphalt Binder ... Basics
® Performance based binder specifications
< AASHTO M320 (Standard Specifications for
Pc{ﬁum ance—Graded Asphalt Binder)
“ For details see Asphalt Institute SP-1
“* Intended for Modified and unmodified asphalt
* Example PG 64-22

* Every Grade differs by 6 degrees
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_Grade Selection: (1) Fromthe Map
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Selectio‘:_ﬁ of Asphalt Binder Gréde Is Based on

47

Remarks and Questions iliul 5 cillaad

2 1436 Js¥) an) — Al dadal
Eighth Edition — January 2015



Superpave Workshop Handout — 2015 - 1436 ey sl 550 &) )S3a
Prepared and Developed by: Advanced Engineering Center (AdEC)

Grade anping for s.al)eed and loading of traffic; Increase the selected PG based on

48

7 ATGELC

Jdsaadl (e (2) 1618Y) dia il o, 2280 5
Grade Selection: (2) Bumping

the map by the grade equivalents as shown below:

234
dc ) Traffic Class Designation (or ESAL, nullion)
Speed
VL(<0.3) | L(0.3t03) | M(3t0<10) | H(10t0<30) VH(>30)
O S e = Bl
. . AL e ] 2 2 2 2
Standing (average speed < 20 km/h) saal,
Yo 37+ cpic ad s ide Ly
AV v el X 1 1 1 1
Slow (average speed 20 to 70 km/h)
WSV sadetde sl o 50) SoTA

) (AS Ve Gadehie sud Jass a) o s X X X 3650 il y
Standard (average speed = 70 km/h) saal

__‘_p"-‘.'.l"I aall Jians 0 (A5t Sl pd VPsaady 440 pa il il G spaand o5 o3l iy Caial __J::il 2l )l (Y alhadia

e e o el b gdgad it all i g5y Ja A0 W1 AY g Joi i) canay dpa Sl 856 oo adla Aglaall o il G (¥
T'—“K_:’:)A‘_)n\,;l]'.:-t_"-“ o, dgl saal y A0 pa )))gjlauc_lj, AN -._l'_‘jl\__'.'J..—l.a.:.;"lc)".i_;t.{.l AY G et gall ana

(e gstla Vo o T AT 0 ) 0sla
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Asphalt Binder ... Mixing & Compaction

Determine laboratory mixing & —

compaction temperatures using Rotational
. . S Viscometer
Rotational Viscometer ASTM

D 4402 and AASHTOT 316.

® Mixing Temp (@ 0.17 Pa.s (%)
* Compaction Temp @ 0.28 Pa.s ()

Temperature

Controller N Environmental

e Chamber

Gripping
Pliers

Sample Splndles
Chambers in Pouring Rack

Sample Chamber
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Asphalt Binder Mixing & Compaction Temp.

Temperature Viscosity Relations hip

-
(e

Compaction Range (0.28 Pa.sf|
: ]

| | | |
B8 i\ing Range (0.17 Pas) %
il —— |

S Y O O

100 110 120 130 140 150 160 170 180 190 200

Viscosity, Pa.s

Temperature, C

50

Remarks and Questions iliul 5 cillaad

2 1436 Js¥) an) — Al dadal
Eighth Edition — January 2015



Superpave Workshop Handout — 2015 - 1436 ey sl 550 &) )S3a
Prepared and Developed by: Advanced Engineering Center (AdEC)

\ -l -
| AGECT
Qaal Qe Ol johaist |yt
Amn wwwww Ingrwerrg Consatart

daant! Gy gl cilullatia
Superpave Aggregate Requlrements

* Consensus Requirementsg ! jaillas,

e Gradation

® Coarse agg. Angularity, (CAA) AASHTOT 335
® Fine agg. Angularity, (FAA) AASHTO T304
* Flat and elongated particles (F&E) ASTM D4791

* Clay content, (SE) AASHTOT176

* Source Requirements Ddaall pailas.

* Toughness AASHTOTO96
¢ Soundness AASHTOT104
¢ Clay lumps & friable particles AASHTOTI112

51
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Traffic Class Designation (or ESAL. million) e Property
Layer Depth.
VH(>30) | H(10t0<30) | M(310<10) | L(03t03) | VL(<0.3) s
100/100 | 95/90 85/80 75/- 55/- <100mm |l iy
“ . .‘. rl
CAA. %
100/100 | 8075 60/- 50/- -/ > 100 mm min.
45 45 45 40 - <100mm |*easl A5
4l
FAA. %
45 40 40 40 - > 100 mum min.
Bt
50 45 45 40 40 S
SE. % min
aldnieadl Claall
10 10 10 10
F&E. % max
JyaiSa aal g day o S palus Sl s ((A:\)L_J.:Jl Laall i) 50 Aol A sl o0 dll J55 Y
52 IS 5 Gy 00

Remarks and Questions iliul 5 cillaad

2 1436 Js¥) an) — Al dadal
Eighth Edition — January 2015



53

Superpave Workshop Handout — 2015 - 1436 ey sl 550 &) )S3a
Prepared and Developed by: Advanced Engineering Center (AdEC)

53

"’.’ ATELC

E)-Lﬁ‘ P (02 Coutd (i) e o
Aggregate Gradation

M\ggu@w\ Qh&ﬂ&jﬁ\@j}ﬂ\@ﬁﬁé
S L5 Al
Aall _IMA | Jalsdl "\J}u;}ﬁ@;ﬂ\ Aaal Ay

It is the relative distribution of the weight of
different sizes to the total weight of the sample.

It is determined by sieve analysis of the sample.
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Dense graded: i) )

® Refers to a gradation that is near the FHWA's 0.45 power curve for
maximumn densit_\-‘.
* Gap gr.l(le(l: oadlill E)Jm
Refers to a gradation that contains only a small percentage of aggregate
particles in the mid-size range. The curve is flat in the mid-size
range. HMA gap graded mixes can be prone to segregation during
placement.

* Open graded: sidall & il

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 near vertical in the mid-size range, and flat and
near-zero in the small-size range.

54
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® Uniformly graded: Al d Ll

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.

® Fine gradation: (;;:Ldl z- )Ldl
A gradation that, when plotted on the 0.45 power gradation graph, falls mostly above the

0.45 power maximum density line.

* Coarse gradation: (sl 72 il

A gradation that, when plotted on the 0.45 power gradation graph, falls mostly below
the 0.45 power maximum density line.
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R
No. 100 No. 30
No. 200| No. S0 No. 16 No. 8 No. 4 3/8-inch 1/2-inch 3/4-inch
T | | ] =
Maximum Density Gradation Line //
. < Vd
o. d‘.“ o
"
'.
.
.
.
- F /
L 2
/
.---"""'-
0.075 mq 0.30 mm 1.18 mm 2.36 mm 4.75 mm 9.5 mm 12.5 mm 19.00 mm
0.15 mm 0.60 mm
Sieve Size
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Aggregate Gradation Concept

The best gradation is one that produces the maximum density, why:

1. provides particle arrangement where smaller particles are packed
between the larger particles.

2. reduces void space between particles.

3. creates more particle-to-particle contact and increase HMA stability
and reduce water infiltration.

Therefore, although it may not be the "best" aggregate gradation, a
maximum density gradation does provide a common reference. A widely
used equation to describe a maximum density gradation was developed
by Fuller and Thompson in 1907. Their basic equation is:

Po= (£

57
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Aggregate Gradation Concept

In 1960s FHWA introduced the 0.45 gradation chart

size is raised to 0.45 power for example 4.75 mm
| Sieve Plots at (4.75)%4° = 2.02

v

58

Sieve Size Raised to the 0.45 Power
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100

80+

60+

40+

20+

Aggregate Gradation Concept

1<

Vi -l -
V1 AGELC
W, 3 s Ui il 530

Advarc Engresrng Consutant

od Corvtar for O

Maximum Density Gradation Line
Minimum VMA Line

MaxiTum Size

19.0 mlm
Sieve Size Raised to the 0.45 Power

59

Remarks and Questions iliul 5 cillaad

2 1436 Js¥) an) — Al dadal
Eighth Edition — January 2015



Superpave Workshop Handout — 2015 - 1436 ey sl 550 &) )S3a
Prepared and Developed by: Advanced Engineering Center (AdEC)

60

" ADECT

Aggregate Gradation Concept

Sieve Sizes Raised to 0.45 Power

100 =
y 4 r 4 y i = i i
a0 2 l’l JII l’l l*' I’l I‘d’
- y 7 . 7 7 o
7 y q’ 7 IF o~ =
80 r 4 r4 r4 Z 1 - =
7 - Z 7 i — =
70 77— e ,’b —
;- = ’Il i 1 ,Il i —

(=] rd z

60 ra y # P o e
§ y - y — 21 i
[ l’ Il ‘&l
a 50 ; y i a—i i o
g : llljh' IIIII = s
e 40 r dar
5 A A=

. —
30 . =
IS 7 8 7
20 =
10
1
0 ) —
0.0&5130 0850 2.00 475 6.3 9.5 125 16.0190 250 315 375
© 0425 ' Sieve Sizes (mm)
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Superpave Gradation Requirements

100 Maximum Density Line

80 L

60 . Control Points

2

Q _ Not To Scale

© 40 | _ Nominal

D; Control Points Maximum Maximum

oS i Size

20| Size
u | | | — f
12.5 mm 19.0 mm
61 Sieve Size Raised to the 0.45 Power
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Trial «Com
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Session 3 - First Day - SUPERPAVE Overview

» Select

Confirming
Blend
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A) Establish Trial Blends

1. Establish trial blends based on:
®  Minimum of three blends are selected.
® Based on gradations of samples from hot bins.
o \-"lu'}' l)lending perc*entages to meet Superpa\-‘e Criteria
® Criteria of the design NMS
2. (_"<:>111]Jute combined .1gg1‘eg.1te ]Jr(:)perties
® Estimate mathematically the combined aggregate properties
based on the blending percentages and the individual aggregate
properties.
® For the selected blend verity the combined properties by

testing.
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B) Mix and Compact trial blends

[. Select % Trial Asphalt Binder (P,;) using one of

the following methods:

“* By computation as outlined in AASHTO R-35, or
“* By experience from previous Superpave designs in the

S oorego S "CES
ame abbl ebate ource
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B) Compact trial blends

a). Estimate effective specific gravity of each blend (G,,) using:
(_Tse - (_st+ (. X ((_Tsa - ('st)

Gy, = Aggregate bulk specific gravity
C = Aggregate absorption factor is assumed 0.8 but for
absorptive aggregate use 0.6 or 0.5

G, = Aggregate apparent s])e*('ifi(' gr.n‘ity
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B) Compact trial blends

b). Estimate the volume of asphalt binder (V,,) absorbed

into the aggregate for each blend:
P.x(1-V))

\"rba - x(1/ (}sb_ 1/ (}se)
(P)/G,— (P./G,)

Vi, = volume of absorbed binder

V, = volume of air voids (assumed 0.04)
P, = percent of binder (assumed 0.05)

P, = percent of aggregate (assumed 0.95)
G, = Sp. Gr. Of binder (assumed 1.02)
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B) Compact trial blends 4w il calad) &

c¢). Estimate volume of the effective binder

(Vy,.) of the trial blends using:

V,. =0.081-0.02931xIn (S,)

S, = the NMS in inches
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B) Compact trial blends

d). Finally estimate the initial AB% (Py;) for each
trial blend using:

Gpx (Ve TV

Py =
Gyx (Vi TV + W,
P.x (1-V))
W, =
(Py/ Gy + P,/ G)
W, = weight of aggregate

P,; = percent binder by weight of mix

68
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B) Compact trial blends

2. Prepare Hot Mix Asphalt Using:
® The trial blends Design Aggregate Structure
® The estimated initial trial asphalt binder (Py)
® The mixing and compaction temp. determined from the
temperature-viscosity 1'elati011::<hip.

* Apply the STOA (AASHTO PP2).
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B) Compact trial blends

3. Compact 2 specimens for each blend to N then for each

('omlm('ted specimen:
® Measure G, AASHTOTI166.

® Get the specimen height at N ; & N in mm from the gyratory

c*ompac*‘ror data.

4. For each blend measure G__ in 1'el)li('ates AASHTOT209.

mim
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C) Evaluate Trial Blends

I. Determine
* %G, @ Ny, by dividing the G,_; by G x 100
* %G, @ any N, by multiplying %G, (@ Ny by the ratio
of the height at N to the height at N from the gyratory
compaction data.
® Air voids & VMA using:
% Air voids = 100 - % G (@ Ny,
% VMA =100 — (% G, @ Ny .x G,

x P,/ Gy

m

7"
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C) Evaluate Trial Blends

%Gmm @ Nges X HNdes

7°6mm @ I\lini -
Hy

i

Where:

HNgos = Height of specimen at N

Hy, . = Height of specimen at any N

ini
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C) Evaluate Trial Blends

2. Recalculate (@) 4% air voids (96% G (@ Ng.):

®  Asphalt content % using:

) Note:

Pb,estimated - Pbi - (O_I-H-'\a) C=01ifV,<4.0
*  VMA using: C=0.2ifV,>4.0

OOX'IT‘I\’:IlAestimated = %VMA initial + (-“('I"Va)

VFA using:

OOVPFAestimated — 100 X (OOXI?:\..I'[:\&Stimated = 'I'O)/OO

V‘I\:I[Aestimated
* % G, (@ N, using:

%0 (}mm estimated 'Ka Nini =% (}mm 'Ka Nini o (+O _Va)
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C) Evaluate Trial Blends

3. Calculate DP ratio
* Compute Py using:
Pbe - - (Ps X Grb ) X ((}se o (}sb)/(}seX(}sb) * Pb,estimated
® DP using:

DP =P 75 / Ppe

D) Summarize results: Comparing with Superpave criteria and

selecting the confirming blend to be used in step 3.

74

74

Remarks and Questions iliul 5 cillaad

% 1436 Js¥) mn) — A%l skl
Eighth Edition — January 2015



Superpave Workshop Handout — 2015 - 1436 ey sl 550 &) )S3a
Prepared and Developed by: Advanced Engineering Center (AdEC)

75

AN \

v A
Or@

dEC
oy cwned Rl o
Adearced Canter for Ol Engreerng

E‘Z

raanail) Jag) 1) (5 giaca HLOA) AGIGD) § gladl)
Step 3: Selectlon of DAC
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A) Compact Samples

®  Prepare HAM using four Asphalt Binder %os:

e X

e X-0.5

e X+0.5
e X+ 1.0%

Where: X = Estimated binder content from step 2
at 4.0 air voids for the selected blend
*  Compact 2 specimens (@ each AB% to N,
®  Measure specimen height and G (@ Ny

76 ° Measure two G for each mix.
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B) Analyze the results

Use the same formulas in the selection of DAS to
compute:
e %G,  (@N, and N,
® Volumetric properties (Air voids, VMA, VFA)
® DP ratio

* Generate graphs for each property vs. AB%

77
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C) Select DAC

¢ From the gral)hs (CZ 4.0 % air voids determine DAC
and check:
% VMA and VFA and % G (CZ N,

111

< Compute DP at the effective DAC

¢ Compare with Superpave criteria and adjust vour desion
| | | J 2

as needed.
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D) Ny4es and N, Verification

° Pl‘el)al‘e hot mix at selected DAC and DAS

® Gyratory compact 2 specimens to N, and another 2

specimens to N

e (C om])ute all mixture proper ties ((’Z\ Ndes and ° O(}mm ((’Z\ Nlllﬂi\‘

e ( ompare the results with Sul)el‘l)ave criteria and adjust

your design as needed.
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Step 4: Moisture Sensitivity

*  Select N
< 7 % air voids
¢ C‘ompac*‘r spec*imeus
“* 6 specimens
% Compact to N
®  Evaluate
< Follow AASHTO T283 with MOT modification.

*

¢ The retained ITS must be 80% minimum.

*

% Compare with the criteria and adjust your design as needed.

82
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A) Select N, <al) (s giusa LIS

® Trial and error

® Use the densification data of the N__ verification step to
determine the number of gyrations to achieve 7% air voids

i.e. %G, 0f93.0 )

%Gym @ N Hy
%6 @ N, = -
Where:
Hy = Height of specimen at N
Hy. = Height of specimen at any N,

X
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Example Jis b S5
Determination of N, to Achieve 7% voids
N H, mm % Gmm
5 129.0 85.1
Ny = 8 127.0 86.5
10 125.7 87.7
30 120.1 915
40 119.0 92.4
50 118.0 93.1
60 117.2 93.8
100 116.0 94.7
160 115.2 95.4
Gup 2.445
G 2.563
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B) Compact Samples
* Prepare HAM using DAS and DAC
®* Gyratory compact 6 specimens to N
e Three specimens are control (no ('onditioning).
(0]

e The other three is conditioned for 24 h at 60 C

e Test all specimens to determine maximum indirect
tensile load at failure.

3 Conditioned Specimens 3 Dry Specimens

85
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C) Evaluate sl =555

® Compute ITS (Indirect Tensile Strength)

¢ Maximum allowable I'TS loss is 20%0

® Compare with Superpave criteria and adjust your design as
needed.

® In case I'TS is failing use cement dust, lime, Portland

cement or anti-stripping agents as per MOT Sl)e(‘s.
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Good pavement

° Acceptable performance for 20 years:
O No fatigue (1‘a(‘king
J No 1‘utti11g

U No low (thermal) temperature cracking

* No major maintenance:
d Minimize LCC

O Minimize Traffic interruption

38
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Fatigue Cracking
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Temperature Cracking
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How can we avoid this??

Good
Mix Design

Good

Pavement

Good

Construction /

92
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Successful good pavements do
not happen by accident; They
are the result of careful
planning, design and
implementation
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How can we get good Mix Design ??

Sul)erl)ave target is good pavement, so 1‘eq11i1‘ements for

the design of the mix are:

<+ PG matching the project site environment.

“ Project level ESAL for 20 vears .. !!

*» Critical S])eed on the road !!

<+ Pavement thickness design .. !!

 Volumetric properties (initial, design and max.)
99 ;

99

Remarks and Questions iliul 5 cillaad

% 1436 Js¥) mn) — A%l skl
Eighth Edition — January 2015



Superpave Workshop Handout — 2015 - 1436 ey sl 550 &) )S3a
Prepared and Developed by: Advanced Engineering Center (AdEC)

/] | -
Oyl Cunind Ol sgalad [Syp1
AR 1 o or O Errowg Gt

"

|Is Good Mix Design Enough ?

NO .. WHY?

Analogy ... Doctor and Patient !!
® Doctor
Diagnosing
Selecting suitable medicine
Pl‘oviding Instructions
® Patient
[mplementing the treatment plan to produce

100 a health bod}'
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In our Case .. Who is the Doctor
and who is the patient?

® Doctor is mix designer.

o Diagnosing _ Defining the mix parameters
o Selecting _ Selection of materials & %os

o Instructions _ JMF, temperatures, % G, . ...

¢ Patient is mix construct, ob_jec*ti\-‘e 18 to 1)1'oduc*e and l)lac*e a mixture
meeting the specified design requirements
o Quality
o Volumetric

101 o Mechanical
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Mix Production .. What is wrong?

¢ Failure to maintain aggregate quality at the whole course of
production.

o At the begiming everything is ok umtil the "good" material is all

consumed and in the later part of production, "not so good” or even

sometime “bad" material iz being fed to the productionline.

* Hot bin aggregates are randomly checked only for gradation just to
meet the JMF requirements.

o Often, contractors "ignore" the aggregate quality tests (such as fine

aggregate angularity), the mentality is that FAA is not being checked in

the handing over

102
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® Same mix design although new source of aggregate is being used
o Although the old aggregate and the new have the same color and texture and
comes from the same location, checking all the properties of the new
aggregate must be done. Aggregates changes its properties as you go deeper
in the quarry site.
* Asphalt binder is "under modified" or less than the PG required

o homogeneity is questionable due to inadequate agitators (specially crumb
rubber modified binder)

o improper storage which causes unnecessary alteration of asphalt "freshness"
¢ Less frequency of tests in the daily production of mix
o Test is done mostly on a one time /batch basis.

o Neither the contractor (QC) nor consultant (QA) do sufficient checking

103
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Mix Handling and Placement

¢ Truck drivers often neglect the importance of
covering the asphalt, E\POsm e of the mix to the
atmosphel e for long travel / hauling time (even on
summer days) effec t the mix
o Loss of temperature
o lumps of cooled HMA will develop
o Specified density and smoothness of the finished pavement can

only be achiev ed when the mix temperature is uniform.

* load truck properly

o Paver pulls up to meet the truck

oDON'T BUMP THE PAVER!

o Break the load before opening tailgate

o Charge the hopper before it's empty

104
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Temperature

O Regardless of the type and capacity of the haul
v ehl( les, the delivery of HMA from the plant to the
pav ]110 g pr o]e( tr equu es consistency and r 6‘0111211 1ﬁ SO
that the mix being placed is of uniform tempel ature.

M| Tempel ature segregation tends to occur in a cyclic
manner with eac 11 truckload and is the result of:

o Loss of heat from the sides, top and bottom of the load during
transport.
o Transfer of that cool material to the sides of the paver hopper.

o Uneven teedmo of the cool material from the sides of the
hoppel 111(11111\ ‘when emptying the hoppel after each load.

105 sl il 3Dr Ibrahim Aldubabe
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Use Shuttle Buggy to have a consistent mat temperature, there are
three main things the Shuttle Buggy gives us:
o First, it helps us meet smoothness specifications.

o Second, it cures our segregation problems.

0 And third, it gives us good compaction numbers

106
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Effect of Compaction temperature on
compaction effort

—

End of compaction

Favourable compaction
temperature

Compaction effort

Start of
compaction

T T
80 100 120 140 160 180 200 ‘C

Mix temperature in °C —_—8

T
40 s0
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Mix Handling and Placement

* Avoid segregation: Segregation is a lack of homogeneity in the hot mix
asphalt constituents of the in-place mat of such a magnitude that there
it a reasonable expectation of accelerated pavement distress(es).”

* Sources of Segregation
o Large size asphalt mixes (coarse)

o Poor operation, poor storage and truck loading systems (use shuttle buggy)
o Start and end of truck loads

o Paver mechanical and operation through uneven flow of material

o Poor handwork

o Asphalt binder drain-off in open graded and gtone mastic .151)11.11t mixes

108
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Avoid Segregation .. (=l Juadl¥) & gan cuias

the commonly accepted qualitative definition of aggregate segregation is “the non-uniform
distribution of coarse and fine aggregate components within the asphalt mixture.” There are
two basic types of aggregate segregation:

« Coarse segregation. Occurs when gradation is shifted to include too much coarse
aggregate and not enough fine aggregate. Coarse segregation is characterized by low
asphalt content, low density, high air voids, rough surface texture, and accelerated rutting
and fatigue failure (Williams et. al., 1996b[5]). Typically, coarse segregation is
considered the most prevalent and damaging type of segregation; thus segregation
research has typically focused on coarse segregation. The term “segregation” by itself is
usually taken to mean “coarse segregation.

«  Fine segregation. Occurs when gradation is shifted to include too much fine aggregate
and not enough course aggregate. High asphalt content, low density, smooth surface
texture, accelerated rutting, and better fatigue performance characterize fine segregation
(Williams, Duncan and White, 1996(8]).

109
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Avoid Segregation .. (=l Juadl¥) & gaa il

A quantitative aggregate segregation definition is less certain. Since
coarse segregation 1s generally accepted as most destructive, a general
quantitative definition is a sample * 10% coarser than the JMF on the
2.36-mm or the 4.75-mm sieve. AASHTO) and NAPA identified five
major segregation sources:

L0 Mix design. The key mix design parameters in determining
segregation susceptibility are gradation and asphalt content (AASHTO,
1997[7]). Specifically, open-graded mixes and low asphalt binder
content mixes are particularly prone to segregation.

[ Stockpiling. If aggregate is loaded on top of a conical stockpile then
larger aggregate sizes are more likely to roll to the outside and bottom.

110
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Avoid Segregation .. szl Juadly) & gaa cias

( Asphalt plants. Key portions of the plant generally concerned are :

% Cold feed bins. Bins may not feed uniformly.

%+ Batch plant hot bins. Dust may collect on the wall and discharge in large
concentrated slugs.

% Drum mixers. Large particles will generally flow through a drum mixer more
quickly than smaller particles.

% Surge and storage bins. Situations such as an off-set discharge chute, angled
material flow from the discharge chute, and excessively large bin openings can
lead to segregation.

U Truck loading and unloading. Loading trucks in one large dump may cause the
larger aggregate sizes to roll to the outside and bottom.

(J The asphalt paver. Segregation occurs as a result of hopper operation, auger speed,
and disruptions in paver movement. The chief detrimental effects of segregation on
HMA performance are: reduced fatigue life, rutting, raveling, and moisture damage.
These effects can cause a severe reduction in pavement life.

More information on segregation causes and cures can be found in
111 AdEC web site at www.adeceng.com
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Compaction.. Be careful !!

* Test Strip is often neglected:
o Establish rolling pattern for compaction Speed and lap pattern for eachroller
o No. of passes for each roller, there is no "counting of number of passes" to
reach the desired compaction being done

o Minimum temperature b_\-‘ which each roller must c'oml)le te pattern

* Equipment versus the area
o Adequacy of compaction equipment specially on winter days must be
observed.
o TAC (Time available for compaction) 10 to 20 min.

o Compaction must end before the temperature goes down below 90°C for
NAB and 115 C for PMB or when you see signs or appearance of broken

aggregates.

112
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¢ operatorsmust know and be trained on how to treat the pavement
"nicely".
® Swerving, over vibration and sudden stops must be avoided

® Right setting of frequency and amplitude.
¢ Equipment condition (efficiency)
® There is segregation after the paver. The vibration it not enough to
deliver the initial compaction
* Cycle time
¢ One of the most neglected method of construction.
¢ The supply of mix must be continuous to avoid cold joints

® Coordinate mixture deliver_\-‘. paver sl)eed and compaction operations

[MPORTANT Paver speed must not exceed that of the compaction
113 operation!!!

113
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Compaction.. Be careful !!

* Stability of the underlying structure (aggregate base course)

e Strength of the adhesive material used
* MC1 and RC2 must be correctly, evenly and properly sprayed
¢ Always check its cleanliness and freshness (recommended curing time

and expiration)

114

Remarks and Questions iliul 5 cillaad

% 1436 Js¥) mn) — A%l skl
114 Eighth Edition — January 2015



Superpave Workshop Handout — 2015 - 1436 ey sl 550 &) )S3a
Prepared and Developed by: Advanced Engineering Center (AdEC)

7 ATGELC
Olaal el il pobrio Syl

Compaction.. Be careful I! =~

* Weather factor
® Weather limitations must always be observed.
® In case of saturated aggregate base course surface, ensure that it is totally
dried up and the MC1 must be removed and re-sprayed.
¢ Construction Joints (side and longitudinal)
¢ should be totally watertight to avoid water seepage. Joint treatment by
saw -cuting joints after completion before next day’s production

® stagger transver se joints

L Equil)ment Parl:jng

¢ Avoid parking of compaction equipment on the fresh asphalt pavement
during delay of supply or while spreading, because it creates "depression"
on the area.

115 ¢ Overnight parking on the newly finished pavement also must be avoided
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Balance

e [tis the ke}-* to effective l)lac*ement of HMA

¢ Balance between l)lac*ement & 1)1'c>duc*tic>11 and between mix deli\-“er}-“

& 1)1'c>d11c*tic>11 }-‘ield the best results.

e (Careful control of the paving speed enables efficient L\}-‘dcm“n and

c*oml)ac*tion of the mix at congistent temperatures.

¢ The best paving projects find balance between each of these elements.

116
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Concluding Remarks

® Good Sul)erl)ave mix design needs good input.
® Good mix design is not enough.

® Good construction practice of HMA accounts for a
maj or l)a,rt n a(‘hieving an a(‘(‘el)table l)a,\-*ement

1) erforma,n(‘e.

® Successtul good pavements do not hal)l)en by accident;
they are the result of careful 1)1&1]11]'119: and

]'ml)lem entation.

117
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Advanced Center for Civil Engineering Consultant
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