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Power 45 Basics

Cumulative % Passing

Percent passing
w
=]

U000 §sD AS0 B 4 3/a8" 3/4" 1 11
0.312 0.582 0.795 1.472 2.016 Sievesize 2.754 3.762 4.257 5.109

» Sieve Size, mm, Raised to 0.45 Power — allows straight max density line
» Sieve labels with actual sieve size added for clarity




Percent passing

Gradation Limits

Superpave D Specification Limits

Table 8
1 ! Lo - Master Gradation Limits (% Passing by Weight or Volume) and VMA Requirements
I N S S A R A o Sieve SP-B SP-C SP-D
o ! Size Intermediate Surface Fine Mixture
_ |Upper Master Specification kimit A r 2 - - -
. o | 7" 100.01 n n
P I U VA T S S o 1" 98.0-100.0 100.0! -
i 5 3/4" 90.0-100.0 98.0-100.0 1000
R e bl S B T L i R e R 1/2" Note? 90.0-100.0 98.04100.0
! ! 3/8" - Note? 90.04100.0
L e T i Sl it i ety Tttt T #4 23.0-90.0 28.0-90.0 32.0490.0
| | #8 23.0-34.6 28.0-37.0 32.0440.0
e I R E A T 7 T NI #16 2.0-28.3 2.0-316 2.0-B7.6
3 i Lower Master Specification Limit #30 20-207 2 0-23.1 20P75
ol IR B A R T VT #50 2.0-13.7 2.0-155 204187
I T S S R I S #200 2.0-8.0 2.0-10.0 2.0410.0
B | : : Design VMA, % Minimum
S - A T T O S I N deeomeo e - | 14.0 | 15.0 | 16.0
i i i Production (Plant-Produced) VMA, % Minimum
g Mo=mm = oo o - f A f - [ 135 [ 14.5 | 155
¥I00 WSO w30 ¥a P 33 34 3 1172 1. Defined as maximum sieve size. No tolerance allowed.

Sieve size 2. Must retain at least 10% cumulative.




Reference Zone

* Formerly known as the “Restricted Zone”
* Max density line passes though middle of reference zone
* Generally recommended that you don’t design through
* May indicate over sanded mixture
* May indicate too much fine sand in relation to total sand
* May close mixture and lower VMA
* May result in “tender” mixtures and low asphalt content

Table 9
Reference Zones (% Passing by Weight or Volume)

Sieve SP-B SP-C SP-D
Size Intermediate Surface Fine Mixture

2" - Z -
1-1/2" - - -

1" _ _ -
34" - - -

1/2" - - -
38" - - -

#4 - _ _

#8 34.6-34.6 39.1-39.1 47.2447.2
#16 22.3-28.3 25.6-31.6 31.6437.6
#30 16.7-20.7 19.1-231 23.5427.5
#50 13.7-13.7 15.5-15.5 18.7418.7
#200 - - -

100 4

80 4

-]
o
M

Upper Reférence Zone Limit

Percent Passing, %

B
o

Gradations Limits
Restricted Zone
Max. Density Line

Sieve Size

Control Points -
20 4 Blend 1 O
Blend 2 O
Blend 3 s []
p Blend 4 . O
7 Blend 5 s []
0 - ———————————— == /
#200 #50 #30 #16 #8 #4 38 112




Maximum Density Line




Maximum Density Line

Percent passing

10

Nominal maximum aggregate size - one
sieve size larger than the first sieve that
retains more than 10% of the total
aggregate.

Maximum aggregate size - one sieve
size larger than the nominal maximum
aggregate size.

Superpave D Max Density Line

1 —

. ' Maximum

Nominal Maximum

Table 8
Master Gradation Limits (% Passing by Weight or Volume) and VMA Requirements
Sieve SP-B SP-C SP-D
Size Intermediate Surface Fine Mixture
" _ - _
1-1/2" 100.0! - -
1" 98.0-100.0 100.0! -
3/4" 90.0-100.0 98.0-100.0 100.0°
12" Note? 90.0-100.0 98.0-100.0
3/8" — Note? 90.0-100.0
#4 23.0-90.0 28.0-90.0 32.0-90.0
#8 23.0-34.6 28.0-37.0 32.0-40.0
#16 2.0-28.3 2.0-31.6 2.0-37.6
#30 2.0-20.7 2.0-23.1 2.0-27.5
#50 2.0-13.7 2.0-15.5 2.0-18.7
#200 2.0-8.0 2.0-10.0 2.0-10.0
Design VMA, % Minimum
- | 14.0 | 15.0 | 16.0
Production (Plant-Produced) VMA, % Minimum
- | 135 | 14.5 | 155

oA

Sieve size

Origin

200 450 W30 e #4 38" 34 1 11/

1. Defined as maximum sieve size. No tolerance allowed.
2. Must retain at least 10% cumulative.

Maximum density line plots a straight
line from the maximum aggregate size
to the origin (0,0).




Maximum Density Line

100 4

80 4

* More linear gradations (closer to max density line) = less
VMA and therefore less optimum asphalt content at
target density

E;T‘ o4
£ » Design #1 has more void space built into gradation than
£ Design #2
OPTIMIZE [m} . . .
Bends » At the same AV%, this will result in more room for
b A AC%
20 4
Coarser e « Design #1 VMA > Design #2 VMA
Max. Density Line . .
Contal Pans . » Design #1 OAC > Design #2 OAC
0 #200 #50 #30 #16 #8 # 38 12 34 1112
Sieve Size
Design #1 Design #2
100 100
80 80
‘age:‘ 60 E 60
§ “ OPTIMIZE O g w OPTIMIZE O
Blend 2 Blend 2 a
Blend 3 O Blend 3
Blend 4 O Blend 4 O
Blend 5 O Blend § [m]
- Gradations Limits =~ —————- “ Grada_tions Limits  —————-
e e
Control Points . Control Points -
0 #200 %50 #30 #16 #®n # 38 12 34 1112 0 #200 #50 #30 #6 # #4 38 12 34 1 1112
Sieve Size

Sieve Size




Lab Design vs. Plant Production




Gradations Fining Up During Production Example

100 -
Gradation of Mix
Produced in the : i
w{ Laborato Lab Mix Details:
Y SP-C PG76-22
20% RAP
== .
el 35 gyrations
2 AC=5.5%
g
E 40 Blend 1 [v
Blend 2 [~
Blend 3 .
_______ Blend 4 [
Blendd — [
20 -
Gradations Limits =~ — _—_—__
Restricted Zone -
Max. Density Line
Control Points .
J v /
’ #2200  #0 #30 #16 #8 #4 38 112 34 1 11/2
Sieve Size




Gradations Fining Up During Production Example

100

80

Percent Passing, %
a3

F-9
[—]

20 A

Change in
gradation resulted -

'

in OAC decrease  /
from 5.5% to 4.6%

Trial Batch Details:

SP-C PG76-22

20% RAP

35 gyrations

AC=4.6%
Blend 1 v
Blend 2 [v
Blendd [
Blend 4 [—
Blend 5 r

Gradations Limits o
Restricted Zone
Max. Density Line
Control Points

#200
Sieve Size

#50 #30 #16 #8 4 38 1/2 34 1

1102




Gradations Fining Up During Production Example

100 - ——————
80 - Readjusted bin
percentages to
= account for
2 60 aggregate
& breakdown
[
E 40 - /
& ! New Proposed o2 Y
Gradation Blond 4 v
Blendds — [
20 | — [¢
Note #8 sieve was out Rt zone.
of specification Convorpoints
N J,
’ #200  #50 +#30 #16 #3 #4 38 112 34 1 1172
Sieve Size




Gradations Fining Up During Production Example

100 -
80 . Plant Mix Details:
SP-C PG76-22
. , 20% RAP
s ] Gradation after / 35 gyrations
2 AC=5.1%
e
E ik Blend 1 v
Blend2 — [
Blend 3 r
Orlglnz_ﬂ design O §4
20 - gradation —
Gradations Limits @ —————
Restricted Zone -
Max. Density Line
Control Points -
’ #200  #50 #30 #16 #5 #4 38 112 34 1 1172
Sieve Size




Gradations Fining Up During Production Example

100
80 - Plant Mix Details:
SP-C PG76-22
20% RAP
& 60 _ Y, : 35 gyrations
z Gradation-after - . Acinsf 1%
£ | production
g 40 , A . Blend 1 %
Original design e —
------- / gradation Blend 4 %
] Blends — [~
20 - ’\
Adjusted gradation Rt zom T
after trial batch Contarpoints
’ #200 #50 #30 #16 #8 #4 38 12 34 1 1172
Sieve Size




Item 344 vs SS3077
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Tx2MixSolver Template




What and Where?

What is it and how does it work?
« Macro enable solver
» Follow the instructions on the information tab to add the solver function to your
Excel
* Input your mix type and stockpile gradations into the sheet
» Itis not set up to optimize lime, recycle, or SAC A
* You will need to input your lime and recycle bin percentage
« Hit the “OPTIMIZE GRADATION” button
» Use this as a tool to help start a new Superpave design

Step 1: Mix Type: | [tem 344 Superpave C |
STOCKPILE GRADATIONS
BinNo.1 | BinNo.2 | BinNo.3 | BinNo.4 | BinNo.5 | BinNo.6 | BinNo.7 | Bin No.8
Sieve Size Please type-in the aggregate type |
C-Rock Grade 5 Man Sand | Field Sand LIME RAP RAS
Class (A) Rock
n:'m:;:- YES
1in 100.0 100.0 100.0 100.0 100.0
34 in 97 1 100.0 100.0 100.0 100.0
1/2in 60.4 100.0 100.0 100.0 9g8.2
3/8 in 265 998 100.0 100.0 922
#4 26 239 96.5 100.0 67.5
#8 1.8 21 628 100.0 475
#16 1.7 14 367 99.7 371
#30 16 14 224 98.1 28.2
#50 16 1.3 15.1 66.4 19.7
#200 1.1 11 9.0 3.1 6.1




What and Where?

Step 2: Aggregate | OPTIMIZE | 5, 45 | Blend3 Blend 4 Blend 5
Type Blend 1
Bin No. 1 C-Rock
Bin No. 2 Grade 5
Bin No. 3 Man Sand
Bin No. 4 Field Sand
Bin No. 5
Bin No. & LIME
Bin No. 7 RAP 20.0%
Bin No. 8 RAS
20.0%

If you want to use Lime, RAP, or RAS, it will need to be populated here. The template will
not optimize these values. The template will not optimize SAC A either, however, it will
calculate the total SAC A.

Step 3:
OPTIMIZE

GRADATION

Step4:  Solver will display a message:
* Found a solution
* Could not find a solution

Either way, hit “OK” to view the proposed gradation.




What and Where?

Output Data

Aggregate | OPTIMIZE | o i5 | Blend 3 Blend 4 Blend 5 Class A, %
Type Blend 1 414
Bin No. 1 C-Rock 20.4%
Bin No. 2 Grade 5 26.9%
Bin No. 3 Man Sand 31.8%
Bin No. 4 Field Sand 0.9%
Bin No. 5 0.0%
Bin No. 6 LIME
Bin No. 7 RAP 20.0%
Bin No. 8 RAS
100.0%
Comments:
Master Gradations * You may see red “x” on the table. This is
Sieve Size typically due to rounding of the program.
OQTEL’“Z"?]E Blend 2 Blend3 | Blend4 | Blend5 * “Blends 2-5" do not optimize. Use to make

o 000~ modifications. .

- - * Note some recommendations may not be

34 in 99 4 v . . .

2 916 v practical (i.e. field sand at 0.9%)

78 in 834 v » Keep in mind, during production, some bins may
#4 520 v need to be split into 2 bins for better control.
#3 31.3 o
#16 M7 v
#30 14.3 -

#30 10.0 v

#200 46  ~




What and Where?

100 +

80 1

Percent Passing, %

e
o

20 4

-]
o
M

OPTIMIZE
Blend 2
Blend 3
Blend 4
Blend 5

Gradations Limits
Restricted Zone
Max. Density Line
Control Points

38
Sieve Size

112

34

112

Master Gradations
Sieve Size
OI;-ZLNQI'?E Blend 2 Blend 3 Blend 4 Blend 5
1in 1000 ~| 1000 ~ 100.0 v
34 in 994 v 99.3 v 99.3 v
1/2in 916 v 901 v 90.7 v
38 in 834 v 50.8 v §2.2 v
#4 52.0 v 515 v 514 v
#8 3 v 311 v 301 v
#16 207 v 203 v 15.8 v
#30 14.3 v 13.7 v 12.4 v
#50 10.0 v 9.6 v 8.6 v
#200 4.6 v 4.7 v 4.7 v

T~

Use the toggle feature to display
different gradations

The Tx2MixSolver template can be found on the TxDOT website at:

https://www.txdot.gov/inside-txdot/forms-publications/consultants-contractors/forms/materials.html



https://www.txdot.gov/inside-txdot/forms-publications/consultants-contractors/forms/materials.html

Item 344 Gradation

Percent Passing, %

100

80

=]
o
M

=
=

20 +

Iltem 344

SS 3077

OPTIMIZE
Blend 2
Blend 3
Blend 4
Blend §

Gradations Limits
Restricted Zone
Max. Density Line
Control Points

OoOEs

# 38 112 34

Sieve Size

SS3077 Gradation

Aggregate § o 42
Type
C-Rock 17.0%
Grade 5 18.0%
Man Sand 30.0%
Field Sand 15.0%
LIME
RAP 20.0%
RAS
100.0%
Sieve Size
Blend 2
1in 100.0  «~
34 in 99 & v
1/2in g2 .9 v
38 in 85.9 v
#4 62.2 v
#3 44.0 v
#16 33.9 v
#30 276 v
#50 18.9 v
#200 4.8 v

Aggregate OPTIMIZE
Type Blend 1
C-Rock 20.4%
Grade 5 26.9%
Man Sand 31.8%
Field Sand 0.9%
0.0%
LIME
RAP 20.0%
RAS
100.0%
Sieve Size
OPTIMIZE
Blend 1
1in 100.0 ~
34 in 99 4 v
172 in 916 .
3/8 in 83.4 v
#4 52.0 v
#8 31.3 4
#16 0.7 «
#30 14.3 v
#50 10.0 v
#200 4.6 v







