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Basic Design Concepts - 1

= TxDOT uses a rudimentary mechanistic-empirical design procedure
where materials are characterized by their modulus and Poisson’s
ratio at a design temperature of 77F.

— Current version of design software is FPS 21
— Traffic Loading in terms of cumulative 18-kip ESALs
— No environmental inputs

— Performance equation tied to deterioration in Sl, initial deflection
iIndex and cumulative traffic loading.



Basic Design Concepts - 2

= The layer modulus is preferably acquired by back-calculation using
measured deflections.

— 9,000-Ib dynamic load is imparted to the pavement surface to
simulate truck wheel load (one-half of a standard 18kip axle)

— MODULUS 6.1 is used to perform back-calculation

— Average pavement layer thicknesses must be measured/assumed.
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Pavement Modeling (Elastic Layer Theory)

Total D
Load T

Surface E,, v, h,
Base E,, V, h,
Subgrade E, v, 00



Evaluate Existing Material Properties

= Other Non-destructive tests
— GPR
— DCP
= Field Samples:
— Coring
— Auguring/Spot Milling

— Lab Tests (AC content, gradations, stabilization series, mix design)



MODULUS 6.1 Structural Evaluation of Existing Pavement

MODULUS

- Windows 7 or Above
Version 6.1.0

Copyright: Texas Transportation Institute
Texas Dept. of Transportation

Warning: Do Not Make llegal Copies of This Program.




MODULUS Remaining Life

. FWD file name: E:\ E

Input FWD Data Data Analysis Postprocessin
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Read FWD Drop Select Stat, Select Remaining Life |[Backcalculation| Segmentation | Chart Output | View Comment| Exit Program
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B3 - Remaining Life Analysis Screen
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Remaining Life Utility

= Use non-backcalculated indices to:

— Make rough estimates of remaining life in terms of fatigue cracking and
full-depth rutting

* Need estimate of current distress
e 20-year cumulative ESALs

— Locate problematic layers

= A screening tool to determine level of rehabilitative effort
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TTI FLEXIELE DAVEMENT DEFLECTION BASIN ANALYSIS PROCRAM
FWD TESTED FILE MNAME : E:\FWD\.sat\SHES\.before
DISTRICT = 15——San Antonio ASPH. THICEWESS - =_00
COUNTY = F——ATASOOSE MONTH TESTED = MAY
HICHWAY = SH DESIGN LOAD (lbs): =000
TEMPERATURE ("F) start: S6.3 knd: 100.0 Z0 year 18 EID{m) : 1z .00
AVERACE BUT DEPTH (in) - 0.7 LAWES = z
ATLTLIGATOR CRACEING = Zo.0 % SENSORS: 0 12 Z4 =26 48 &0 T2
ASPH DESIGH LAYER REMAINING
*% NORMALIZED DEFLECTION (mils) *+ TEMP SCI STRENCSTHS LIFE (yrs)
STATION =k | BZ BE =1 B7 DEF F MILS UDPR LWR SCR RUT CRE
2_.101 S53_.328 Z24_&8 2 _01 4_75 1.80 =9&.3 22_00 WP WP PR 0-2 o—z
2_.200 S5.17 2ZB8.53 10._34 5_.70 2. 04 96.5 19.86 PR WE DR 0-2 0—z
%_200 S7.84 =30.14 12 _0Z &_31 Z_.20o =8&.7 Z0.56 WP WP WD 0-Z 0—z
%_.400 TFTF.5T 36.32 12 _75 &.36 Z_0z =96.9 30.75 VB WEB PR 0O-Z 0—z
2_.S00 22.70 12 .71 4_94 z.z8 1.02 97.1 12_22 MD ™MD £D 0-2 o—z
2.801 18.25 = 4_49 2_ag 1.1z =897.2 .21 €D &0 S0 0-2 Z2-5
%_.701 S8.1% ZE5.73 11 _88 &.05 .72 =87.5 21.8% WP WP WD 0O-Z 0—z
%.81% &5.55 S0.81 13.81 7.35 Z.69 =87.6 26.12 WP WP WP 0-Z 0—z
2_.901 €1.21 =21.70 13_&3 7.80 2_04 97.3 21_.70 WP WP WP 0-2 o—z
4_ 000 S52.1% 2Z&.&88 12 _31 7.0 2.2 98.0 12.71 PR WP WO 0O-2 0—z
4_100 41.24 Z5.34 13_19 7 .85 zZ.8¢ 98.2 10.81 MD WP WO 0O-2 0—z
4_Z0O0O ©6.25 35.34 14._00 7.01 Z_.43 ©98._.4 2Z_ 26 WP WP WP 0O-Z 0—z
4.300 S59.856 S0.33 12._83 7 .00 Z.80 S9E8.6 Z0.9% VP WP WP 0O-Z2 o—z
4_402 42 75 21._89 S .52 5.z2 1.9 98.3 15.14 PR WP PR 0O-2 0—z
4_S00 TF4_47 ZE_&3 S .05 4_&0 1.85 99_0 25.04 WP WP DR 0O-2 0—z
4_800 45.95 ZO.TZ &_16 3.25 1.47 =©99_2% 18.80 PR WP MD 0O-Z 0—z
4.700 Z23.80 10.44 3.43 1.s2 O.85 =995.4 H.968 ED MD WS 0-2 o—z
4_805 483_71 23_47 S .72 5.=2& 2_07 95_.5 185_42 PR WP PR 0-2 0—z
4_900 47.29 Z32_56 S.z8 4_79 1.77 99._.3 17.12 PR WP MD 0O-Z2 0—z
5.02z4 S4.50 13_55 4355 Z.86 1.06 100.0 15.850 PR ™MD ED 0O-ZF 0—z
MERM- S50O_.&85 24_72 s .=8 5.=20 z_oz 19_22 DR WP PR
STD DEV: 15_89 T.SZ 3_4az 1_31 0. &8 &_TE
COF VAR: S1.36 S2Z.05 S4_.65 S6.05 SZ_86 35 .25

- O~ZzFailed Z~5:-PFProblem 5~10:-0FK for How 104+ - Eocod




MODULUS Backcalculation

%:FWD file mame: B\

Input FWD Data Data Analysis Postprocessing Help
) F LD '-. ) .|
ae | OHE | g s B *g
Read FWD Drop Select Stat. Select Femaining Life |Backecalculation | | Segmentation | Chart Output View Comment| Exit Program
B3+ Modulus Input \/ =
Distance L Z 3 4 5 B i
toplate  |0.0 1z0  |240 |30 430  |BO0 |720
MODULI RAMGE [ ksi)
Thickness [in] kimirnLinn Maximum  Poizsion's Ratio
Layer S rface
 Te Surface | As ph:lIITn-rnp 75.0 |250 1200 035
{* Four
Subbase | 00 \Other Material | |25.0 75.0 035
 Semilnfinte  CWPdade (3118 [Other Material | Most Probable Value |15 0,400
E4/5tiff v Setas default value
Laver Ratio 100.0
Exit Run
L R R I MR R R T R R




Backcalculation Process

[ MODULUS 6.1 ]—>-—> Layer Moduli

v

Y

Minimize error between actual
measured deflection bowl and [ FPS 21 ]
calculated deflection bowl
based on modulus values
selected in “seed” range
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File Font Color Euat

2= 3 FlxAa @ 2 EBkws

TTI MODULUS AMATYSIS SYSTEM (SUMMARY REPODRT) {(Version &.1)

District: MODULI BANGE (p=3i)

County = Thicknessi{in) Minimam Mazximmim Poisson Batioc Value

Highway/Boad: 161453 £fm003%5 Pavement : &.00 250,000 1,200,000 Hl: w = 0.35
Basze: 12.00 75,000 2,000,000 HZ: w = 0.25
Subbase: 8.00 25,000 75,000 H3: w = 0.35
Subgrade: S1.18{by DB) 15,000 Hi: v = 0.40

Load Measured Deflection (mils): Calculated Moduli walues (kai): Akhaolute Dpth to
Station {1bs) Rl RZ B3 B4 B5 =1 BT SURF(E1) BASE(EZ) SUBB(E3) SUBE(E4) EER/S5ens Bedrock

50c.000 10,000 24_8% 11.27 c.08 4.04 2.54 2.37 2.11 250.0 5.0 25.0 7.8 20.71 13z2.8 *
e00._000 10,825 11.11 2.30 5.51 4. 3¢ 2.0e 2.42 1.78 744 .6 5.0 dc. 6 = 1.72 125.8 *
701.000 10,811 10.00 757 5.688 4_34 3.28 Z.58 1.56 850.5 7.8 75.0 7.8 0o.8% 117.2 *
801.000 10,504 8.71 T.16 5.43 4.1% 3.30 Z2.84 2.14 1200.0 135.4 50.0 7.5 1.%0 165%.5 *
503 _000 10,384 10.81 8.15 5.83 4_35 3.4¢ Z2.4¢ 2.03 705.3 5.0 T75_0 7.8 1.50 DG
1002 _000 10,866 9.07 o.83 5.13 3_85 3.1z 2.51 2.07 744 .3 146.7 T5_0 2.4 1.0 205.3 *
1104 _000 10,745 S.51 7.45% 5.77 4_37 3_31 Z.54 Z2.02 1153.5 110.0 45_4 8.0 0.74 150.3

1206.000 10,734 8.30 6.55 5.50 4.27 3.28 2.50 1.8% 1200.0 125.¢ 1.0 7.6 1.73 105%.¢ *
1210.000 10,877 .76 5.54 4.45 32.87 2.98 2.36 1.77 1200.0 382.0 31.4 2.4 2.44 a7.7 *
1404 _000 10,471 9.28 ©.93 5.43 4.07 2.0e 2.38 2.20 o50.2 187.8 36.3 8.7 1.328 180.5

1504 _000 10,570 8.02 6.71 5.2Z8 3.59% 3.1a Z2.37 1.52 1200.0 144.5 64_8 7.5 1.5z 7.8 *
1602000 10,480 11.5:2 7.43 1._66 3.07 2.15 1.6% 1.23 337.7 75.0 42 .2 1z.1 4.21 1z24.7 *
1724 _000 10,263 12._43 G.591 4._48 2.87 1.55 1.43 1.17 250.0 5.0 a5_1 14.8 3.32 105%.1 *
181s.000 10,581 5.50 4. 8¢ 2.89 2.10 2.42 1.50 1.53 1z200.0 508.5 25.0 10.2 Z.44 13g.5 *
1523 .000 10, 663 a.03 o132 351 Z2.95 2.07 1.58 1.15 1200.0 211.8 41.1 13_3 3.%1 111.5 *
2014 _000 10,52¢ 7.07 4.84 3.72 2.73 1.58 1.46 1.20 438.7 317.¢ 28.1 14.8 0.%0 107.2

2101 _000 10,723 2.04 5.58 3.88 2.74 1.38 1.43 1.07 783.8 100.4 T75_0 14.3 0.4 101.1 *
2202 _000 10,230 11._3%6 c. 08 4.01 2.70 1.87 1_35 0.%8 250.0 5.0 T5_0 15.0 Z2.17 995 =
2302 _000 10,811 6.73 5.03 3.85 Z.8%3 Z2.17 1.88 1.28 1011.& 185.1 75.0 1z2.4 1.14 10&.3 *
2402 000 10,800 7.4l 5.37 4.02 Z2.51 2.14 1.72 1.25 303.4 145.5 75.0 12.5 Z2.28 178.5 *
2573 _000 10,745 5.45 4.03 3.1z Z2.40 1.77 1.43 0.5%3 988.7 313_0 T75_0 15.0 1.5¢ 154.8 *
2700_000 10,450 9_23 7.1% 5.48 4. 1¢ 3_15 2.3%9 1.85 925.4 13c.e a3a_5 2.5 0.88 124.8

Z801_000 10,323 7.83 5.28 3_73 Z.688 1.82 1.30 1.08 654 .3 152 .2 Z8.4 16.0 0.73 6.8

25352 .000 10,552 8.03 8.30 4.42 3.16 2.23 1.76 1.40 1200.0 33.5 44 2 1z2.1 2.27 1l4z2.3 *
3055_000 9,803 ©.5%9 4._50 3.55 2.54 1.85 1.3¢ 1.0& 1135.3 1z21.z2 5c.4 14.0 0.8 108.5

3252 _000 9,858 6.37 5.00 = 2.75 1.54 1.44 0.585 1z200.0 18z.8 25.0 12.7 1.44 79.5

3401 _000 2.73 1.78 1.32 1.03 250.0 75.0 25.0 13.6 9.57 31.4




Backcalculation Limitations

= Layer Thickness at least 3.0-in

= 4-layer maximum limitation
— Mathematical process: results may not always reflect reality
— 4-layer solutions are often unreliable (high variability)

= Can not differentiate between similar layers adjacent/bonded
together

— Layer consolidation to determine “composite” modulus



Pavement Designh Using FPS 21
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FPS 21 Inputs Affecting Thickness Requirements

= Length of Performance Period

— Typically use staged construction
= Confidence/Reliability Level
= Change in Serviceability Index

= Cumulative Traffic Loading

= Layer Modulus/Allowable Thickness




FPS 21 Design Parameters That Affect Thickness

B3 Input Design Data

[Basic Design Criteria

Mae THICEMESS, ALL DVERLAY'S

LENGTH OF AMALYSIS PERIOD, [vear] 2l
MIN TIME TO FIRST OVERLAY, [Year 12
MIM TIME BETWEEMN OVERLAYS, [vear] a8
CESIGN COMNFIDEMCE LEVEL 3505 e

IMITIAL SERVICEABILITY INDE# 4.?;
FIMAL SERVICEARILITY INDE o5
SERVICEABILITY INDE= AFTER OWVERLAY 42
CISTRICT TEMPERATURE CONSTANT ['F) a1
INTEREST RATE [%] 7.0
|F"r|:|gram Contrals

Mz FUNDS AS0. 5D INIT CONST 949.0
Mecs THICKMNESS, INIT COMNST 3.0

4.0

[

Traffic Data

A0T, BEGIMNMIMG WEH /DAY 4950
A0T, EMD 20%R [WEH/DAY) 7520
18 kip ESAL 20%R (1 DIR] [milions) 12.200
ayGE APP. SPEED TO OV, Z0OME [mph) a0
&G SPEED, O%. DIRECTIOM [rmph) an.
&G SPEED, MOMW-OW. DIRECTIOMN [mph) an.
FPERCEMNT ADTAHR CONSTRUCTIOM [%] RO
FERCEMT TRUCKS IM ADT [3) 225

| <
To Main Meru L ﬁ'“




FPS 21 Materials Table and Design Type Selection

B3 - Input Design Data (Pavement Structure)

IConstruction & Mainttenance Data

Detour Design for Owverlays

Design
Type

MIMN OVERLAY THICKEMESS. (Inches) 15 DETOUR MODEL DURIMG OWERLAYS 1 :l
OYERLAY COMST. TIME. HRADAY 8.0 TOTAL MUMBER OF LAMES( for bwo direction) Zil
ACP COMP. DEMSITY, TONS/CY 1.98 NUM OPEM LAMES, OWRLAY DIRECTION 1
ACP PRODUCTION RATE, TOMS/HR 200.0 HNUM OPEN LAMES, NOM-OY DIRECTION 1
WIDTH OF EACH LAME., [Feet) 12.0 DIST. TRAFFIC SLOWED., 0W DIR 05
FIRST YE&R COST. RTH MAINT (4] 200.0 DIST TRAFFIC SLOWED, NOM-OV DIR 05
AMM. IMC. IMNCR IN MAINT COST [$) R0.0

COST fMODULUS | POISH M [ SalvaGE

LR MATERIAL NAME PER CY E [kzi] RATIO DEFTH  DEFTH (%]

=]

To kain Menu
Save to Default

Save Input File




FPS 21 Design Types

rIEEl.- Input Design Data (Pavement Structure) @
|C|:|n5tructi|:|n & Mainttenance Data |Det|:|ur Design far Chwerlays Ta Main Menu
MIN OWVERLAY THICKMESS, (Inches) 15 DETOUR MODEL DURING OVERLAYS 1 :| P
OWVERLAY CONST. TIME, HRADAY 8.0 TOTAL MUMBER OF LAMES] for bwo direction) Eil
ACP COMP. DEMSITY, TOMSACY 1.98 NUIM OPEN L&NES, OWRLAY DIRECTION 1 Fave Input File
ACP PRODUCTION RATE, TONS/HR 200.0 NUM OPEN LAMES, NON-OY DIRECTION 1
WIDTH OF EACH LAMNE ., [Feet) 1210 DIST. TRAFFIC SLOWED, 0% DIR 05
FIRST YEAR COST, ATH MAINT (4] 2000 DIST TRAFFIC SLOWED, MON-OV DIR 05
AMM. INC. IMCR IN MAINT COST [$] 5010

Select Pavement Design Type

1] SURFACE TREATED + FLEX BASE OVER SUBGRADE
2] ACP + FLEX BASE OVER SUBGRADE

3] ACP + ASPH 5TAB BASE OVER SUBGRADE B E=h00 ksi =038 ASFH CONC PYMT
4] ACP + ASPH STAB BASE + FLEX BASE OWER SUBGRADE

B] ACP + FLEXIELE BASE + STAB SEGR OWER SUBGRADE C E=48 ksi v=0.35 BASE ||' 'ﬂ

B] OVERLAY DESIGN e 4
7] USER DEFIMNED PAVEMENT [less than 7 layers]

£ I TR T B

”:l

Exit Pavement Design Type Selection




FPS 21 Post Desigh Checks

= Modified Texas Triaxial Check
— Evaluate subgrade shear failure under single heavy wheel load
— Design parameters are:
* ATHWLD
* Subgrade Texas Triaxial Class
= ME Checks for Full-depth Rutting and Fatigue Cracking
— Various models, but all are very rudimentary
* Linear Elastic Layer Theory
* Not material specific

— All based on # passes 18-kip axle load



The Modified Texas Triaxial Check

B3 - Texas Triaxial Design Check for Pavernent - 1 @

The Heawvieszst “Wheel Loads Daily [ATHWLD] |1 2000, [1b] Triasial Thickness Required [inches) |25_5|:|
Percentage of Tandem Axles |5EI. (%] The FPS Deszigh Thickhess  [inches] |‘| 2.00

Modified Cohesiometer  %alue [ Cm) |8EIEI. . Reference Alloveable Reduction (inches) 8.39

Fodified Triasial Thickness  [inches) |‘| 7.11

Input Subgrade Texasz Traxial Class  [TTC] 542 Design OK !
i Input TTC bazed on TEX-117-E
0 Enter zail Pl to estimateTTC |2?
" Select TTC bazed on predominate zoil type
Thick. [in] 73 P [0 (B | =01 W k4 aterial MHame
4.00 |500.0 035 |WSPH CONC PYMT
14.00 1160.0 035 |CIR Mix
110,00 145.0 030 [Flex Base Flex Base
1120.00 12.0 040 |SUBGRADE(200]

Erint

SUBGRADEZ200]

E =it




FPS 21 ME Checks

B3 - Mechanistic Design Check for Pavement - 1 @
Thick. [in]  Modulus(ksi) W M aterial Mame Vary Thickness
14.00 1500.0 035 ASPH CONC PYMT H W
14.00 11600 10,35 CIR Mis
10.00 145.0 10.30 Fles Base
120,00 120 10,40 SUBGRADE(200]

f1 TIEED2 ﬁnal}mgné&esign { " Uszer Detine SUEGH'&DE[EDEi
f2 I

[m | Np=file) (B

t4 13709 _ fj Run
| 4477 Nci - f4 (51}) Exit




FPS 21 Design of Pavements Incorporating HIR

= The HIR process would typically be considered a “Pavement
Preservation” technique -

— Not a candidate for “structural design process”

— However, typical design philosophy should still be used to
determine whether the structure has adequate remaining life to
consider PP viability.

* Remaining Life Good or Very Good
* Uniformity/composition of surface material

— Use “Structural Overlay” design (Type 6) option and assign a design
modulus to HIR layer (500 ksi unless better information available)



FPS Design of Pavements Incorporating CIR

= Design Modulus?
— Limited experience with product in Texas

— One job from the early 90’s on US 62 (Lubbock District) showed that a
temperature corrected (77F) modulus was on the order of 150ksi

— Uniformity/composition of bituminous material
= Use either a Type 4 Design format:

— ACP surface/ST

— CIR layer

— Flex Base

— Subgrade
= _..or Type 7 (User Defined) format.



FPS 21 User Defined Design Format

lzer Define Pavermnent

+-

Laper 1

Go Back ‘

<4

ASPHALT TREATED BASE
b vz A00.0 ki
Thickness fromed.0 to: 1000 inches

FLE*IBLE BASE
b aduluz: 500 kai
Thickness fromB.0 to: 12.0 inches

Mo | Matenal Type 2004 Specificatic| Design Modulug | Poizzon' Ratio Laver Type
1 |SURFACE TREATMEMT Itern 316, 318 200 ki 0.35 AL Layer
CEMSE-GRADED HA Thin Itern 340, 341 500 ki 0.35 &C Layer
3 |DENSE-GRADED HMA Thick Itern 340, 341 650 ki 0.35 AC Layer
4 |PFC Itern 342 300 ksi 0.30 AL Layer
b |PERFORMAMCE M+ 3/45F Itern 344 B50 ~ 350 ki 0.35 AL Layer
6 |FERFORMAMCE Ml 1in SF Itern 344 B50 ~ 950 ki 0.35 AL Layer
7 |STOME-MATRI ASPHALT ltem 346 B50 ~ 850 k=i 0.35 AL Layer
8  |LIMEROCE ASPH PWRT Item 330 200~ 350 ksi 0.35 AL Layer
3 |HOT-Ml< COLD-LAID ACP ltem 334 300~ 400 ki 0.35 AL Layer
10 |RICH BOTTOM LAYER Itern 344 400 ~ B00 ki 0.35 &C Layer
11 |F&or LFA STABILIZED ltem 265 50~ 150 ksi 0.35 Base Laper
12 EASPHALT TREATED BASE Itern 292 250 ~ 400 ksi 0.35 Baze Layer
13 |EMULS A5PH TRT BASE Itern 314 50~ 100 ksi 0.35 Base Laper
14 |FLExIBLE BASE Itern 247 40~ 70 ksi 0.35 Baze Laper
15 |LIME STABILIZED BASE Itern 2B0, 263 BO ™~ 75 ksi 030~035 Baze Laper
16 |CEMEMNT STABILIZED BASE Itern 275, 276 a0~ 150 ksi 0.20~0.30 Basze Laper
17 |FA OR LIME-FLY ASH STAR Itern 265 30~ 45 ksi 0.30 SubBaze Layer
18 |LIME[CEMEMT] STAB SUBG Itern 260, 275 30~ 45 ksi 0.30 SubBaze Layer
13 |EMULS A5PH TREAT SUBG Itern 314 30~ 45 ksi 0.35 SubBaze Layer
20 |SUBGRADE 16 ki 040~ 045 @ Sub-Grade Layer




FPS Design of Pavements Incorporating FDR

= Design Modulus?
— Experience shows highly variable, depending on:
* Parent material & uniformity
* Stabilizing Agent
* Environment
» Sophistication of Reclaimers
= Use either a Type 3 Design Format
— ACP surface
— Reclaimed/Stab. Base
— Subgrade

= _..orType 7 (User Defined), if 4 or more layers involved.



End Product In-place Variability

Normalized Deflections
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Stabilization Variability




Reclaimers

-

High Efficiency Reclaimer - Emulsion or Foam

CE R o




Issues and Gaps in Knowledge

= Better assessment of candidate jobs

= Better uniformity of construction

= Urgent need to move to a more mechanistic design procedure.
— Need better materials characterization

— Need to incorporate climate effects

— Need to account for traffic loading in terms of load spectra
= TXDOT not likely to adopt AASHTO Pavement ME

— 2006/2007 TxDOT Research Study
= TXDOT Research Program evaluating TXME

— Hope to have limited implementation project approved in FY 15



(&iProject [ Option & Run

EPHR$=

1 x

£ Help

- Projectl
@ Structure
-4p Climate
& Traffic
@ Reliability

. “Projectl:Structure®

Pavement Type

Surface Treated
@ Conventional or Thin HMA

Perpetual

Design/Analysis Life (years): 20 || | Optional Project Information

Project Location

District: (a1 Paris ~| county: (60 DELTA  ~]

AC Layer Material

Base Matenal

Subbase/Treated (or Untreated) Subgrade Layer Material

Layer 1: Type D, PG 64-22

=/ Layer Information

Layer Number

e : u

Layer Thickness (inches)

| Material Information

Binder Type PG 64-22
Gradation Type D
RAP % 0

RAS % 0

=/ Material Properties

Dynamic Modulus Level 2 input: default value
Fracture Property @77 F: A=4.2081E-06, n=3.9531
Rutting Property @104 F: alpha=0.7465, mu=0.8102
Poisson Ratio 035

Tharmal Cnafficiant nf £ i Aa-A infinfF\: 138







