APPENDIX A - DRAFT PERFORMANCE-BASED MIX DESIGN
PROCEDURE FOR POROUS FRICTION COURSE



Standard Practice for Permeable Friction Course (PFC)
Mix Design

AASHTO Designation: AASH I

SCOPE

This standard covers the mix design procedure of permeable friction course (PFC) asphalt mixtures.

This standard may involve hazardous materials, operations and equipment. This standard does not purport
to address all of the safety problems associated with its use. It is the responsibility of the user of this
standard to establish appropriate safety and health practices and determine the applicability of regulatory
limitations prior to use.
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2. REFERENCED DOCUMENTS

21  AASHTO Standards.
e M231, Weighing Devices Used in the Testing of Materials

e M 320, Performance-Graded Asphalt Binder

e M323, Superpave Volumetric Mix Design

¢ R 30, Mixture Conditioning of Hot Mix Asphalt (HMA)

e T 209, Theoretical Maximum Specific Gravity (Gmm) and Density of Hot Mix Asphalt (HMA)
e T 245, Resistance to Plastic Flow of Asphalt Mixtures Using Marshall Apparatus

e T 283, Resistance of Compacted Asphalt Mixtures to Moisture-Induced Damage

e T 305, Determination of Draindown Characteristics in Uncompacted Asphalt Mixtures

e T 312, Preparing and Determining the Density of Asphalt Mixture Specimens by Means of the
Superpave Gyratory Compactor

e T 324, Hamburg Wheel-Track Testing of Compacted Hot Mix Asphalt

e T 331, Bulk Specific Gravity (Gmb)and Density of Compacted Hot Mix Asphalt (HMA) Using Automatic
Vacuum Sealing Method

e TP 108, Determining the Abrasion Loss of Asphalt Mixtures Specimens

2.2 ASTM Standards.
e D 3549, Standard Test Method for Thickness or Height of Compacted Bituminous Paving Mixture
Specimens

3. TERMINOLOGY

3.1 Definitions:
3.1.1 asphalt binder — an asphalt-based cement that is produced from petroleum residue either with or
without the addition of modifiers.
3.1.2 abrasion loss — the loss of mass from an asphalt mixture specimen under the effect of abrasion.

3.1.3 air voids — the total volume of the small pockets of air between the coated aggregate particles
throughout a compacted paving mixture, expressed as a percent of the total volume of the
compacted specimen.

3.1.4 draindown — separation of asphalt binder from the coarse aggregate structure, generally during storage or
transportation.

3.1.5 permeable friction course (PFC) — a special type of porous asphalt mixture with air voids of at least
18 percent used for reducing hydroplaning and potential for loss of friction resistance, where the function
of the mixture is to provide a free-draining layer that permits surface water to migrate  laterally through
the mixture to the edge of the pavement.



3.1.6 stabilizing additive — materials used to minimize draindown of asphalt during transport and

placement of PFC, which may include fibers, polymers, crumb rubber, or a combination of these
additives.

4.1

SUMMARY OF PRACTICE

Aggregates, asphalt binder, and stabilizing additives are selected that meet specification values. Trial
aggregate blend gradations and compacted using trial binder contents in order to evaluate the performance
of the trial mixes. Once the trial mix testing is completed, the optimum asphalt binder content is selected
based on meeting minimum air void requirements, maximum abrasion loss, minimum shear strength, and
mixture permeability. The abrasion loss, from TP 108, is an indicator of the durability of the mixture. The
designed mixture is then evaluated for resistance to moisture susceptibility, resistance to rutting, and
draindown. An optional test for cracking resistance is also provided.

5.1

SIGNIFICANCE AND USE

The procedure described in this practice is used to design permeable friction course mixtures that will
provide good performance in terms of permeability and durability.

6.1

6.2

6.3

6.4

MATERIALS SELECTION

Select aggregates that meet the quality requirements of Superpave mixtures for the appropriate traffic
category based on M 323.

Asphalt Binder — Performance-graded asphalt binders meeting the requirements of M 320 are selected
based on the project climate and traffic conditions. Because of the relatively high binder contents and open
graded structure of the aggregate, a stiff asphalt binder is needed to ensure durability. Therefore, for high-
volume roadways or pavements with slow to standing traffic, select the asphalt binder high-temperature
grade two grades higher than the asphalt binder grade required for the climate. (See Note 1) Select the
high-temperature binder grade one grade higher than the climatic grade for all other roadways.

Note 1 — Some southern states successfully use a PG 76 asphalt binder for high-volume roadways (which is
only one grade higher).

Stabilizing Additive — Stabilizing additives may be needed to prevent draindown of asphalt binder from the
coarse aggregate skeleton during transportation and placement. Stabilizing additives such as cellulose fiber,
mineral fiber, crumb rubber, and polymers have been used to minimize draindown potential.

Design Gradaion — In order to provide the high level of permeability desirable with permeable friction
courses, an aggregate gradation having a very open gradation is needed. Table 1 includes the specific
gradation ranges.

Table 1 — PFC Gradation Specification Bands

Nominal Maximum Aggregate Size - % Passing
9.5 mm (3/8in.) 12.5 mm (1/2in.) 19.0 mm (3/4in.)
Sieve Size Min Max Min Max Min Max

25 mm (1in.) 100

19 mm (3/4 in.) 100 85 100
12.5 mm (1/2in.) 100 80 100 55 70
9.5 mm (3/8in.) 85 100 35 60

4.75 mm (No. 4) 20 30 10 25 10 25
2.36 mm (No. 8) 5 15 5 10 5 10
0.075 mm (No. 200) 2 8 2 8 2 8

7.

MIX DESIGN PROCEDURE

71

Select Trial Gradation — Select a trial gradation to fall within one of the master specification ranges shown in
Table 1. Select gradation depending on the primary objective for the mix. Use coarse gradations for
permeability and rutting resistance, fine gradation for noise reduction and with high 0.075 mm (No. 200)
percent passing for improved durability. These trial gradations are obtained by adjusting the amount of fine
and coarse aggregates in each blend, or by adding mineral filler, if needed.



7.2

7.3

7.4

Prepare Aggregates — Dry the aggregates to be used in the mixture to a constant mass and separate by dry-
sieving into individual size fractions. (See Note 2) The following size fractions are recommended.
e 19.0to 12.5 mm (3/4 to 1/2in.)

e 12510 9.5 mm (1/21t0 3/8in.)

* 9.5t04.75 mm (3/8 in to No. 4)

4.75 to 2.36 mm (No. 4 to No. 8)

e 2.36 mm (No. 8) to 0.075 mm (No. 200)
e Passing 0.075 mm (No. 200)

Note 2 — Bulk batching of samples based on aggregate blend proportions may be permissible if the gradations
used are representative of those in the stockpile.

Select Trial Binder Contents — For most aggregates with virgin and polymer modified binders, use binder
contents of 5.0%, 6.0%, and 7.0% by weight of total mix. For GTR modified binder, use 6.0%, 7.0%, and 8.0%
binder content by weight of total mix.

Prepare Samples for Trial Blend — Prepare a total of fourteen samples: two samples at the middle asphalt
content for determining theoretical maximum specific gravity, Gmm, of uncompacted samples according to T
209; two samples at each asphalt content for determining the air void content of compacted specimens,
permeability, and shear strength; and two samples at each asphalt content for determining abrasion loss
based on TP 108.

7.4.1 Determine the mixing and compaction temperatures in accordance with T 245, Section 3.3.1. The mixing

temperature shall be the temperature needed to produce an asphalt binder viscosity of 170+20 est. The
compaction temperature shall be the temperature required to provide an asphalt binder viscosity of 280+30
cst. The selected temperatures may need to be changed for modified asphalt binders; in such a case, follow
the binder supplier’s guidelines for mixing and compaction temperatures.

7.4.2 For each test specimen, weigh into a pan the appropriate amount of each size fraction to produce the

required sample size. Mix the aggregates in each pan and place in an oven set to a temperature no more
than 28°C (50 °F) above the mixing temperature determined in Section 7.4.1.

7.4.3 Heat the asphalt binder to the mixing temperature determined in Section 7.4.1.

7.4.4 When preparing PFC in the laboratory, use a mechanical mixing apparatus. Place the heated aggregate

batch into the mechanical mixing container. Add the required amount of stabilizing additive, if required, into
the container and thoroughly mix with the aggregate. Add the required amount of asphalt binder as
described in Section 7.3 into the container and mix the aggregate, stabilizing additives and asphalt binder
rapidly until thoroughly coated. Mixing times for PFC should be slightly longer than for conventional
mixtures to ensure than the stabilizing additives are thoroughly dispersed within the mixture. After mixing,
short-term age the PFC mixture in accordance with R 30.

Note 3 — Dry-mixing fibers, if used, into the aggregate before adding the asphalt binder has been
found to help disperse the fibers uniformly throughout the mixture.

7.5  Sample Compaction — Compact individual specimens at the established compaction temperature using
50 revolutions of the Superpave gyratory compactor in accordance with T 312.

7.5.1 After the samples have been compacted and are stable enough to prevent damage, extrude them
from the molds and allow them to cool. Determine the bulk specific gravity of each specimen using
T 331 or by dimensional analysis. To use dimensional analysis, determine and record the dry mass of
each specimen in grams. Determine and record the height of each specimen in centimeters in
accordance with ASTM E 3549 using calibrated calipers. Determine the diameter of each specimen in
centimeters as the average of four equally spaced measurements using the calibrated calipers.
Calculate the area of the specimen using the average diameter, A = wd? /4. Calculate the volume of
the specimen by multiplying the specimen area by its average height. Calculate the bulk density of the
specimen by dividing the dry mass of the specimen by the calculated volume. Convert the bulk density
into the bulk specific gravity, Gmbt by dividing by 0.99707 g/cm?, the density of water at 25°C (77 °F).



7.5.2 Determine the theoretical maximum specific gravity, Gmm, of the uncompacted samples according
to T 209. Calculate the percent air voids (VTM) as shown below:

VTM = 100x(1 — 22)

7.6 Sample Evaluation — Compare each trial mixture to the minimum air voids, maximum abrasion loss
using TP 108, and permeability requirements in Table 2. If none of the trial blends satisfies the requirements,
repeat the process with different trial blends or different aggregates.

Table 2 — PFC Mixture Specification Requirements

Property Requirement

Air Voids, % 15 to 20 (CoreLok method); 17 to 22 (Dimensional)

Cantabro Abrasion loss, % 20 max

Permeability, m/day Meet agency criteria (50 min. recommended)

Shear Strength, (Optional) psi 125

Conditioned tensile strength, psi 50 min.(May be agency specific based on binder
grade)

Tensile strength ratio (TSR) 0.70 min

Draindown, % 0.30 max

Hamburg Wheel-Tracker, (Optional) PG 64 or higher, 210,000 passes

g)éc;ﬁ]s before reaching 12.5 mm (1/2/in.) rut pg 70, 215,000 passes

PG 76 or higher, 220,000 passes
Cracking, (Optional) I-FIT FI 25 min

7.6.1 Conduct Additional Performance Tests — Prepare additional specimens using the determined optimum
asphalt content for further performance testing. Prepare and analyze the mixture samples as described in
Sections 7.3 through 7.4.4. Compare test results to the remaining requirements in Table 2.

7.6.2 Draindown Sensitivity — Determine the draindown sensitivity of two uncompacted samples of the design
gradation at optimum binder content in accordance with T 305, except use a 2.36 mm wire basket. Conduct
the draindown testing at a temperature of 15°C (27 °F) higher than the anticipated production temperature.

7.6.3 Evaluation of Moisture Susceptibility — Determine the moisture susceptibility of the designed mixture
according to T 283 with one freeze-thaw cycle. Modify the T 283 method as follows:

e Compact PFC specimens with 50 gyrations of the Superpave Gyratory Compactor at the optimum
asphalt binder content;

e Verify air void content is within the range in accordance with Table 5;

e Apply a vacuum of 87.8 kPa (26 in. Hg) for 10 min to saturate the compacted specimens; however, no
specific saturation level is required; and

e Keep the specimens submerged in water during the freeze-thaw cycle.

If the mixture does not meet the minimum tensile requirements in Table 2, either redesign the mixture
using different materials or use an antistrip agent to increase the tensile results.

7.6.4 (Optional) Hamburg Wheel Tracker Test (HWTT)— Conduct HWTT according to T 324.

7.6.5 (Optional) Cracking Test— Conduct the I-FIT Flexibility Index Test according to lllinois Test Procedure 405:
Determining the Fracture Potential of Asphalt Mixtures Using the lllinois Flexibility Index Test (I-FIT).



8. REPORT

8.1  Report the following information and test results.

8.1.2 Aggregate source(s); asphalt source, grade type, and amount of stabilizing additive, if needed; and
material quality characteristics;

8.1.3 Selected aggregate gradation and optimum asphalt binder content;

8.1.4 Volumetric properties, abrasion loss, shear strength, and draindown for each trial blend from
Section 7;

8.1.5 Results of moisture susceptibility testing and antistrip agent, if needed;
8.1.6 Results of HWTT test;

8.1.7 Results of SCB I-FIT test, if needed

9. KEYWORDS

9.1 Abrasion loss; aggregates; air voids; asphalt; asphalt binder; draindown; gradations; PFC mixtures;
stabilizing additive; shear stress; tensile strength; Hamburg Wheel Tracker; I-FIT.



APPENDIX B - MIX DESIGNS EVALUATED IN THIS STUDY
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2.1488

PLANT LOCATION: Augusta MIX DESIGN LAB NO.: APAC04 JOB MIXNO.: E0171
TYPE MilX: Open Graded Friction Course DATE APPROVED: 03/12/04
~NONTRACTOR: APAC-Southeast, Inc. DATE OF LAST REV.: 03/12/04 NO. OF REVISIONS: 0
JTROLMETHOD: QA DATE VOID: 03/12/06
Source of Aggregate Type of Aggregate % Agg. Gsb
1 Martin Marietta @ Augusta -#7 Stone N 2.66
2 Martin Marietta @ Augusta #89 Stone 8 2.68
3 Tenn Lutrell, Luttrell, TN Lime 1 2.68
4
5
6
7
SIEVE GRADATION COMB.
1 2 3 4 5 6 7 GRAD. | TARGET LIMITS
112" | 37.5mm
1"/ 250mm
3/4" | 19.0mm 100 100 100 100 100 100.0
12"/ 125mm 94 100 100 95 95 89.0 - 100.0
3/8" |/ 95mm 67 98 100 70 69 63.0 - 75.0
# | 475mm 17 60 100 21 20 15.0 - 25.0
#  / 2.36mm 6 16 100 8 7 5.0 - 10.0
#30 / 0.60mm 4.2 4 100 5
J0 / 0.150 mm 3.8 3 100 4.7
#200 / 0.075mm 1.2 14 100 2.20 2.0 0.00 - 4.00
OPTIMUM BINDER CONTENT,%| 6.0 5.64 - 6.36
PERCENT BINDER
JOB MiX MARSHALL STABILITY, N
DATE FLOW IN 0.25 mm
PREPARED BY _A<¢ 3-12-0¢ MAXIMUM SPECIFIC GRAVITY
REVIEWEN RY /) 2 BULK SPECIFIC GRAVITY
e ey 2 2/t on % AIR VOIDS IN TOTAL MIX
AFPTRUYCD DT .&%_ 22 7o7: %V MA
% VOIDS FILLED
EFFEC. SPECIFIC GRAVITY: NA TSR(%): NA WET TS:(kPa) NA

GRADE OF BINDER: PG 76-22

DESIGN DUST TO ASPHALT RATIO: NA

6.0 % Asphalt recommended with permissible variation of: 0.36 This mix is satisfactory and meets SCDOT
specification foruse in ~ Open Graded Friction Course
REMARKS: Verified mix 0.3% by weight used of Interfibe - Cellulose Fiber QA Spec.s

Jer Film Thickness (Microns)=  NA




Form TL-127 (Rev. 11109)

VIRGINIA DEPARTMENT OF TRANSPORTATION
MATERIALS DIVISION
STATEMENT OF ASPHALT CONCRETE OR CENTRAL-MIX AGGREGATE JOB-MIX FORMULA

Submit to the District Administrator, Virginia Department of Transportation. The Materials Division must be notified by the contractor
before work is begun using the submitted mix design. Once approved, this job-mix design may be used for all Department projects for the
type of mix shown below,

NewMic:  YEs [ |no [

Contractor Design Mix Ne. Design Lab No. c2
Date _1-18-12 Job Mix ID Ne. 9002-2011-84 Calendar Year: 2012 TSR Test No.
Type Mix / Size Aggregate Porous Friction Course 9.5 PG 82-22 RM (Quiet Pavement)
Producer Name & Plant Location Superior Paving Corp. Leesburg Phone _ 703-729-0633
Materials Job Mix Phase Kind Source
A | | c |
| Aggregate 89 % 48 Luck Stone Leesburg
| Aggregate %
| Bag House 1 % Plant Breakdown Superior Paving Leesburg
Mineral Filler %
Sereening %
RAP 10 % Pr d S Lees
Asphalt Cement 6,40 % PG 82-22 RM Blacklidge Greer SC
Tack EM-SOTT Seaboard Baltimore, MD
Additives:
Anti Strip 3 | Pavebond Lite Rohm/Haas Cincinnati OH
Fiber 3 } Cellulose Hi-Tech Asp. Sol .Mechanicsville
44 AN Asghaltic Maderials o Produce This Mix_Must be Certified by VAAP*** o
b Job Mix Phase Telerance End of
stz _L@_% % +or- Acccptance Range Year Design/Spec. Range
Sicves e b Average of § Test(s) Aversge
A | B A B C
34e 100 0 L 100 100
| 17 00 0 C 100 100
[ 8 28 832888 T esin
T 28 82238 [ [ | 2040
L] 9 28 6.2-11.8 | B s10
#200 25 K] 1832 I 24
S — |
Asphalt (%) 64 21 6.19-6.61 | Min. 6.0
VM 187 L | ~ Min. 16
Rice (Gmm) 2.650 o L
Compacted Unit Wt | Ve
Lay Dewn 290-340 °F MufMe Furnace Correction Factor: | 52
Temperstures Field Correction Factor (G,, - G )
Lab Compaction op Pill Weight: | 4450
Tempersiures Py SMA Mixes *30 (;vr.;t.'m > |
VCApgc: | 422
Producer Certification Technician's ature  Daniel Poole Ggy: | 2958

MATERIALS DIVISION USE ONLY - TO BE COMPLETED UPON CONTRACTOR SUBMISSION OF PART B

| Neminal Max. Stze gmg Q,S.ﬂ@_ Iuﬁn Rates: | Min. | e’ (egm?) | Max. | e’ (kg/m’)

Checked By: 1L

Approved tentatively subject to the production of material meeting all other applicable requirements of the specification.

* Note: Part B ‘Production JMF' and corresponding Material percentages will be filled out by the Contractor upon receipt of the additional
requirements of the Contractor within the first lot.

Copies: State Materials Engineer Approved By PartA: (T, & Lo s oky Doy
District Materials Engineer f Date:
Project Inspector Approved By | Part B:
Sub-Centractor and/or Producer Approved By | Part C: Date:




CORRECTED COPY

BLEMIT 10 THE STATE MATEMALS EMGIRCEN, CERTHAL S TUMINCOLES LABCRUS TR | 5000 NORTHEAS T 38 THAVENUE, LAINE

CORRECTED COPY

STATE OF FLOSIDA DEFARTMENT OF TRAMEFORTATION
STATEMENT OF S0URCE OF MATERIALS AND JOE MIX FORMUILA FOR BITURMIMNOUS COMCRETE

EWILLE, FLA 3055

Confracior Comwmiunity Asphak Com. Address 22005 N.W. 18Eth Stneet, Hialeah, FL 330158
Fhone Mo. (5611 TOO-E4ET Fax Mo (551] THI-1053 E-mak Hrusbiood ot labs. net
Bubmitted By Todd B. Truetiood Type M FC-5 Intended Use of My Friction Course
=.D.C.T.
TYPE MATERIAL CODE PRCDLUCER FIT NG CATE EAMPLED
1. &-1-A Slone 47 While Rock Quamies s5T-333 08/ 25 1587
2. 18 Slone & While Rock Quamies ST-33 08/ 25 1 1587
3. Asphak Screenings 232 While Rock Quarmnes ST-333 08/ 25 15ET
4. AR3-12 IE-AR
=
&
FERCENTAGE Y WEIGHT TOTAL AGGREGATE PA3SING ZEVED
Elbzud 50% 455 5% JOE MK COMTROL REZTRICTED

Blumber 1 2 3 < 5 5 FORMULA POBTE ZOME

3 180em 100 100 100 100 100
wiT  125wn 80 100 100 0 B85 - 100
o |38 2 %mm 38 a4 100 &5 85 - TG
~ Mo 4 4TS 5 3= 100 24 ¥ - 25
o o B I3 3 10 a2 10 5 - 10

Mo 18 1.18mm 3 4 ET ]
il |mo 30 00y 2 3 3E i
o |Bio 53 Mg 2 F 20 B
il |mo 100 8 S0y 1 2 g 5
~|Mazoo ]| 10 1.0 2.0 e 2 o
o |G 2.407 2412 2537 2415

T mix properties of the Job Wik Fomuis havwes besn condibionally werfiad, pending sucressial final verificalion during production at fe assigned piant, e
i ciesign |5 approved subject i FOUOLT. specfications

JMF refiscts sporepate changes sxpeched during producton

BF DE-33T3A [FC-5]

Tramsfered from 2P 03-2470A [FC-5

CORRECTED COFY due o imcomect

binder shown.

e

¥

7 474
Director, State Miaberials Office
E%active Cat= T mezmaons
Exniration Dase 0z /73 ) 2008

e i 302 e T Tl i T cadDie. b wreraiDirrine L b wT
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SLESMIT 10 THE STATE MATERALS EMNGRMEERN, CERTHAL 55T UNIROUS LABORG TOHT | SO0 MU THERS | I AVENUE, WAIKESWILLE FLA. X¥H

Confractor AFAC-Joutheast, inc., Southem Flonda Division  Address P.C. Box 2573, Sarasoln, FL 34230
Fhone Fo. (9411 453-332% Fax Mo 5411 4850170 E-ma dishepoardilas hised com
Bubmitied By Linda Efeppard Type hix FC-E Intended Use of by Friction Course
FOCT.
TYFE MATERIAL CODE PRODUGC FIT KO DATE BAMPLED
1. &1-A Sione a7 Whiie Rock Quarmes Z7-335 0z ! o7 ) 2003
Z. &-1-8 Sione 53 ‘While Rock Quarmies Zr-33 02 ¢ OF ¢ 2003
3. PG T2 1E6-PE
4
=3
B
FERCENTAGE BY WEIGHT TOTAL ASGREGATE PASSING ZENVES
Biend 5% S0% JOE MIX CONTROL

Burmber 1 2 3 < 5 B FORMULA PCINTE

¥4 {80mm 100 1000 100 100
WiT 128mm :H 100 a3 BS - 100
|3 8 S 5 52 =] 85 - 75
— Mo 4 A TS 1 35 3 i5 - 2%
W oA 2 7 10 Ll 5 - 10

fi. 12 LB 5 =] 5
ML T < 4 4
e |Bio 52 0Dy 3 E: 3
il | mia 100 ST 3 3 3
= Mo 200 T 1.0 1.0 20 2 - 4
i | S 2407 241 2411

Thee mix properties of the Job Wix Formuia hawe Daen conditionaily werflad, pendng successiul final vwarficabion durng production af Te assigned piant, e

i design |5 approved subjsct o FIOUOLT. spectications

JMF refiscts aporegais changes sxpectad during procuction

EFM 0S-32278 (FC-5)

EPM 05-35ETA revised o refect change binder
content.

— OHALL

Cirecior, Office of Malerisis
ESzcitve Cate 0213 ) 00

Expiration Date 02/ 03 2008
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Mew Jersey Department of Transportation 12015

HMA Mix Design

Foegeoi’ CaniTa
M 102 COODCITaTR
E Dhak .|
M Type HMA,OPEN Gf FRICTION CRS, ASPHALT RUBESR.  ChectweDate 380074
E ¥ o LR
Prodisces TRAP ROCH INDUISTRIES - KIKNGETON, KL (HMA RN o Lo
AN FLANT) VearPaton Type Lk VerToabor
Wi T, (F =0 Dot b3 Nt [ H
Compacten Tema (F] 310
BIEVE & Jods Wi Evivdrtisaind Prosdiaelon Tokiranies Tl Perforrrgd Tedl Reddils Tt Cberl
no Formrioka | | mie fTin il ] Thile 7 Thilie.

3 T E 1000 ||| 10 04 ol Wids [l TRa4

112 Cri] 100D 160 SRR

1 = P00 ||| 10D 10 ENFA

=4 15 T || ECH 104 Cistthapnal Ralo

11T 125 o |||as 100 Dirain D

] s T || B 1] BT T T WA, dry
fZe [z =0 [0 o ) .4 VTR - Ty

LR 238 1248 |||2 1 4 8 Max Epln (S 2888
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