Discussion of the following Blending Chart Examples;

The following blending charts and accompanying calculations follow examples in
Chapter 11 of MS-2 Asphalt Mix Design Methods (7t" Edition) by the Asphalt Institute, and are
dependent on the following variables:

a.) JMF binder content (tot wt. of the mix)

b.) RAP binder content (tot wt. of rap)

c.) Percent RAP (belt feed %’g)= Wt of (RAP AGG + RAP Binder)/(RAP AGG +RAP Binder
+ Virg Agg)x100%

d.) The Projects Specified PG Binder Grade

e.) The contractor proposed grade of the virgin binder

f.) Critical Temperatures of the virgin binder and binder extracted from RAP

The upper portion of the spreadsheet calculates the “RAP Agg in Agg Blend”, and the
“RAP Pavement Binder Ratio (RPBR)” based on JMF info (i.e. variables a.), b.) and c.) above.

The lower portion calculates the maximum RAP Agg in the Agg Blend and the maximum
RPBR as a function of the projects specified binder and the true grades of the virgin and binder
extracted from RAP (i.e. variables d.), e.) and f.) above.

Two primary checks are performed:

“Proposed RPBR” must be < “the lowest maximum RPBR from the four blending charts

and “ must be < either 0.40 or 0.25 (dependent on
“%RAP Agg in the Agg Blend” must be < “maximum RAP Agg in the Agg Blend”
and must be < 25%

Strikethrough-text and red text are used to indicate when one or both conditions are not met.

See next sheet for a summary of the example blending charts.
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Example 1: An existing JMF using a project specified PG70-10 binder and greater than 15% RAP is
examined per CPD 16-__. The JMF must be analyzed to determine if the blended binder (virgin and rap
binder) when combined at the percentages defined in the JMF meets the specifications for the projects
specified binder. Critical temps (i.e. true grades) of the virgin and RAP binder are determined and
entered on the spreadsheet with the JMF info (yellow cells). The virgin and extracted RAP binder grades
and the projects specified binder grades are plotted on the blending charts. The max RAP pavement
binder ratio (i.e. binder replacement ratio) is determined to be 0.1266 (12.66%) which is less the current
design RPBR of 0.28. Therefore this JMF needs to be revised. (See examples #2a, 2b and 2c for options).

Example 2a: Here we determine potential options to revise the JMF in Ex#1 where the RPBR exceeded
the maximum determined from the blending charts. In this example, the virgin binder is bumped down
a grade from PG 70-10 to PG 64-16. Under the initial assumption that true grading will be used during
production, we select NO in cell B2, and enter the true grades for the virgin PG 64-16, leaving the 70-10
grades unmodified (same RAP stockpile). Using the same JMF BC (which may change) indicates that
"Max RAP agg in the Agg Blend" is 18.57%. With this value, the %RAP (belt feed %) is lowered from 25%
to 19.5% which lowers the RAP Agg in Agg Blend to 18.42% (less than 18.57% max shown to its right).

Example 2b: In this example, we use the same RAP true grades, and the same virgin binder as in
example 2a, but under the assumption that we will use the “Certification Program for Suppliers of
Asphalt” to establish the critical temps of the virgin binder. Selecting YES in cell B2 automatically
populates the virgin binder true grade based on the selected virgin binder grade of PG 64-16. Note the
virgin binder true grade cells are no longer “yellow” and are populated with vertical lookup equations
from tables elsewhere on the spreadsheet. Entering a value in these cells overwrites the equations that
automatically populate the cells. These equations can be automatically re-populated by clicking the
button immediately to the right. Using the previous examples RAP Binder critical temps, limits the RAP
Agg in Agg Blend to 14.35% (less than 15%). In this example, per specifications, the contractor could use
15.2% percent RAP (% belt feed) which corresponds to 14.35% RAP aggregate in the aggregate blend
(which is less than 15%). Summarizing this example, as the contractor is choosing to rely on the
“Certification Program for Suppliers of Asphalt” to determine the true grades of the virgin binder (rather
than weekly testing discussed in example 2a), the blending charts indicate that they cannot use more
than 15% RAP aggregate in the aggregate blend.

Example 2c: To allow a higher percentage RAP be used than in the previous examples 2a and 2b, in this
example, the virgin binder is dropped two grades from a PG 70-10 to a PG 58-22. "YES" was selected in
cell B2 to indicate that the “Certification Program for Suppliers of Asphalt” will be used to control the
virgin binder (i.e. weekly true grading of the virgin binder not required). Selecting “YES” replaces the
virgin binder true grades with the most conservative values for a PG 58-22. Using these values, the max
RPBR pulled from the blending charts is 25.32%, which exceeds 25% maximum covered by the
specifications, therefore the 25% maximum controls. The Percent RAP (percentage of belt feed) is
lowered until the RAP aggregate in the agg blend is less than 25%. In this example the Percent RAP
(percentage of belt feed) is lowered to 26%, given the JMF OBC and RAP BC, equates to a RAP Aggregate
in the Aggregate blend amount of 24.67% (less than the 25% max). RPBR values up to 0.40 are allowed
by specification in lifts below the upper 0.20’ of the layer, but only up to 0.25 in the upper 0.20 of the
layer. Asthe corresponding RPBR is 0.292, this HMA with RAP to be placed below the upper 0.20’ of
the HMA layer. To use this material in the upper 0.20 of the layer, the RAP (percentage belt feed) has to
be reduced from 26% to 22.3% or less to prevent the RPBR from exceeding 0.25.
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Example 1: An existing JMF using a project specified PG70-10 binder and greater than 15% RAP is examined per CPD 16-__. The JMF must be analyzed to determine if the blended
binder (virgin and rap binder) when combined at the percentages defined in the JMF meets the specifications for the projects specified binder. Critical temps (i.e. true grades) of the
virgin and RAP binder are determined and entered on the spreadsheet with the JMF info (yellow cells). The virgin and extracted RAP binder grades and the projects specified binder
grades are plotted on the blending charts. The max RAP pavement binder ratio (i.e. binder replacement ratio) is determined to be 0.15 which is less the current design RPBR of 0.28.
Therefore this JMF needs to be revised. (See examples #2a, 2b and 2c for options). The resulting 23.7% RAP Agg Blend must also be less than the 12.66% Max RAP Agg Blend.

Caltrans Blending Chart for blending Virgin and RAP Binders (>15% RAP)
<== Is contractor using the COC program for true grading the virgin binder (rather than performing weekly true grade testing)? Spreadsheet
Select YES if the contractor plans to use the “Certification Program for Suppliers of Asphalt” as a control check of the virgin binder critical temperatures, rather than Revision Date
performing weekly true grade testing of the virgin binder. Selecting YES, auto populates the Virgin Binder critical temperatures in the "True Grade Test Data table" 04/21/16
N O using the most conservative values that correspond to the chosen virgin binder. These assumed values typically require the proposed virgin binder grade (in cell E36) © 2016 California
to be "bumped down" one grade when using RAP Aggregate %g's exceeding 15%. These assumed virgin binder critical temp values must be used during the JMF and Department of
also production. If the RAP pile gets augmented, new true grades of the extracted RAP binder must be determined and used from that point forward. Transportation
Select NO if the contractor plans to perform true grading to determine the critical temperatures of virgin binder. This true grading must be performed during Page 1of 2
development of the JMF as well as weekly during production. Under this method, the contractor is required to perform "true grading" of the virgin binder on a week!
basis, then check the "blended binder grade" against specifications tolerances. After entering those weekly virgin binder critical temperature test results and the true
grades from the extracted rap, the check of the "blended binder" grade against the specifications in cells J40:143.
&frans
JMF Information Gray cells are general info input Yellow cells are User required values that drive blending charts |
Project Name: Rte 247 Rehab near Mythical Valley
EA (or Project ID): 08-123454 Contractor: HMA Builders Inc.
JMF No. 1922-28c-3cxxX HMA Plant: Hot Mix w/ RAP Inc.
Co/Rte/PM: 08-SBD-247-PM12.3/45.6 QC Manager: John Smith
id : Jane Doe
HMA Type: 3/4" HMA Type A w/ xx%RAP Strikethrough indicates JMF QC Lab: Quality Is Our Business, Inc.
Binder Source: needs to be revised Bid Item # 55
_ *Xta, total asphalt content of HMA from JMF, expressed as a percentage of the tota
% JMF OBC (xta)=>|  [5.80% |neuncet e
% RAP BC (xra)=> / 6_80% *Xra, asphalt content of RAP expressed as a percentage of the total weight of the RAP
Percent RAP (percentage of belt feed) => / 25.00% where RAP% = [(Wt of RAP)/(Wt of Virgin Agg + Wt of RAP)]x100%
RAP Aggregate in the Aggregate Blend =>} V/ function of the above 3 variables where; <= Minimum of 25% or "Max RAP Agg in
Specifications limit this to the lesser of 25% or as determined from)| .23.—10% RAP Agg?t = (11 /xal /UL /xra)/RAP)-1) 12 . 66% c:li:I;:i‘a;:::T:::h:::f(sctm:::lzz
the lowest maximum RPBR value on the blending charts.| [Strikethrough Red font indicates value is too high (exceeds cell 116) in cell H53)
Proposed RAP Pavement Binder Ratio (RPBR)=>| <=A function of JMIF OBC, RAP BC and RAP Agg in Agg%, where; {((RAP Agg%)/(1 )/
) ) Red text is a reminder when this value exceeds 0.25, and that specifications limit material placed in the upper 0.2' to 0.25 (or 25%), 0.40 (40%) in areas below
Maximum allowed in the upper 0.2 feet of HMA 0280 o
(exclusive of OGFC) is 25% and 40% below.|
True Grade Test Data Table
1
Enter Critical Temperature (True Grading) Test Results for Virgin Binder and Extracted binder from RAP. Virgin binder cells are yellow indicating
— contractor selected "NO" above. Contractor
AGING |PROPERTY TEMP RANGE Virgin Binder(°c) | RAP Binder(°C) X )
— ; N plans to perform true grading during JMF and
Original |DSR G*/sin(delta), >1.00 kPa High 70 \ n/a . -
weekly during production to demonstrate
RTFO [DSR G*/sin(delta), >2.20 kPa High 70 \103 . - .
blended binder grade within production
DSR G*sin(delta), < 5,000 kPa f \ . .
Gle iitermediat 32 44 ] tolerances. During weekly production, the
A [ LIS T ST = 22 5 Hblended binder is determined and compared
B el =020 o -20 7 against production tolerances in cells
For Low Temp, enter True Grade values which are 10C Lowest "High"| 70 103 . . -
lower than the test temperature. The plotted low test Highest "Low" 20 7 Immedlately beIOW' When SeIeCtlng YES!
temp will be 10C higher than the True Grade. Checking dUring prOdUCtiOn iS not required,
PG Actual (True Grade) PG 70-20 PG 103+7 .
Equivalent M320 grade PG 7016 unless RAP stockpile augmented
On M320, but not in CT SS Sec 92 /
Specified Binder Grade / Blended Binder Grade / CHECKS on Production HMA Mixture Binder Grade against contract specg/
Projects Specified Binder Grade => PG 70-10 <= The PG Grade selected here populates the horizontal lines on the blending charts.
Pro posed Virgin Bi nder G rade => PG 70-10 <= Per specification, when using RAP exceeding 15%, contractor may bump down one grade. See graphic in cell s19 f}/‘hkely choices” for bumping down a grade.
" N . " <=For High PG Temp, where "RPBR" crosses High Temp blending line. w
=>| R
HMA Mixture Binder Grade” at Proposed RPBR PG 79-12 + w|For Low PG temp, where "RPBR" crosses the highest Low temp blending line.

Critical Temps of
blended binder per L S U Soec Limit Are Critical Temps of Blended
blending charts (°C) ower Spec pper spectimi Binder within Production

Determination of HMA Mixture Binder Grades (critical temperatures).

Where the RPBR (black line) crosses the blending line (blue line) Limit Temp Temp
tolerances.
High Temp Blending Line Crosses Proposed RPBR at Tcrit= 79 79 70 77 Out of Spec Limits
Intermed. Temp Blending Line Crosses Proposed RPBR at Tcrit= 35 AN - 35 34 Out of Spec Limits
Low Test Tem LowGradeTemp (100 |Highest Low Temp
Low Temp Stiffness (S) Crosses Proposed RPBR at Tcrit= -4 -14 12
Low Temp m-value Crosses Proposed RPBR at Tcrit= -2 -12
Calc's for Check on Max Allowable RAP Aggregate in the Aggregate Blend (aka %RAP)
Xta, total asphalt content of HMA from JMF, expressed as a percentage of the total weight of the mix=> 5.80% <= % JMF OBC (X.2)
Xra, asphalt content of RAP expressed as a percentage of the total weight of the RAP=> 6.80% <= % RAP BC (X;a)
=afl f th d f d I d
Lowest Max RPBR from 4 blending Charts=> 0.15 ;mz;nc‘m" of the true grades of virgin and reclaimed rag

a function of the above 3 variables

Max RAP Agg in Agg Blend corresponding to Lowest Max RPBR)‘ 12.66%
o 0

For questions or comments on this blending chart, contact pete.spector@dot.ca.gov, 916-227-7306
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s124973
Callout
Virgin binder cells are yellow indicating contractor selected "NO" above.  Contractor plans to perform true grading during JMF and weekly during production to demonstrate blended binder grade within production tolerances.   During weekly production, the blended binder is determined and compared against production tolerances in cells immediately below.  When selecting YES, checking during production is not required, unless RAP stockpile augmented

s124973
Line

s124973
Callout
Strikethrough indicates JMF needs to be revised

s124973
Rectangle


Spreadsheet Revision Date
Caltrans Blending Chart Check of JMF's using greater than 15% RAP aggregate in the aggregate blend 04121116
EA (or Project ID): 08-123454 © oot
JMF No. 1922-28¢-3CXXX Transportation
Co/Rte/PM: 08-SBD-247-PM12.3/45.6 Sheet 2 of 2

HMA Type: 3/4" HMA Type A w/ xx%RAP

Blending Charts %

&ftrans”

ngh Temperature Blending Chart _.l?le;g\gf;::;gie(g\gh(emp of virgin binder) to 103C (High
(ref fig 11.7, MS-2 7th edition)

70+5C=75C Upper limit of projects specified binder. During

110 production, the combined binder High temp grade tolerance
is 2C higher
100 «= == PG 70-XX, Projects Specified Binder Grade
© 90
3
= 80 r__—_—-——- = == == Min RPBR (=0)
5]
S 70 ,..-.r:f__‘_l ________________________________
60 i +eeeeeMax RPBR (=0.15)
50
g
COQO g ddd N ANANNSgMNONMNNGgIIILIITgNUNINNgOOLOYOITRRRRNG®XRRRGNNDNN | eeseeen Proposed RPBR (0.28), must be greater than or equal to Min
ceee eeee ceee eeee ©° e e ceee ceee ceee eeee eces RPBRandIessthanor,e ual to Max RPBR on this Chart
RPBR (RAP Pavement Binder Ratio) a
H B e Blending Line 32C (Intermediate Temp of virgin binder) to
Intermediate Temperature Blending Chart G e s ey
. (ref fig 11.8, MS-2 7th edition)
15 — = Intermediate Temp 34 C (this is a max temp for JMF and
%0 production, there is no min temp). When %RAP exceeds
15%, subnote d that allows +3C in the Section 92 PG Asphalt]
O35 L e e | ™ e e e N
s 0 Binder table does not apply.
T 30 .
= : o oo eeMaxRPBR (0.16)
5
= 20 s
15 o
10 -
e L L L D T R R LR LR R R L L R R feeeeeee Proposed RPBR (0.28), must be less than or equal to Max
5 RPBR on this chart
0 0.1 0.2 03 0.4 0.5 0.6 0.7 0.8 0.9 1
RPBR (RAP Pavement Binder Ratio)
Low Temperature Stiffness (S) Blending Chart —— Blending Line -12C o 15C. (BBR-S true grades +100)
(ref fig 11.9, MS-2 7th edition)
10 == == 0C, (per the m320 table = specified PG low grade +10C)
5
0
-5C, ( the above temp less 5 C)
-5
o
= -10
2 eesses Max RPBR (=0.44)
5 15
5
-20
25 [T T L L L L feeeens Min RPBR (=0.26). For Low Temp only, RPBR may be less (i.e
to the left)
-30
35 sseeeess Proposed RPBR (0.28)
RPBR (RAP Pavement Binder Ratio)
Low Temperature m-value Blending Chart ,
e Blending Line -10C to 17C. (BBR m-value true grades +10 C)
(ref fig 11.10, MS-2 7th edition)
= == 0C, (per the m320 table = specified PG low grade +10C)
-5, ( the above temp less 5 C)
eesses Max RPBR (=0.37)
-15
-20 esssee Min RPBR (=0.19). For Low Temp only, RPBR may be less
25 (i.e. to the left)
-30
~~~~~~~~~ Proposed RPBR (0.28)
-35
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Example 2a: Here we determine potential options to revise the JMF in Ex#1 where the RPBR exceeded the maximum determined from the blending charts. In this example, the virgin
binder is bumped down a grade from PG 70-10 to PG 64-16. Under the initial assumption that true grading will be used during production, we select NO in cell B2, and enter the true
grades for the virgin PG 64-16, leaving the 70-10 grades unmodified (same RAP stockpile). Using the same JMF BC (which may change) indicates that "Max RAP agg in the Agg
Blend" is 18.57%. With this value, the %RAP (belt feed %) is lowered from 25% to 19.5% which lowers the RAP Agg in Agg Blend to 18.42% (less than 18.57%). In the next example
2b, we will assume the same virgin binder, but use the "Certification Program for Suppliers of Asphalt", which assumes the most conservative critical temps for the virgin PG 64-16.

Caltrans Blending Chart for blending Virgin and RAP Binders (>15% RAP)

Spreadsheet

Select YES if the contractor plans to use the “Certification Program for Suppliers of Asphalt” as a control check of the virgin binder critical temperatures, rather than Revision Date

performing weekly true grade testing of the virgin binder. Selecting YES, auto populates the Virgin Binder critical temperatures in the "True Grade Test Data table" 04/21/16
N O using the most conservative values that correspond to the chosen virgin binder. These assumed values typically require the proposed virgin binder grade (in cell E36) © 2016 California
to be "bumped down" one grade when using RAP Aggregate %g's exceeding 15%. These assumed virgin binder critical temp values must be used during the JMF and Department of

also production. If the RAP pile gets augmented, new true grades of the extracted RAP binder must be determined and used from that point forward. Transportation

Select NO if the contractor plans to perform true grading to determine the critical temperatures of virgin binder. This true grading must be performed during
development of the JMF as well as weekly during production. Under this method, the contractor is required to perform "true grading" of the virgin binder on a week!

basis, then check the "blended binder grade" against specifications tolerances. After entering those weekly virgin binder critical temperature test results and the true
grades from the extracted rap, the check of the "blended binder" grade against the specifications in cells J40:143.

Page 1 0of 2

&frans:
JMF Information Gray cells are general info input Yellow cells are User required values that drive blending charts |
Project Name: Rte 247 Rehab near Mythical Valley
EA (or Project ID): 08-123454 Contractor: HMA Builders Inc.
JMF No. 1922-28c-3cxxX HMA Plant: Hot Mix w/ RAP Inc.
Co/Rte/PM: 08-SBD-247-PM12.3/45.6 QC Manager: John Smith
Resident Engineer: Jane Doe
HMA Type: 3/4" HMA Type A w/ xx%RAP QC Lab: Quality Is Our Business, Inc.
Binder Source: Bid Item # 55
o, _ 0, *Xta, total asphalt content of HMA from JMF, expressed as a percentage of the tota
% JMF OBC (xta)=> 5.80% |ueightof the mix
% Xra)=> 0, *Xra, asphalt content of RAP expressed as a percentage of the total weight of the RAP
. (4
Percent RAP (percentage of belt feed) => 19.50% where RAP% = [(Wt of RAP)/(Wt of Virgin Agg + Wt of RAP)]x100%
RAP Aggregate in the Aggregate Blend =>} function of the above 3 variables where; <= Minimum of 25% or "Max RAP Agg in
Specifications limit this to the lesser of 25% or as determined from| 18_42% RAP Aggtt = (1 /ural-11/[(1 /ural/RAPY)-1) 18_ 57% CaglizI;::\a;:::?:::h:::f(sct:li:::I::l
the lowest maximum RPBR value on the blending charts.| “ trikethrough Red font indicates value is too high (exceeds cell 116) in cell H53)
Proposed RAP Pavement Binder Ratio (RPBR)=>| <=A functidmef JMF OBC, RAP BC and RAP Agg in Agg%, where; {((RAP Agg%)/(1 )/
) ; Red text is a reMWager when this value exceeds 0.25, and that specifications limit material placed in the upoer 0.2' 0 0.25 (or 25%), 0,40 (40%) in areas below
Maximum allowed in the upper 0.2 feet of HMA 0.218 ﬂ“" b |
(exclusive of OGFC) is 25% and 40% below. Percent RAP ( elt
True Grade Test Data Table feed %) lowered
Enter Critical Temperature (True Grading) Test Results for Virgin Binder and Extracted binde P. u ntll resu ltl ng
RPBR and Max
AGING  [PROPERTY TEMP RANGE Virgin Binder(°c) RAP Binder(°C) JBined .
Original |DSR G*/sin(delta), >1.00 kPa High 67 n/a RAP Ag g In Agg
RTFO  |DSR G*/sin(delta), >2.20 kPa High 68 103 Blend values are
DSR G*sin(delta), < 5,000 kPa Intermediate 28 44 |eSS than maximum
PAV BBR Stiffness, "S" < 300MmP: Low o
: 2 5 allowed
BBR m-value, m > 0.300 Low -23 7
For Low Temp, enter True Grade values which are 10C Lowest "High"| 67 103 Date:
lower than the test temperature. The plotted low test Highest "Low" -18 7
temp will be 10C higher than the True Grade.
PG Actual (True Grade) PG 67-18 PG 103+7
Equivalent M320 grade PG 64-16
On M320 Table and in CT SS Sec 92
Specified Binder Grade / Blended Binder Grade / CHECKS on Production HMA Mixture Binder Grade against contract specs.
Projects Specified Binder Grade => PG 70-10 <= The PG Grade selected here populates the horizontal lines on the blending charts.
irei i = PG 64-16 <= Per specification, when using RAP exceeding 15%, contractor may bump down one grade. See graphic in cell s19 for "likely choices” for bumping down a grade.
ropose Irgin Binder Grade =>
" N N " <=For High PG Temp, where "RPBR" crosses High Temp blending line.
HMA Mixture Binder Grade" at P d RPBR =>| PG 75-13
Ixture Binder Grade” at Fropose «|For Low PG temp, where "RPBR" crosses the highest Low temp blending line.
Critical Temps of Production Tolerance Check
I . . . blended bind. iti
Determination of HMA Mixture Binder Grades (critical temperatures). bI:::di(: cll:]a:sr :,),Z; Lower Spec | Upper Spec Limit Ar;ﬁ:g::ii:sir:';i:;fclteir;:w
Where the RPBR (black line) crosses the blending line (blue line) € Limit Temp Temp
tolerances.
High Temp Blending Line Crosses Proposed RPBR at Tcrit= 75 75 70 77 OK
Intermed. Temp Blending Line Crosses Proposed RPBR at Tcrit= 31 . 31 n/a 34 OK
Low Test Temp Low Grade Temp (-10C)

~JHighest Low Tem
Low Temp Stiffness (S) Crosses Proposed RPBR at Tcrit= -3 -13
Low Temp m-value Crosses Proposed RPBR at Tcrit= -6 -16

Calc's for Check on Max Allowable RAP Aggregate in the Aggregate Blend (aka %RAP)

Xta, total asphalt content of HMA from JMF, expressed as a percentage of the total weight of the mix=> 5.80% <= % JMF OBC (X.2)

Xra, asphalt content of RAP expressed as a percentage of the total weight of the RAP=> 6.80% <= % RAP BC (X;a)

<=afunction of the true grades of virgin and reclaimed ra
Lowest Max RPBR from 4 blending Charts=> 0.22 binder ¢ ¢ '

Max RAP Agg in Agg Blend corresponding to Lowest Max RPBR)‘ 18.57%
. 0

a function of the above 3 variables

For questions or comments on this blending chart, contact pete.spector@dot.ca.gov, 916-227-7306
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s124973
Callout
Percent RAP (belt feed %) lowered until resulting RPBR and Max RAP Agg in Agg Blend values are less than maximum allowed

s124973
Line


Caltrans Blending Chart Check of JMF's using greater than 15% RAP aggregate in the aggregate blend
EA (or Project ID): 08-123454
JMF No. 1922-28c-3cxxx
Co/Rte/PM: 08-SBD-247-PM12.3/45.6
HMA Type: 3/4" HMA Type A w/ xx%RAP

Blending Charts

Spreadsheet Revision Date
04/21/16
© 2016 California
Department of
Transportation

Sheet 2 of 2

&ftrans”

High Temperature Blending Chart
(ref fig 11.7, MS-2 7th edition)

T critical, C
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RPBR (RAP Pavement Binder Ratio)

———Blending Line 67C (High temp of virgin binder) to 103C (High
Temp of RAP binder)

70+5C=75C Upper limit of projects specified binder. During
production, the combined binder High temp grade tolerance

is 2C higher
= = PG 70-XX, Projects Specified Binder Grade

= = = Min RPBR (=0.09)

«eeseeMaxRPBR (=0.22)

--------- Proposed RPBR (0.218), must be greater than or equal to Min
RPBR and less than or equal to Max RPBR on this Chart

Intermediate Temperature Blending Chart
(ref fig 11.8, MS-2 7th edition)

e Blending Line 28C (Intermediate Temp of virgin binder) to
44C (Intermediate Temp of RAP binder)

50
a5 — = Intermediate Temp 34 C (this is a max temp for JMF and
%0 production, there is no min temp). When %RAP exceeds
15%, subnote d that allows +3C in the Section 92 PG Asphalt
L Il e e e I AL O 3 B T Py e e e T e S e e S A .
s Binder table does not apply.
T 30
£ 25 e oo eeMaxRPBR (=0.37)
5
= 20
15
10
~~~~~~~~~ Proposed RPBR (0.218), must be less than or equal to Max
5 RPBR on this chart
0 0.1 0.2 03 0.4 0.5 0.6 0.7 0.8 0.9 1
RPBR (RAP Pavement Binder Ratio)
Low Temperature Stiffness (S) Blending Chart —— Blending Line -8C to 15C. (88RS true gradles +100)
(ref fig 11.9, MS-2 7th edition)
10 == == 0C, (per the m320 table = specified PG low grade +10C)
5
0
-5, ( the above temp less 5 C)
-5 /
o
= -10
2 eesses Max RPBR (=0.34)
£ 15
2
-20
D Y S NI I CYTTSY Min RPBR (=0.14). For Low Temp only, RPBR may be less (i.e
to the left)
-30
35 seeesees Proposed RPBR (0.218)
RPBR (RAP Pavement Binder Ratio)
Low Temperature m-value Blending Chart ,
= Blending Line -13C to 17C. (BBR m-value true grades +10 C)
(ref fig 11.10, MS-2 7th edition)
NTEX NSO®R NTO®R NTOR . NTOR NTO® . NTOR NTOO NTO® NTe®
CQOQQOdHdAddNNNNNMNMMNMOMNNILTIIIINNNNNOOOOUORNRMNRR®NENKRRNND NN == == 0C, (per the m320 table = specified PG low grade +10C)
©3333556506300000000000000000000c0c000c0c0000883a3a
10
5
0 -5C, ( the above temp less 5 C)
-5
-10 / +eseee Max RPBR (=0.43)
-15
-20 «+eeee Min RPBR (=0.27). For Low Temp only, RPBR may be less
25 (i.e. to the left)
-30
~~~~~~~~~ Proposed RPBR (0.218)
-35
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Example #2b. In the previous example, when we chose the option to perform true grading of the binder on a weekly basis, the max RAP % was 19.5%. Here we determine the amount
under the assumption that we will use the Certification Program for Suppliers of Asphalt to control the virgin binder. Selecting YES in cell B2 populates the virgin binder grade with
the most conservative values (note these cells are not yellow, they are populated automatically based on the "Proposed Virgin Binder Grade"). Using the previous examples RAP Binder
critical temps, limits the RAP Agg in Agg Blend to 14.35%, which is less than 15%. In this example, per specications, the contractor could use 15.2% percent RAP (%belt feed), which
corresponds to 14.35% RAP aggregate in the aggregate blend (which is less than 15%), therefore not be required to use blending charts.

Caltrans Blending Chart for blending Virgin and RAP Binders (>15% RAP)
- — N . = Spreadsheet
Select YES if the contractor plans to use the “Certification Program for Suppliers of Asphalt” as a control check of the virgin binder critical temperatures, rather than Revision Date
performing weekly true grade testing of the virgin binder. Selecting YES, auto populates the Virgin Binder critical temperatures in the "True Grade Test Data table" 04/21/16
YES using the most conservative values that correspond to the chosen virgin binder. These assumed values typically require the proposed virgin binder grade (in cell E36) © 2016 California
to be "bumped down" one grade when using RAP Aggregate %g's exceeding 15%. These assumed virgin binder critical temp values must be used during the JMF and Department of
also production. If the RAP pile gets augmented, new true grades of the extracted RAP binder must be determined and used from that point forward. Transportation
Select NO if the contractor plans to perform true grading to determine the critical temperatures of virgin binder. This true grading must be performed during Page 1of 2
development of the JMF as well as weekly during production. Under this method, the contractor is required to perform "true grading" of the virgin binder on a week!
basis, then check the "blended binder grade" against specifications tolerances. After entering those weekly virgin binder critical temperature test results and the true
grades from the extracted rap, the check of the "blended binder" grade against the specifications in cells J40:143.
&frans:
JMF Information Gray cells are general info input Yellow cells are User required values that drive blending charts |
Project Name: Rte 247 Rehab near Mythical Valley
EA (or Project ID): 08-123454 Contractor: HMA Builders Inc.
JMF No. 1922-28c-3cxxX HMA Plant: Hot Mix w/ RAP Inc.
Co/Rte/PM: 08-SBD-247-PM12.3/45.6 QC Manager: John Smith
Resident Engineer: Jane Doe
HMA Type: 3/4" HMA Type A w/ xx%RAP QC Lab: Quality Is Our Business, Inc.
Binder Source: Bid Item # 55
o, _ 0, *Xta, total asphalt content of HMA from JMF, expressed as a percentage of the tota
% JMF OBC (xta)=> 5.80% |ueightof the mix
% RAP BC (xra)=> 6_80% *Xra, asphalt content of RAP expressed as a percentage of the total weight of the RAP
Percent RAP (percentage of belt feed) => 15.20% where RAP% = [(Wt of RAP)/(Wt of Virgin Agg + Wt of RAP)]x100%
RAP Aggregate in the Aggregate Blend =>} function of the above 3 variables where; <= Minimum of 25% or "Max RAP Agg in
Specifications limit this to the lesser of 25% or as determined from)| 14_ 3 1% RAP Agg?t = (11 /xal /UL /xra)/RAP)-1) 14_ 35% CaglizIfer::\a;l:::T:::h:::f(sct:li:::I::
the lowest maximum RPBR value on the blending charts.| [Strikethrough Red font indicates value is too high (exceeds cell 116) in cell H53)
Proposed RAP Pavement Binder Ratio (RPBR)=>| <= function of IMF OBC, RAP BC and RAP Agg in Agg%, where; RPBR=[((RAP Age%%)/(1-X ) )1/ )
Maximum allowed in the upper 0.2 feet of HMA 0.169 ;.e;.text is a reminder when this value exceeds 0.25, and that specifications limit material placed in the upper 0.2' to 0.25 (or 25%), 0.40 (40%) in areas below
(exclusive of OGFC) is 25% and 40% below.|

True Grade Test Data Table

Enter Critical Temperature (True Grading) Test Results for Virgin Binder and Extracted binder from RAP. V||"g|n Binder bumped down

AGING _|PROPERTY TEMP RANGE Virgin Binder("c) RAP Binder('q) |ONE J rade.
Original |DSR G*/sin(delta), >1.00 kPa High 69 n/a
RTFO [DSR G*/sin(delta), >2.20 kPa High 69 103 YES above uses the mOSt
RO o) 500 |mermedate 2 S_“__lconservative virgin binder true
PAV  |BBR Stiffness, "S" < 300mPa Low -16
BBR mvalue, m3 0300 o o , 9 rades. Because YE.S was
IFor Lov:]Temhp, enter True Grade V:Lueslwhic: Iare 10C Lowest "Hikhy 2 / Se | eCted y th e prOd u Ctl On
lower than the test lemperature. e pl lotted low test Highest "Low" -16 7 .
[temp will be 10C higher than the True Grade. to | e ran Ce Check be | OW IS not
PG Actual (True Grade) PG 69-16 PG 103+7 .
Equivalent M320 grade 7G 64-16 necessary on a Week|y basis.

On M320 Table and in CJ4% Sec 92

Specified Binder Grade / Blended Binder Grade / CHECKS on Productjeh HMA Mixture Binder Gr3

RAP agg binder properties

PrOjectS Specified Binder Grade => PG 70-10 %Gmde selected here populates the horizontal lines on the bl unChanged from preVIOUS
/
proposed Virgin Binder Grade => | PG 64-16 I |<= Per specification, when using RAP exceeding 15%, contractor may b exam ples
/
" N N " _ <=For High PG Temp, where "RPBR" crosses High Temp blending line. ¢
HMA Mixture Binder Grade" at Proposed RPBR => PG75-12 + w|For Low PG temp, where "RPBR" crosses the highest Low temp blending line.
Critical Temps of Production Tolerance Check
blended binder per Are Critical Temps of Blended

Determination of HMA Mixture Binder Grades (critical temperatures). blending charts (°C) Lower Spec | Upper Spec Limit

Bind ithin Producti
Where the RPBR (black line) crosses the blending line (blue line) Limit Temp Temp nder within Froduction

tolerances.
High Temp Blending Line Crosses Proposed RPBR at Tcrit= 75 75 70 77 oK
Intermed. Temp Blending Line Crosses Proposed RPBR at Tcrit= 31 AN . 31 n/a 34 oK
Low Temp Stiffness (S) Crosses Proposed RPBR at Tcrit= -2 -12
Low Temp m-value Crosses Proposed RPBR at Tcrit= -2 -12

Calc's for Check on Max Allowable RAP Aggregate in the Aggregate Blend (aka %RAP)

Xta, total asphalt content of HMA from JMF, expressed as a percentage of the total weight of the mix=> 5.80% <= % JMF OBC (X.2)
Xra, asphalt content of RAP expressed as a percentage of the total weight of the RAP=> 6.80% <= % RAP BC (X;a)
<= afunction of the true grades of virgin and reclaimed ragp

Lowest Max RPBR from 4 blending Charts=> 0.17
Max RAP Agg in Agg Blend corresponding to Lowest Max RPBR]
gg in Agg ponding )‘ 14.35%

binder

a function of the above 3 variables

For questions or comments on this blending chart, contact pete.spector@dot.ca.gov, 916-227-7306
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s124973
Callout
Virgin Binder bumped down one grade.
 
YES above uses the most conservative virgin binder true grades.  Because YES was selected, the production tolerance check below is not necessary on a weekly basis.  RAP agg binder properties unchanged from previous examples.

s124973
Line

s124973
Rectangle

s124973
Line

s124973
Rectangle


Caltrans Blending Chart Check of JMF's using greater than 15% RAP aggregate in the aggregate blend
EA (or Project ID): 08-123454

Spreadsheet Revision Date
04/21/16
© 2016 California
Department of

JMF No. 1922-28c-3cxxx Transportation
Co/Rte/PM: 08-SBD-247-PM12.3/45.6 Sheet 2 of 2
HMA Type: 3/4" HMA Type A w/ xx%RAP *
Blending Charts Gfrans-
H A = Blending Line 69C (High temp of virgin binder) to 103C (High
High Temperature Blending Chart T e bindon
(ref fig 11.7, MS-2 7th edition) 70+5C=75C Upper limit of projects specified binder. During
110 production, the combined binder High temp grade tolerance
is 2C higher
100 == == PG 70-XX, Projects Specified Binder Grade
© 90
3
= = = = Min RPBR (=0.03)
5]
[ ettt sufinfisiiotfiihustiofisfusfir il St il st niiefies st i shustire il it
«eseseMaxRPBR (=0.17)
g
SO S NANNAGNMMNMSYIITICUNUNSYRVESRERNRSRRRRGAAND feewenems Proposed RPBR (0.169), must be greater than or equal to Min
cee ceee eeee ©° e e ceee ceee ceee eeee eces RPBR and less than or equal to Max RPBR on this Chart
RPBR (RAP Pavement Binder Ratio)
H B e Blending Line 28C (Intermediate Temp of virgin binder) to
Intermediate Temperature Blending Chart G s ey
. (ref fig 11.8, MS-2 7th edition)
15 — = Intermediate Temp 34 C (this is a max temp for JMF and
%0 production, there is no min temp). When %RAP exceeds
15%, subnote d that allows +3C in the Section 92 PG Asphalt]
O 35 N
-~ Binder table does not apply.
T 30
£ 25 oo MaxRPBR (=0.37)
s
= 20
15
10
~~~~~~~~~ Proposed RPBR (0.169), must be less than or equal to Max
5 RPBR on this chart
0 0.1 0.2 03 0.4 0.5 0.6 0.7 0.8 0.9 1
RPBR (RAP Pavement Binder Ratio)
Low Temperature Stiffness (S) Blending Chart —— Blending Line -6C to 15C. (88R-S true gradles +100)
(ref fig 11.9, MS-2 7th edition)
10 == == 0C, (per the m320 table = specified PG low grade +10C)
5
0
-5C, ( the above temp less 5 C)
-5
o
= -10
2 eesses Max RPBR (=0.28)
5 15
z
-20
25 [T T T L L L L L feeeens Min RPBR (=0.05). For Low Temp only, RPBR may be less (i.e.
to the left)
-30
-35 «sseeeee Proposed RPBR (0.169)
RPBR (RAP Pavement Binder Ratio)
Low Temperature m-value Blending Chart ,
= Blending Line -6C to 17C. (BBR m-value true grades +10 C)
(ref fig 11.10, MS-2 7th edition)
Ntem M@ Nt ee NS ew NS em NSem Ngee NToo  Ngen Nwew
QOO Hddddd AN ANANANNMMONMNMNMIELIIINNOHININOOYOYONRNNRRRO®OXRXRX NN N A N == == 0C, (per the m320 table = specified PG low grade +10C)
52885835 333538338283822222333333882288582255555538283828332222.
10 :
5 i
0 i -5 C, ( the above temp less 5 C)
-5
10 eeeees Max RPBR (=0.26)
-15
-20 esssee Min RPBR (=0.05). For Low Temp only, RPBR may be less
25 (i.e. to the left)
-30
~~~~~~~~~ Proposed RPBR (0.169)
-35
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Example 2¢: To allow a higher percentage RAP be used than in the previous examples, in this example, the virgin binder is dropped two grades from a PG 70-10 to a PG 58-22.
"YES" was selected in cell B2 to indicate that the COC program will be used to control the virgin binder. Selecting YES replaces the virgin binder true grades with the most
conservative values for PG 58-22. As shown in this example, bumping down two grades allows a RAP belt feed % of up to 26%, resulting in an RPBR of 0.292, which exceeds 0.25
limitation for HMA in the upper 0.2 of layer thickness, but is less than the 0.40 limitation for HMA below the upper 0.2°. The RAP belt feed % has to be lowered to 22.3% to
prevent the RPBR from exceeding 25% (not shown in this example).

Caltrans Blending Chart for blending Virgin and RAP Binders (>15% RAP)

== Is contractor choosing to not true grade the virgin binder?

Spreadsheet
Select YES if the contractor plans to use the “Certification Program for Suppliers of Asphalt” as a control check of the virgin binder critical temperatures, rather than Relz/ision Date
YES performing weekly true grade testing of the virgin binder. Selecting YES, auto populates the Virgin Binder critical temperatures in the "True Grade Test Data table" 04/21/16
using the most conservative values that correspond to the chosen virgin binder. These assumed values typically require the proposed virgin binder grade (in cell E36) © 2016 california
to be "bumped down" one grade when using RAP Aggregate %g's exceeding 15%. These assumed virgin binder critical temp values must be used during the JMF and ?::"‘;:::::I::‘
also production. If the RAP pile gets augmented, new true grades of the extracted RAP binder must be determined and used from that point forward.
Select NO if the contractor plans to perform true grading to determine the critical temperatures of virgin binder. This true grading must be performed during Page 10f2

when determining the "blended binder grade". Under this method, during production the contractor is required to perform "true grading" of the virgin binder on a

development of the JMF as well as weekly during production. weekly testing of the virgin binder, for both the JMF and use true grades of the proposed virgin binder
weekly basis, and check the "blended binder grade" against specifications tolerances. After entering those weekly test results and the true grades from the extracted i

rap, the check of the "blended binder" grade is this sheet in cells J39:J43 . Efrans
JMF Infofmation Gray cells are general info input Yellow cells are User required values that drive blending charts |
Project Name: Rte 247 Rehab near Mythical Valley 1
EA (or Project ID): 08-123454 Contractor: HMA Bui| ADOVE 025, therefore HMA
JMF No. 1922-28c-3cxxx HMA Plant: Hot Mix

Co/Rte/PM: 08-SBD-247-PM12.3/45.6 QC Manager:

with this RAP can't be used
e et iy IN UPpPEr 0.20" of layer, but
=/ OK below upper 0.20' of

HMA Type: 3/4" HMA Type A w/ xx%RAP

Binder Source:

*Xta, total asphalt content of HMA from JMF, expressed as a perd
[ = 0,
% JMF OBC (xta)=>|  5.80% |sontortmemn layer
% RAP BC (xra)=> 6_80% *Xra, asphalt content of RAPypéssed as a percentage of the total weight of the RAP |
Percent RAP (percentage of belt feed) => 26.00% where RAP% = [(W%P)I(Wt of Virgin Agg + Wt of RAP)]x100%
RAP Aggregate in the Aggregate Blend => f:::t;:n ::fh[:labov) 1]\;[alr(ilal;les ;;::L;) Y := N:Inirr:’um :v zs:, or:Maxr:AP Aii:‘k
Secifications limit this to the lesser of 25% or as determined from)| 24_ 67% o= ° . vaglie fer:ma;e::Tngo:ha:::f(sCalc:helow
the lowest maximum RPBR value on the blending charts.| [Strikethrgdgh Red font indicates value is too high (exceeds cell 116) in cell H53)
Proposed RAP Pavement Binder Ratio (RPBR)=>| A function of JMIF OBC, RAP BC and RAP Ags in Agg%, where; RPBR=[((RAP Agg2%)/(1-Xral x(Xra)x(1-Xta\/Xta
Maximum allowed in the upper 0.2 feet of HMA 0.292 !ﬁ ;Ie;.text is a reminder when this value exceeds 0.25, and that specifications limit material placed in the upder 0.2' to 0.25 (or 25%), 0.40 (40%) in areas below
(exclusive of OGFC) is 25% and 40% below.|
True Grade Test Data Table \

Epter Critical Temperature (True Grading) Test Results for Virgin Binder and Extracted binder from RAP.

AGING |PROPERTY TEMP RANGE Virgin Binder(°c) RAP Binder(°C) |Binder Proy
Original |DSR G*/sin(delta), >1.00 kPa High 63 n/a Th Y u g h M ax RAP
RIEQ _[DSR G*/sin(delta), >2.20 kPa High - - Ag gimn Agg Blend

Bumped down tWO  fosemeerar=smootr—frrermemmre 2 “ calculated below
grades and BBR Stiltyess, 5" < 0owpa tow . 5 as 25.32%,
selected YES B8 malud\m 0300 oy 22 7 specifications limit

p, enter True Grade'\alues which are 10C Lowest "High"| 63 103 .
a b Ove e test lemperatur:&goned low test Highest "Low” 2 7 th I S to 2 5 %

10C higher than the True\Grade.

PG \ Actual (True Grade) PG 63-22 PG 103+7
Equivalent M320 grade PG 58-22

On M320 Table and in CT SS Sec 92

Specified Binder Grade / Blended Binder G\de / CHECKS on Production HMA Mixture Binder Grade against contract sg/ecs.

Projects Specified Binder Grade =>\\\ PG 70-10 <= The PG Grade selected here populates the horizontal lines on the blending charts. /
-
Pro posed Virgin Binder Grade => - <= Per specification, when using RAP exceeding 15%, contractor may bump down one grade. See graphic in ce\%Q for "likely choices” for bumping down a grade.
. . " =For High PG T , where "RPBR" High T blending line.
"HMA Mixture Binder Grade" at Proposed RPBR =>| PG 75-14 <=ror Hig emp, w e”re Y crosses ',g emp blending ne -
+ w|For Low PG temp, where "RPBR" crosses the highest Low temp blending line.
Critical Temps of Prodllction Tolerance Check
I . . . blended bind. iti
Determination of HMA Mixture Binder Grades (critical temperatures). bI:::dien c::‘a:sr FZ; Lower Spec | Upper Spkc Limit Ar;ﬁ:g::ii:sir:';i:;il:r;:‘ad
Where the RPBR (black line) crosses the blending line (blue line) € Limit Temp Tefmp
tolerances.
High Temp Blending Line Crosses Proposed RPBR at Tcrit= 75 75 70 /77 oK
Intermed. Temp Blending Line Crosses Proposed RPBR at Tcrit= 28 AN S 28 n/a oK
Low Test Tem LowGradeTemp (100 |Highest Low Temp
Low Temp Stiffness (S) Crosses Proposed RPBR at Tcrit= -4 -14 1
Low Temp m-value Crosses Proposed RPBR at Tcrit= -4 -14 B
Calc's for Check on Max Allowable RAP Aggregate in the Aggregate Blend (aka %RAP) /
Xta, total asphalt content of HMA from JMF, expressed as a percentage of the total weight of the mix=> 5.80% /<= % JMF OBC (x.,)
Xra, asphalt content of RAP expressed as a percentage of the total weight of the RAP=> 6.80% <= % RAP BC (x,,)
Lowest Max RPER from 4 blending Charts=> 0.30 \ ;;::t:ncllon of the true grades of virgin and reclaimed rag

Max RAP Agg in Agg Blend corresponding to Lowest Max RPBR)

25.32% |a function of the above 3 variables

For questions or comments on this blending chart, contact pete.spector@dot.ca.gov, 916-227-7306
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s124973
Rectangle

s124973
Rectangle

s124973
Rectangle

s124973
Callout
Bumped down two grades and selected YES above

s124973
Rectangle

s124973
Line

s124973
Line

s124973
Callout
Though Max RAP Agg in Agg Blend calculated below as 25.32%, specifications limit this to 25%

s124973
Rectangle

s124973
Line

s124973
Callout
Above 0.25, therefore HMA with this RAP can't be used in upper 0.20' of layer, but OK below upper 0.20' of layer


Spreadsheet Revision Date
Caltrans Blending Chart Check of JMF's using greater than 15% RAP aggregate in the aggregate blend o e
alifornia
EA (or Project ID): 08-123454 Department of
JMF No. 1922-28c-3cxxx Transportation
Co/Rte/PM: 08-SBD-247-PM12.3/45.6 Sheet 2 of 2
HMA Type: 3/4" HMA Type A w/ xx%RAP E
Blending Charts Gfrans-
H A == Blending Line 63C (High temp of virgin binder) to 103C (High
High Temperature Blending Chart T e binden

(ref fig 11.7, MS-2 7th edition)

70+5C=75C Upper limit of projects specified binder. During
production, the combined binder High temp grade tolerance
is 2C higher

= = PG 70-XX, Projects Specified Binder Grade

= = = Min RPBR (<0.18)

“ e eeeeMaxRPBR (=0.3)
-

< oS
o<
S o

T critical, C

0.46

VWM N T ORONTORNNTON0NTORNNT O 0
Sounng LYY ghhRng®XRR g 0NN e Proposed RPBR (0.292), must be greater than or equal to Min
c®°cocococ”cccoc“cdcdoco  ©ocooo oo oo

RPBR and less than or equal to Max RPBR on this Chart

o

RPBR (RAP Pavement Binder Ratio)

Intermediate Temperature Blending Chart e e by et
(ref fig 11.8, MS-2 7th edition)

50
15 = == Intermediate Temp 34 C (this is a max temp for JMF and
40 production, there is no min temp). When %RAP exceeds
15%, subnote d that allows +3C in the Section 92 PG Asphalt;
© 35 N
- Binder table does not apply.
T 30
P e oo MaxRPBR (=0.54)
5
= 20
15
10
~~~~~~~~~ Proposed RPBR (0.292), must be less than or equal to Max
5 RPBR on this chart
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
RPBR (RAP Pavement Binder Ratio)
Low Temperature Stiffness (S) Blending Chart —— Blending Line -12C o 15C. (BBR-S true grades +100)
(ref fig 11.9, MS-2 7th edition)
10 re == == 0C, (per the m320 table = specified PG low grade +10C)
5
0
-5, ( the above temp less 5 C)
-5
o
= -10
2 eesses Max RPBR (=0.44)
5 15
2
-20
25 [ T T L L L L L L L Lt feeeens Min RPBR (=0.26). For Low Temp only, RPBR may be less (i.e.
to the left)
-30
-35

+seeees Proposed RPBR (0.292)
RPBR (RAP Pavement Binder Ratio)

Low Temperature m-value Blending Chart
(ref fig 11.10, MS-2 7th edition)

——— Blending Line -12C to 17C. (BBR m-value true grades +10 C)

NTWOVO NTOR _ NTVO NTOR NTOR NTOO  NTOR  NT WO }
NANRANNANOANLIIIIINNNNNOODBBORRKNRNRNR©QNX0XRR NN DA A = = 0, (per the m320 table = specified PG low grade +10C)
CCC0C0000O0O0O0O0C0C0O00000000C0O0C0C0CCS000000G0G0GC O o

-5.C, (the above temp less 5 C)

-10 / ++eees Max RPBR (=0.41)

-15
-20 ++ee+s Min RPBR (=0.25). For Low Temp only, RPBR may be less
s (i.e. to the left)
-30
~~~~~~~~~ Proposed RPBR (0.292)
-35
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