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DISCLAIMER

The contents of this manual reflect the views of the authors, who are responsible for the facts
and the accuracy of the data presented herein. The contents do not necessarily reflect the
official view or policies of the Federal Highway Administration (FHWA) or the Texas
Department of Transportation (TXDOT). This manual does not constitute a standard,
specification, or regulation. The manual is intended to give rudimentary guidance in the
operational features of the design program FPS 21 only, and should be used in conjunction with
the TXDOT online Pavement Design Guide, District SOP and sound engineering judgment. The
engineer in charge of this project was Tom Scullion, P.E. #62683.
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1. INTRODUCTION

The Flexible Pavement System (FPS) is a mechanistic-empirically (M-E) based design
software routinely used by the Texas Department of Transportation (TxDOT) for: (1) pavement
structural (thickness) design, (2) structural overlay design, (3) stress-strain response analysis,
and (4) pavement life prediction (rutting and cracking).

FPS 21 is the most recent version of this design system developed by the Texas Transportation
Institute for TXDOT. The program is has several additions to the existing FPS 19 system, but it
retains much of the familiarity of the previous system. FPS 21 is intended to replace FPS 19,
which has been implemented since the mid-1990s. Both programs incorporate the same
performance prediction algorithm and have substantially identical inputs. FPS 21 produces
identical thickness designs to FPS 19, but it also includes the following new features:

e Provides the capability of designing pavement structures with up to six layers over the
subgrade (FPS 19 is restricted to three layers). This provides the capability of designing
perpetual pavements where multiple hot-mix asphalt (HMA) layers of different moduli
values are required.

e Provides the capability of generating user defined pavement structures in addition to the
fixed design options currently available in FPS 19. The user defined option is
recommended for thick HMA structures when more than three layers are to be built on
top of the subgrade. The designer can select layer materials based on specification item
numbers and a recommended design modulus value is also supplied.

e Provides additional procedures for obtaining estimated Texas Triaxial Class values for
the subgrade soils, either based on county-specific soil types or from basic soil
properties such as plasticity index.

e Provides extended stress analysis capabilities, where for example the allowable
deflections for the as-proposed pavement structure can be computed. These values
could be used for structural strength verification after construction.

e Incorporates the findings from recently completed research studies and also the
recommendations from TXxDOT’s Pavement Design Guide.

The FPS design approach is based on a linear-elastic analysis system, and the key material
inputs are the backcalculated modulus values of the pavement layers. For in place materials,
these are obtained from testing with the Falling Weight Deflectometer and processing the data
with backcalculation software such as MODULUS 6. For newly placed materials, realistic
average moduli values for the main structural layers in typical Texas pavements are supplied
based on user experience, with recommended values also available in TXDOT’s online
pavement design guide. The FPS design process is comprised of the following two steps: (1)
generate a trial pavement structure with proposed FPS design thicknesses, and (2) check this
design with additional analysis routines, which include mechanistic performance prediction.
The FPS system has an embedded design equation relating the computed surface curvature
index (difference of the W; and W, deflections) of the pavement to the loss in serviceability (as
defined in the original AASHO Road Test). As described below the design checks are
principally based on either mechanistic design concepts, which computed fatigue life and
subgrade rutting potential, or the Modified Texas Triaxial criteria, which evaluates the impact
of the anticipated heaviest load on the proposed pavement structure.



1.1 Mechanistic Design Check

The mechanistic design check computes and checks the sufficiency of the mechanistic
responses in terms of the maximum induced horizontal tensile strain at the bottom of the lowest
HMA layer and the maximum vertical compressive strain at the top of the subgrade. Standard
models are available to convert these values into the number of standard 18-kip load
applications until either cracking or subgrade rutting failure occurs. The mechanistic design
check is recommended for all pavements with HMA surfaces. The fatigue analysis is restricted
to all pavements where the HMA thickness is greater than 1.5 inches. Currently the
mechanistic design check is not required for pavement design approval (with the exception of
pavements deliberately designed as “perpetual”), but it should be run for informational
purposes on all HMA designs.

1.2 Modified Texas Triaxial Check

The Modified Texas Triaxial criteria was developed to prevent a shear failure in the subgrade
soil under the heaviest wheel load anticipated for the pavement section. Results of the analysis
will recommend the total combined thickness of granular base, stabilized materials, and HMAC
surface to prevent shear failures in the subgrade. Currently the Triaxial check is mandated for
all flexible pavement designs developed for TXDOT maintained highways; however the results
can be waived with justification by the approving engineer.

1.3 FPS 21 System Requirements and Loading Instructions

e Running the FPS 21 requires a Windows 98, or later operating system.

e Atleast a 1.0 GHz processor speed and minimum of 10 MB disk space are
recommended.

e The software is provided in an executable set up program, which loads the software and
puts the FPS 21 icon on the desktop.

The program is supplied in an executable file called FPS21Setupmm-dd-yyyy.exe, where the
effective date of the current version is included as part of the file name. Running the setup
program will cause the screen shown in Figure 1 to be displayed.



Welcome

== FPS 21

wer:May08-10 wielcome to the FFS21 Install program.

Thiz program allows vou to install FFS21 on your hard
drive.

It iz strongly recommended that before proceeding. wou
enzure that no ather Windows programs are running.

IF pou do nat wish ta install FFS 21, click 'E=it' now,
othemwize click ‘Mesxt' to continue.

Figure 1. Opening Screen of FPS 21 Setup Program.

The user selects the Next button and then specifies the folder location where the FPS 21
program is to be stored. After that the screen shown in Figure 2 is displayed. To load the
program, select the Start button.

Confirmation

== FPS 21

’ Ver:May08-10

Thiz program will install FPS 21 into C:AFPS21.

Click 'Start' ko install FPS21.

Z Tim
Irmnsportation
hmmﬂ

Figure 2. Setup Program Screen Following Selection of Drive Storage Location.

In most computers the program will display the message shown in Figure 3 asking if the user
wants to overwrite existing DLLs. In all cases reply NO as the system is trying load an older
version of the DLL.



FP521 Install Program X

<P U IO, sy skem 32 asywFilk, dll
[
This file exists and is a more recent version than the file bo inskall,

Do wou wank bo overwrite the installed version anway?

Yes | Mo |

Figure 3. Overwrite DLL Dialogue Box.

Once this is complete the FPS 21 icon will be installed onto the desktop.



2. NEW FEATURES IN THE FPS 21 SOFTWARE

2.1 Initiating the FPS 21 Design Software

Click on the FPS 21 icon to run the program. =

Fps21.exe
2.2 Main Menu (with Version Number Date)

In most cases, the user is interested in generating a flexible pavement design and will select the
FPS Pavement Design button from the main menu (Figure 4).

FPS521 Main Menu

TEXAS FLEXIBLE PAVEMENT DESIGN SYSTEM

IS’ F P s 21 FPS Pavement Design

_ Ver: FPSZ

Stress Analysis Tool ‘

Product Disclaimer

Exit

Figure 4. FPS 21 Main Menu.

The second button on the Main Menu allows direct access to the Stress Analysis Tool, shown
in Figure 5. When accessed from the Main Menu, this is a stand-alone program where the user
inputs the pavement structural layers and load format; the program predicts stresses, strains,
and deflections within a pavement structure with up to seven layers. These predictions can be
made for simulated FWD or truck wheel loading configurations. Details on using this analysis
tool are more fully described by accessing the program HELP menu. The HELP menu can be
accessed by hitting the F1 button on any of the FPS data entry screens.

As described later in this report the stress analysis tool can also be activated after an FPS
design has been generated to check the induced stresses and strains and make mechanistically-
based life predictions for the proposed pavement structure.
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Figure 5. Stress Analysis Tool as Accessed from the Main Menu.

2.3 Setting up a Design Problem in the FPS 21 System
Select the Main Menu FPS Pavement Design Option.
2.3.1 Project Administrative Data Inputs

The project administrative data input screen appears (Figure 6). By clicking on the District
input box a map is provided where the user can select a new District and County. Updated
default subgrade support values are provided within FPS 21 for every county in Texas. Also, a
database of county soil types with average Texas Triaxial Class values is uploaded. Use the
blue arrow in the bottom right corner to go to the next input page.

W Pape 1 %)
——f FPS 21 — FLEXIBLE PAVEMENT DESIGN

Texas Department of Transportation

FRDBLEM ||:|I:|B DISTRICT |2 Fort Worth EDNTHDI-|2 DATE |5xza,rznnﬂ
HIGHW Y |5|—| 114 COUMTT |245 WIEE ZECTION E Lo |'|23
COMMEMNTS

This s & dema wersion of the FFS 21 pragram

Use Exnsting
Irgul Fils

Ta Mam
Bl

Figure 6. FPS 21 Project Administrative Data Input Screen.



2.3.2 Basic Design and Traffic Inputs

In this version of FPS 21 all of the basic design criteria and traffic data are entered on the
second input screen (Figure 7). A HELP menu is provided; click on any field, select F1, and a
description of the variable and allowable values will be displayed. These details are not
provided in this report, and the user is advised to consult the HELP menu within the program
directly.

=% Page 2: Input Data

|Basic Design Criteria [Traffic Data

LENGTH OF AMALYSIS PERIOD, YRS. 20 ADT. BEGINNING [WEH/DAY) 18000
MIM TIME TO FIRST OWERLAY, Y¥RS. 15 ADT. EMD 20 ¥R [WEH/DAY) 43000
MIM TIME BET'WEEMN OWERL&YS, vRS. 10 18 kip ESAL 20K (1 DIR] [millions) 432
DESIGN CONFIDEMNCE LEVEL 95.03% o= AWG APP. SPEED TO OV. ZONE 70.
IMITIAL SERVICEABILITY IMDE= 45 AWG SPEED, OV, DIRECTIOMN 45,
FIMAL SERYICEABILITY INDE= 3 AYGE SPEED. NON-OW. DIRECTION 0.
SERVICEAEILITY INDE= AFTER OWER L&Y 42 FERCEMT ADT/HR COMSTRUCTION 5.0
DISTRICT TEMPERATURE COMSTAMT kll PERCEMT TRUCKS IM ADT 273
INTEREST RATE (%) 7.0

|Pr0gram Cantrals

Mk FUMDS /S0 YD, INIT COMNST 99.0

b THICKNESS. INIT CONST 9.0 P

MAx THICKMESS, ALL OWERLAYS 60 To Main Menu (’\‘;y

Figure 7. FPS 21 Basic Design and Traffic Inputs.

The blue arrows are for moving between pages. Using the right hand arrow advances you to the
final design input page that appears as shown in Figure 8.



~SnpulEsiEniataPavementasiriciire);

|Canst & Waint, Data.

|Detour Design for Overlays

MIN OVERLAY THICKMESS, Inches) 158 DETOUR MODEL DURING OVERLAYS 2::]
OWVERLAY CONST. TIME, HR/DAY 12.0 TOTAL MUMBER OF LANES( for bwa dirsction] 2::1
ACP COMP. DENSITY, TONS/CY 1.90 MUK OPEM LANES, OWRLAY DIRECTION 0
ACP FRODUCTION RATE. TONS/HR 200.0 MUK OPEM LANES, NON-O% DIRECTION 1
WIDTH OF EACH LANE . [Feet) 12.0 DIST. TRAFFIC SLOWED, OV DIR 06
FIRST YEAR COST, RTH MAINT ($) il DIST TRAFFIC SLOWED, NON-OY DIR 06
AMM. INC. INCR IN MAINT COST ($] 0.0
COST  MODULUS  POISH MIN M SALVAGE
MATERIAL NAME PER CY' E [ksil RATIO DEPTH DEPTH [%]
Design
Type
_— 200.0
Diraw User
Deszign
Pavement

ToMain Menu

Save to Default

Save Input File

FlEE

Figure 8. Final FPS 21 Input Screen Initial View.

2.3.3 Selecting a Traffic Detour Model

Detour models are the same as used in FPS 19. The designer is assisted in selecting the correct
model by means of a graphical display. Enter the detour model (anticipated for future overlays)
for this project by entering the appropriate number in the first field under “Detour Design for
Overlays.” A graphic will appear that displays the anticipated mode of handling traffic for the

future overlay (Figure 9).

=¥ Page 3

|Const & Maint. Data

MIN OWERLEY THICKMESS, IM. 2
OVERLAY CONST. TIME, HR/Da&Y 120
ACP COMP. DEMSITY, TOMS/CY 1.0
ACP PRODUCTION RATE, TOMS/HR 200.0
WIDTH OF EACH LAME, FT 120
FIRST YEAR COST, RTH MAINT oo
AMMN.INC. IMCR N MAINT COST oo

|Detour Design for Overlays

DETOUR MODEL DURING OWERLAYS
TOTAL HUMBER OF LAMES

NUM OFEM LANES, OWRLAY DIRECTION
NUM OPEM LANES, NON-0Y DIRECTION
DIST. TRAFFIC SLOWED, O DIR

DIST TRAFFIC SLOWED, NON-OV DIR

DETOUR DISTANCE, OYERLAY ZONE

Model Ill. Two lane merge, non-overiay direc. not affected

Typa | ——m—m————

Design ‘7\ H:‘:H:H:I Cwverlay H:‘:H:H:ﬁl/_*

_

Bl o e e e e e e
Design N

Pawernment

Click inside figure to close

32
425

0.6
0.6

0.0

To Main Menu

Save to Default

Save Input File

D

Figure 9. Graphic Corresponding to Selected Detour Model.
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Click inside the model graphic to hide the graphic and return to the original screen.
2.3.4 Selecting a Pavement Design Type

Click on Design Type to view the design type options screen shown in Figure 10. By selecting
any design type option, a template will be revealed for that type of structure.

=N Page 3
|CDnat & Maint. Data \Detour Design for Owerlays TaMain Menu
MIN DVERLAY THICKMESS. IM 2 DETOUR MODEL DURING OVERLAYS 3i|

Save to Default
OVERLAY CONST. TIME, HR/D&Y 120 TOTAL MUMBER OF LANES Zj
ACP COMP. DENSITY, TONS/CY 1.40 NUIM OPEN LANES, DVRLAY DIRECTION 1 SRRl
ACP PRODUCTION RATE. TONS/HR 2000 MNUM OPEM LANES, NON-OY DIRECTION 2
WIDTH OF EACH LAME, FT 120 DIST. TRAFFIC SLOWED, OV DIR 0E
FIRST YE&R COST, RTM MAINT 0.0 DIST TRAFFIC SLOWED, MON-OW DIR 0E
ANMLIMC. INCR IN MAINT COST 0.0 DETOUR DISTANCE, OVERLAY ZONE 0.0
Select Pavement Design Type
" 1] SURFACE TREATED + FLEX BASE OWER SUBGRADE
(" 2] ACP +FLEX BASE OVER SUBGRADE
™ 3] ACP +ASPH STAB BASE OYER SUBGRADE
" 4] ACP +ASPH 5TAB BASE + FLEX BASE OVER SUBGRADE
" 5] ACP +FLEXIBLE BASE + 5TAR SBGR OVER SUBGRADE ( :
" ] OVERLAY DESIGM ﬂ-;c.\'
i
@ UF UEER DEFNED BAVEMENT flevs tham 7 isperst
:
Exit Pavement Design Type Selection | ’/.,

Figure 10. Design Type Options.

All design type options except options 1 and 7 were available in FPS 19. Design option 1 isa
variant of the ACP + Flex Base over Subgrade option in FPS 19 (now option 2 in FPS 21)
where the final surface is a surface treatment. The same performance model is used for both
pavement types. The important new feature of FPS 21 is Pavement Design Type 7 (user defined
pavement); for this example select 7 and click on the Exit Pavement Design Type Selection
button.

This option is intended to be used for multi-layered pavement systems where four or more
layers are to be designed. This option will not permit designs of less than four layers including
the subgrade. When you first enter the screen shown in Figure 11 a tentative pavement
structure is shown with four dummy layers. There are 20 material types from which the
designer can build a pavement structure. To build the pavement structure shown in Figure 11:

a) Press the + button to increase the number of layers in the pavement to 6.

b) Use the drag and drop feature. Go to the material type; select the material type by
clicking it with the left mouse button. Hold the button down and drag the layer into the
proposed pavement structure. Start with the subgrade; click it and drag it to layer 6,
then insert the lime treated subgrade and complete the pavement structure as shown.

c) Press the Go back button to view the layer material parameters table and modify entries
if desired.



=¥ User Define Pavement

GoBack
No | Material Type ‘ 2004 Specif\calic| Design Modulus | Poigson’ Ratio | Laver Type |
1 |SURFACE TREATMENT Item 316,318 200ksi 0.35 . AL Layer
2 | DENSE-GRADED HMA Thin Item 340,341 B00ksi 0.35 . ACLayer
3 | DENSE-GRADED HMA Thick Item 340, 341 B850 ksi 0.35 | AL Layer
__ 4 |PERMEABLE FRICTION COURSE Item 342 500 ksi 0.30 | AL Layer
__ 5 |PERFORMANCE I 3/45F ltem 344 50~ 950 ksi 0.35 AL Layer
B | PERFORMANCE MIx 1 inch SF ltem 344 S0~ 950 ksi 0.35 AL Laper
7 PSTOME-MATRIX ASPHALT liem 34€ S0~ 850 ksi 0.35 AC Laper
8 |LIMESTOME ROCK ASPH PA/MT Item 330 200~ 350 kei 0.35 AL Layer
9 |HOT-Mlx COLD-LAID ACP Item 334 300~ 400ksi | 0.35 . AL Layer
RICH BOTTOM LAYER __10 |RICH BOTTOM LAYER Item 344 400~ GO0 ksi | 0.35 . ACLayer
B e 11 |FA or LFA STABILIZED llem 265 50~ 150 ksi 035 | Baselaer
__12 |ASPHALT TREATED BASE Item 232 250 ~ 400 ksi 0.35 | Base Layer
_ 13 |EMULSIFIED ASPH TRT BASE Item 314 50~ 100 ksi 0.35 Base Layer
14 |FLEXIBLE BASE Item 247 40~ 70 ksi 0.35 Base Layer
_ 15 |LIME STABILIZED BASE Item 260, 263 B0 ™ 75 ksi 030~035  BaseLayer
__ 16 |CEMENT STABILIZED BASE llem 275, 276 80~ 180ksi 0207030  Baselaper
__1F |FLY A5H OR LIME-FLY A5H STABI ltem 265 B0~ 78ksi 0.30 SubBase Layer
_ 18 |LIME[CEMENT)STABILIZED SUBG ltem 260, 275 30~ 45ksi 0.30 SubBase Layer
__ 19 |EMULSIFIED 45PH TREAT SUBG Item 314 15~ 25 ksi 0.35 | SubBase Layer
_ 20 [SUBGRADE 16 ksi 040045  Sub-Grade Layer
P

Figure 11. Building a Structure in the “User Defined Pavement” Option.
2.3.5 Editing the Material Parameters Table.

After clicking on the Go back button the screen shown in Figure 12 will appear that allows
access to the layer material parameters table. Edit the material type description, layer moduli,
and thickness ranges as desired. The default layer moduli are those currently recommended by
TxDOT for design but should be overwritten when district experience dictates. In this design
example the only layer that is to be designed is the 1-inch SF (Item 344, performance-designed
mixture) layer. It has a user defined thickness ranging from 4 to 12 inches; all other layers have
fixed thicknesses. The goal is to determine the thickness of this layer to carry the cumulative
design traffic loads.

10



=¥ Page 3

|Const & haint. Data

|Detour Design for Overlays

MIN OVERLAY THICKMESS. IN. 2 DETOUR MODEL DURING OVERLAYS 3:_%j
OVERLAY CONST. TIME, HR/DaY 12.0 TOTAL NUMBER OF LAMES 4=
ACP COMP. DENSITY, TONS/CY 1.90 MUK OPEM LAMES, OWRLAY DIRECTION 1
ACP PRODUCTION RATE, TOMS/HR 200.0 MUK OPEM LAMES, NOM-O% DIRECTION ?
WIDTH OF EACH LAME, FT 120 DIST. TRAFFIC SLOWED, OV DIR 0.6
FIRST YEAR COST, RTH MAINT 0.0 DIST TRAFFIC SLOWED, MOM-OY DIR 0.6
ANNLINC. IMCR M MAIMT COST 0.0 DETOUR DISTAMCE, OVERLAY Z0ONE 0.0
COST  MODULUS bk A SALVAGE - POISH
MATERIAL NAME PERCY E DEPTH  DEPTH RATIO
Design
Type
Dirawe User
Design
Pawement

ToMain Menu

Save to Default

Save Input File

.

Figure 12. Accessing the Layer Material Parameters Table.

2.4. Running FPS 21 and Interpreting the

Results

The program is run by selecting the red arrow button shown in Figure 12. For the inputs
provided the six possible designs shown in Figure 13 will be generated. These are ranked

according to lowest cost per square yard.

=% FPS Pavement Design Result

Froblem 00g District 2 Fort Worth Section 2 Highwway SH 114 Confidence Level: C
Contral 2 Courty 243wy Job 123 Date  226/2008 o of Best Designs 3
Design Type PAVEMENT DESIGN TYPE # 7 - USER DEFINED PAVEMEMT
Best Design Mo, Design: 1 Design: 2 Design: 3 Design: 4 Design: 5 Design: 6
Material Arangement GEF GEF) GEFJR GEF GEF) GEFIR ;"
Total Cost 46.94 43.E6 50.11 50.42 51.76 52.21 l
Mo. of Layers 3 4 5] 3 4 5]
Layer Depths finches] 20 20 20 20 20 20 I (PR
3.0 30 30 20 3.0 a0
85 75 7.0 105 9.0 85
20 20 20 20 Next Page
E0 E0
Fe-Run FPS
Mo. of Perf. Periods 2 2 2 1 1 1
Perf. Time [vears] 15. 28 16,23 1E. 29 21 21 20 M aterial T able
Overlay Policy [inches] 25 25 25 Print #5ave File
Swelling Clay Loss 0.0, 0.0 0.0, 0.0 0000 0o 0o oo Dietail Cost
= TO Main Menu
iCheck Desig Check Design | Check Design | Check Design | Check Design | Check Design |

Figure 13. Feasible Design Results Options.
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The designer must select one of these feasible designs for follow-up structural checking.
Designs 3 and 6 include all the required layer types for this proposed perpetual pavement.
Design 3 is projected to last longer than the specified minimum time to first overlay (15 years),
but then requires an overlay to reach the full 20-year design life. Design 6 is predicted to last
20 years without requiring an overlay. For this example it is proposed to perform a design
check on Design 6; so click on the Check Design button under that column. The selected
design shown in Figure 14 will appear (Pavement Plotting Screen).

=
DESIGMN - 6 PAVEMEMNT PLOTTIMNG
Period- 1 Thick (in] Fat. Type
I STONEMATHRC ASPRALT
3.00 FPERFORMAMCE M= 3/45F
Previous Design
2.50 PERFORMAMCE MI= 1 inch SF

Me=t Design
2.00 RICH BOTTOM LATER
All Design Plots
E.00 LIME[CEMEMNT] STABILIZED SUBG
Mechanistic Check
Triazial Check
Strezs Analyziz
E =it

200.00 SUBGRADE

20.5 wyears

Figure 14. Design Selected for Further Evaluation by Design Checks.

To perform a check of this structure the designer is encouraged to run both the Mechanistic
Check and the Modified Triaxial Check. Each will be described below.

2.4.1 The Mechanistic Checks

TxDOT currently recommends the mechanistic design check be run for all for all perpetual
pavement designs to verify the limiting strain criteria. For all other designs the results are for
informational purposes only. Once the Mechanistic Check button is selected the screen shown
in Figure 15 appears. Move (click and drag) the small green box under the Vary Thickness
heading to the layer being designed (in this case, only the 1-inch SF layer). Also move the
tensile strain indicator "8 to the bottom of the lowest HMA layer, in this case the RBL. Note

that the compressive strain indicator ¥ cannot be moved since the evaluation location is always
at the top of the subgrade. Then select Run.
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Thick. [in]  Modulus(ksi) W Material Marme Wary Thickness
|2.uu |E:5|J.D |D.35 ]STDNE-MATF!IX ASPHALT
|3.un |550_n |n_35 IPEHFDHM.&NCE Ml 3/45F
PERFORMANCE Ml 1 inch SF
|8.ED |350_n |n_35 |F'EF|FDHMANCE M3 1 inch SF o |n.50
|2.un |5E|D.D |n_35 |FHCH BEOTTOM LATER
|E.DU |3?.U |U_3u |LIME[EEMENT] STABILIZED SUBG
RICH BOTTORL
|200.00 [11.9 |0.40 [SUBGRADE LIME[CEMENT] STABILIZED
SUBG
Analysis Mode SUBGRADE 4
po|7-3eED2 (v Design ™ Usger Define - E
|39
_ -7z ( )—f3
v Nf—fl(‘-c'}) £y
(4 [1.37E-09 p ‘
e N,=f, ()"
i5 | 4477 d 4 ¥ | Exit |

Figure 15. Mechanistic Design Check Input Screen

In the Design analysis mode shown in Figure 15 the user cannot change the pavement structure.
However by selecting the User Define mode the thickness and layer moduli values can be
changed. This allows some flexibility in evaluating alternate materials and/or thicknesses
without re-running FPS.

The results of the mechanistic analysis are shown in Figure 16. There is one change to this
procedure as provided in FPS 19. In FPS 21, the mechanistic check is performed on the traffic
loads accumulated over the FPS-computed time to first overlay (as opposed to the 20-year
cumulative loading). For most flexible pavement designs, this period will be less than the
standard 20-year analysis period. In the example given below the computed time to first
overlay is 20.5 years; for that period the estimated traffic is 44.6 million ESALs. The
mechanistic check is performed to check that this traffic level passes the fatigue and subgrade
rutting criteria built into FPS 21. In both cases with the proposed pavement structure the
cracking and fatigue lives are close to 200 million ESALS, which is the maximum value
predicted by program.

For this case, the designer must also verify that the perpetual pavement limiting strain criteria
are not exceeded. These criteria are:

e Tensile strain at the bottom of the HMA less than 70 micro strain (the computed value
i 40.9).

e Vertical compressive strain at the top of the subgrade less than 200 micro strain
(computed value 108).

13



=¥ Form1 @

Cracking Life vs. Changed thickness

40 Ceacking Life in alliom ESAL Dresign Parameters
2] Thick. Modulus W Material Name

350 14

. |2.00 |es0.0 &3 [STONE-MATRIX ASPHALT
300

- .00 [680.0 [0 [PERFORMANCE MIX 3/45F
250
A [a.50 CETRES [FERFORMANCE M 1 inch SF
200 P B
it 0.1 |2.00 J500.0 [03s [RICH BOTTOM LAYER
1575
100 L 00 5.00 370 |0.30 |LIME[CEMENT] STABILIZED SUBG
077
50 88.48 |200.00 1.3 |0.40 [SUBGRADE
o

60 635 70 75 80 &5 20 25 100 105 110 115
Changs Thickness(in) Pavement Life

Bazed on design period: 20.5 years the design life iz [million] 44688
Rutting Life 5. Changed thickness

oo Fatting Life in raillion ESAL HMA Tensile Strain 409 Crack Life [millian] 19011
2000 Submiade Compressive Strain -108.0 Fut Life [milion] 200+
1800 2015,
1800
1400 Bl
1200 AE Check Result The Design is OK for the period:Twhich iz 2005 pears
1000 ;

200 014,

800 - 1833 s

400 B ElES = Jexas 2y

ol (ARN) -
a0 | B0 <= Transportation
ol T Al |nstitute

60 &5 70 75 80 85 90 95 100 105 110 115
Change Thickness(m)

Figure 16. Mechanistic Design Check Results.

This structure passes all of the mechanistic design checks. Details on using this design check
are more fully described by accessing the HELP menu. See also Appendix B for an example of
using the mechanistic design checks to evaluate a non-perpetual flexible pavement structure.

2.4.2 The Modified Texas Triaxial Check

The Modified Triaxial check is mandatory for all pavement designs in Texas, although as
previously stated the results may be waived with justification by the approving engineer. In the
screen shown in Figure 16, select Exit, then select Triaxial Check in the pavement plotting
screen (Figure 14). The screen shown in Figure 17 will appear.
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=¥ Texas Triaxial Design Check for Pavement - 1

The Heaviest Wheel Loads Daily [ATHWLD] 12000, ib] Triasial Thickness Required (inches) li
Percentage of Tandem Axles ’507 (%] The FPS Design Thickness  [(inches] ’7
Modified Cohesiometer Value [ Cr) 100. Reference Allowable Reduction (inches) [

Modified Triaxial Thickness [inches) ’7

Input Subgrade Texas Triaxial Class  [TTC) |

@ Dption 1: Input TTC based on TEX-117-E
(" Option 2 Enter soil Pl to estimateTTC

" Dption 3: Select TTC based an predaminate soil lype

Thick. [in]  Modulus(ksi) W b aterial M ame

200 |500.0 [035  [ASPH CONC FYMT

|5.00 |50.0 [n35  [FLEXIBLE BASE

|00 [1250 [n20  [STABILIZED SUBGR STABILIZED SUEGR
[20000 |16 [n40  [SUBGRADE(200]

Brint
SUBGRADE(200) e

e

Figure 17. Modified Texas Triaxial Check Input Screen.

Three options for supplying the subgrade Texas Triaxial Class (TTC) are provided for in this
version of FPS 21.

e Option 1 (as selected in Figure 17) requires the designer to input the value based on
laboratory tests, historic lab data, and/or experience.

e Option 2 allows the user to estimate the TTC based on the soil Plasticity Index. If this
option is selected, a field appears and the user inputs the controlling soil PI for the
project. The TTC is automatically calculated.

e Option 3 recalls a database of soils information for the applicable Texas County and
posts it to the Texas Triaxial Design Check Screen. This is shown in Figure 18. When
this is selected, the Unified Soil Classification System (UCS) soils type, the percentage
of the county that is covered by each soil type, and the TTC of the each soil are
displayed. The user clicks on the soil type that best corresponds to the project subgrade,
for example the CL 5.0 box, and that TTC value is used in the Modified Texas Triaxial
calculation.
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[MILLO 3]

The Heaviest Whesl Loads Daily [4THWLD] 12000. [b] Triaxial Thicknesz Required [inchesz] 2263
Percentage of Tandem Axles 0. (%) The FPS Design Thickness  [inches) 16.00

Modified Cohesiometer Value [ Cm) |‘IDDD | Fieference Allowable Reduction (inches) 4.92

Modified Triaxial Thickness (inches) 17.71

Design Fails !

Input Subgrade Texas Triasial Class  [TTC) 5.00
" Option 1: Input TTC based on TEX-117-E
" Option 2: Enter soil Pl to estimateTTC Soil type:

& DOption % Select TTC bazed on predominate soil tpe

oo,

54% 37%

L L 1%

£ <o

2%
o

Thick. [in]  Modulug(ksi] Y M aterial Mame

|00 |s00.0 [035  [ASPH CONC PYMT

|5.00 |50.0 [0.35  [FLEXIBLE BASE

|&.00 [1250 [nz0  [STABILIZED SUBGR STABILIZED SUBGR
|zo000 [0 [nd0 [SUBGRADE(200]

Brint
SUBGRADE(200] =i

Exit

ali

Figure 18. Option 3 for Selecting the Soil TTC from Soils Database.

In the example shown above the selected soil type is the CL (clay), which is reported to cover
54 percent of the selected county. This soil in this county corresponds to a TTC value of 5.00,
which is entered as the input to the calculation. For this particular pavement design a cement
stabilized layer was used, using the Reference button a drop down table of materials is
presented. Selecting the Cement stabilized option the modified Cohesiometer value was set at
1000. This pavement structure fails the Triaxial check. The FPS 21 design consists of 16
inches of cover over the subgrade. For this check the total amount of cover required was 17.7
inches. To meet the Modified Triaxial requirement one option would be to increase the base
thickness by 2 inches. Details on using this design check are more fully described by accessing
the program HELP menu.

2.4.3 Stress Analysis Tool (Post FPS Design Analysis)

Another user option in FPS 21 is to perform a stress analysis of the designed structure. This
“Stress Analysis” option is also accessed from the Pavement Plotting screen (Figure 14). In the
example shown below, the simulated FWD deflection bowl for the proposed pavement design
can be generated. This information could be used post-construction as a construction check to
verify design requirements were achieved, or it could be used during design to determine
structures that might return a deflection deemed suitable for project requirements.
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Figure 19. Stress Analysis Tool as Accessed from the Pavement Plotting Screen.

In this example the temperature corrected (design) maximum deflection for this highway at the
9000 Ib load level would be 6.5 mils and the value for the outer sensor (subgrade strength)
would be 1.9 mils. Field FWD deflections significantly higher than this would be a cause for
concern. Details on using this tool are more fully described by accessing the program HELP
menu.
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APPENDIX A.
THICKNESS DESIGN COMPARISON: FPS 19 VERSUS FPS 21 FOR
COMPARABLE PAVEMENT DESIGN TYPES

This appendix shows examples of comparable design types run in both FPS 19 and FPS 21.

In all cases the generated thickness designs are identical.
In the following figures, Figure a) shows the identical inputs supplied to both programs, Figure

b) shows the FPS 21 thickness design results, and Figure ¢) shows the FPS 19 comparable
thickness design results.
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=k Input Design Data (Pavement Structure)

|Const & hdaint. Data |Det0ur Design for Cwverlays Tao Main Menu
MIN OYERLAY THICKNESS, (Inches) 2 DETOUR MODEL DURING OVERLAYS =
Save to Default
DOVERLAY CONST. TIME, HR /DAY 12.0 TOTAL NUMBER OF LANES for two direction] =
ACP COMP. DENSITY, TONS/CY 1.90 NUM OPEN LENES, OVRLAY DIRECTION 1 Save Input File
ACF PRODUCTION RATE, TONS/HR 200.0 NUM OPEN LANES, NON-0% DIRECTION 1
wIDTH OF EACH LANE, [Feet] 120 DIST. TRAFFIC SLOWED, 0¥ DIR 06
FIRST YEAR COST, RTN MAINT (4] 100 DIST TRAFFIC SLOWED, NON-OV DIR 06
ANN. INC. INCR IN MAINT COST () 200
COST  MODULUS  FPOISN  MIN MaX  SALVAGE
E(ks]  RATID  DEPTH ]
Design
Type

a) Inputs to both programs (18 kips = 0.5M, TFO =10 years, min PSI = 2.5)

=% FPS Pavement Design Result

ooe Distict 14 Austin Section 2 Highway SHE3 Confidence Level: C
1234 1%

Froblem

Contral County BASTROP Job 123 D ate 2/8/2011 Mo. of Best Designs 1

Design Type PAVERMEMNT DESIGH TvFPE # 1 - SURFACE TREATED + FLEX BASE OWER SUBGRADE

Eest Design Mo. Design: 1

Material Arangement LB

Total Cost 12.34

Mo. of Lavers 2

Layer Depths [inches) 0.5
125

Mo. of Perf. Periods 2

Perf. Time [years] 10, 36 M aterial T able
Overlay Policy [inches) 25 Print /S ave File
Detail Cost

Check Design hech J heck I tiech I heck I heck I TO Main kenu I

=% FPS Pavement Design Result

Prablern 0os Dristrict 14 County 11 Highweay  SH 63 Confidence Lewel: c
Control 1217 Section o1 Jdab 014 Drate 24852011 Mo, of Best Designs 1
Design Type PAVERMEMT DESIGM TWFE # 1 -- ACF + FLE> BASE OWER SUBGRADE

Fe-Fun FPS td aterial T able Frint /Save File Dretail Cost TO Main Menu

Best Design No. Design- 1
Material &rrangernent 2B
Total Cost 12.244
Mo, of Layers )
Layer Depths [mches) .50

12,50
Mo of Ferk Periods 2
Pedk. Tive [years) 10, 36
Owerlay Folicy (imches] 250
Swelling Clay Loss 0.00,0000

c) FPS 19 Design Thicknesses
Figure A.1. Design Type 1 Surface Treated Pavement.
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Input Design Data (Pa nt Structure)

|Const & Maint. Data |Det0ur Design for Owverlays To Main Menu
MIM OVERLAY THICKMESS, (Inches) 20 DETOUR MODEL DURING OVERLAYS | e 10 Dt
OVERLEY CONST. TIME, HR/DAY 120 TOTAL NUMBER OF LANES( for two direction] 2=

ACP COMP. DENSITY, TONS/CY 190 UM DPEM LANES, O¥RLAY DIRECTION i Eeilienle
ACP PRODUCTION RATE, TONS/HR 200.0 NUM OPEN LANES, NON-0Y DIRECTION ]

WIDTH OF EACH LANE, [Feet) 120 DIST. TRAFFIC SLOWED, 0V DIR 0B

FIRST YEAR COST, RTN MAINT (5] 100.0 DIST TRAFFIC SLOWED, NOM-CV DIR 0F

ANN. INC. INCR IN MAINT COST (%) 200.0

COST  MODULUS  POISH MM bl SALVAGE
MATERIAL NAME FER Cv' E [ksi] RATIO DEFTH  DEPTH [%]

Design
Type

a) Inputs to both programs (18 kips = 1M, TFO = 10 years, min PSI = 2.5)

esign Result

Problem 00g District 14 Austin Section 2 Highway SHE3 Confidence Level: C
Contral 1234 County 11 BasTROR Job 123 Date /82011 Mo of Best Designs 18

Design Type PAVEMENT DESIGN TYPE # 1 -- SURFACE TREATED + FLEX BASE O%ER SUBGRADE

Best Design Mo. Design: 1 Design: 2 Design: 3 Design: 4 Design: 5 Design: 6
 aterial Arangement AR AR AR AR AB AR g
Tatal Cost 1415 1415 14.24 14.40 14.50 1476 l
Mo, af Lavers 2 2 2 2 2 2
Layer Depths (inches) 35 35 1.5 4.0 1.5 30

E.0 7.0 130 E.0 125 85

Mext Page

Mo. of Perf. Periods 2 2 2 2 2 2

Perf. Time [vears) 10021 11.20 1121 12,22 10,21 1021 Material T able
Owerlay Palicy (inches) 30 25 25 25 3.0 30 Print /S ave File

Design Type PAVEMENT DESIGN TYPE # 2 - ACP + FLEX BASE OVER SUBGRADE

b) FPS 21 Design Thicknesses

Froblem ooe Dristrick 14 County 1 Highway SH E3 Confidence Level: c
Contral 1217 Section o1 Job or4 Date 24842001 Mo. of Best Designs 16
Design Type PAVEMENT DESIGH TWPE # 1 - ACF + FLEX= BASE OWER SUBGRADE
Mext Page Fe-Run FPS bd aterial T able Frint /S awe File Detail Cost TO Main Menu
Eest Design Ho. Design- 1 Design- 2 Design- 3 Design- 4 Design- 5 Design- &
Haterial Airamgerment Fs] ] B AEB AR B
Total Cost 14.148 14.185 14.237 14.404 14.499 14.757
Vo of Lagers 2 2 2 2 2 2
Layer Depths (mohes] 2.50 2.50 1.50 4.00 1.50 2.00
6.00 F.00 132.00 6.00 12.50 2.50
Wo.of Ferf. Feriods 2 2 2 2 2 2
Ferk. Thne (wears) 10, 21 11,20 11, 21 12, 22 o, 21 10,21
Cieerlay Folicy (mches) 2.00 2.50 2.50 2.50 3.00 2.00
Swellmg Clay Loss 0.00,0.00 0.00.0.00 0.00,0.00 0.00,0.00 0.00,0.00 0.00.0.00

c) FPS 19 Design Thicknesses
Figure A.2. Design Type 2 Thin HMA Surface.
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nt Struct

|Const & Maint. Data

[Detour Design for Owverlays

Design
Type

MIN OYERLAY THICKNESS. (Inches] 2.0 DETOUR MODEL DURING OVERLATS Zil
OVERLAY CONST. TIME. HR/DAY 12.0 TOTAL MUMBEER OF LAMES( for bwo dirsction] Zil
ACP COMP. DENSITY. TOMS/CY 1.90 HUM OPEN LANES, DWRLAY DIRECTION 0
ACF PRODUCTION RATE. TOMNS/HR 200.0 HUM OPEN LANES, NOM-OY DIRECTION 1
WIDTH OF EACH LAME. [Feet) 12.0 DIST. TRAFFIC SLOWED, OV DIR 0.6
FIRST YEAR COST. RTH MAINT [§] 100.0 DIST TRAFFIC SLOWED, NON-OY DIR 0.6
AMNCIMC, INCR [N MAINT COST ($] 200.0

COST  MODULUS  FODISN MIN A= SALVAGE

MATERIAL MAME PER CY E [ksi] RATIO DEFTH DEFTH (%]

To Main Menu

Save to Default

Save Input File

a) Inputs to both programs (18 kips = 5M, TFO =10 years, min PSI = 2.5)

ign Result

b) FPS 21 Design Thicknesses

Prablem 006 Dristrict 14 Austin Section 2 Highweay SH B3 Confidence Level: C
Control 1234 County 11 BasTROP Job 123 Date 2B ya of Best Designz 8
Design Type PAYEMERT DESIGH TYPE # 3 - ACP + A5PH STABR BASE OVER SUEGRADE
Best Design Mao. Design: 1 Design: 2 Design: 3 Design: 4 Design: 5 Design: 6
Material Arangement AR &B AR AR AR AR 5
Total Cost 14.85 1513 15.41 15.62 16.23 16.52 l
Mo. of Layers 2 2 2 2 2 2
Layer Depths (inches) 15 20 28 a0 15 20
7.0 E.5 E.0 5.5 9.0 2.5
Mest Page
Mo, of Perf. Periods 2 2 2 2 1 1
Perf. Time [years] 11,28 11,28 12,28 12,29 21 21 tdaterial T able
Overlay Policy [inches) 25 25 25 25 Print /Save File

Problem aos Driztrict 14 County 11 Highwway SH &3 Confidence Lewel: C
Cantrol 1217 Section o1 Job o014 Date 24742011 Mo, of Best Designs g
Design Type PEVEMENT DESIGM TWPE # 2 - ACF + ASPH STAEB BASE OWER SUBGRADE

MHesxt Page Fe-Fun FPS b aterial Table Frint /5 ave File Dretail Cost TO kain kenu

Eest Design No. Design- 1

IMaterial Arrangernent a8
Total Cost 14.247
Ho. of Layers ]
Layer Depths [inches) 1.50
7.o0
Ho. of Ferk. Feriods 2
Fert. Time [years] 11. 28
Owerlay Folicy [mches) 2.50
Swelling Clay Loss 0.00.0.00

Design- 2
et

165129
2

2.00
E.50

2
11,28
2.50
0.00.0.00

Design- 3 Design- 4

~B OB
15.411 15.619
F F
2,50 3.00
E.00 550
2 2
12, 28 12,29
2.50 2.50
0.00.0.00 0.00.0.00

c) FPS 19 Design Thicknesses
Figure A.3. Design Type 3 Full-Depth HMA.
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Design- 5
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Design- 6
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nput Design Data (Pavement Structure)

[Const & Maint Data.

|Detour Cesign for Overlays

Design
Type

RATIO
0

DEPTH
]

MIN OVERLAY THICKNESS, [Inches) 2 DETOUR MODEL DURING DVERLAYS 2=
DWERLAY CONST. TIME, HR/DAY 12.0 TOTAL NUMBER OF LANES( for bwo direction) 2=
ACP COMP. DENSITY, TONS/CY 1.40 NLUM DPEN LAMES, OVRLEY DIRECTION ]
ACF PRODUCTION RATE. TONS/HR 200.0 NUM OPEN LANES, NON-DY DIRECTION y
4wIDTH OF EACH LANE. Feet) 12.0 DIST. TRAFFIC SLOWED, O DIR 0
FIRST YEAR COST. RTH MAINT (3) 0.0 DIST TRAFFIC SLOWED, NON-OV DIR 0
ANM. INC. INCR IN MAINT COST (3] 0.0

MATE RIAL NAME COST  MODULUS  POISN MIN SAL?;.SGE

To Main Menu

Save to Default

Save Input Filz

il

b) FPS

21 Design Thicknesses

Praoblerm 00& District 18 Dalias Section 2 Highway SH B3 Confidence Level: C
Contral 1234 County UoErigs Job 123 Date 272000 Mo of Best Designs El
Design Type PAYEMENT DESIGN TVPE # 4 - ACP + A5PH 5TAB BASE + FLEX BASE OVER SUBGRADE
Best Design Mo Design: 1 Design: 2 Design: 3 Design: 4 Design: 5 Design: 6
tdaterial Arangement ARC ABC ABC ABC ABC ABC s
Total Cost 24.08 2436 2464 24.92 26.21 26.35 l
Mo. of Lapers 2 2 2 3 2 3
Layer Depths [inches) 2.0 25 3.0 35 4.0 2.5
8.0 7.5 7.0 E5 E.0 10.0
120 12.0 120 120 120 120
MNext Page
Mo of Perf. Periods 2 2 2 2 2 1
Perf. Time [wears) 11. 24 11, 24 11. 24 11. 24 11. 23 22 Material Table
Owerlay Policy [inches) 25 2.5 25 2.5 25 Print /5 ave File

Froblem

Control 1217

District

Section

14

m

SH B9

County 11 Highweay

Job 14 Date 27,2011

Design Tepe PAYERMEMT DESIGH TWPE # 2 - ACP + ASPH STAE BASE + FLEX BASE OVER SUBGRADE

Confidence Level:

Mo. of Best Designs

Mext Page

Fe-Run FFPS

taterial Table Frint /S awve File

Detail Cost

TO Main Menu

Eest Design Ho Design- 1

Taterial & angement ABC
Total Cost 24 072
Mo, cELayers 3
Layer Depths (fohes) 2.00
2.00
1z.00
Ho. of Ferk. Feriods 2
Fert. Time [pears) 11, 24
Ouerlay Policy [mches) 250
Swellmg Clay Loss o.00.0.00

Design- 2
ABC
24 360
3

2.50
750
1z2.00

2
11, 24
2.50
0.00.0.00

Design- 3 Design- 4

ABC ABRC
24 E42 24.924
g =]
200 3.50
F.oo E.50
12.00 1200
= 2
11, 24 11, 24
2.50 2.50
0.00.0.00 0.00.0.00

c) FPS 19 Design Thicknesses
Figure A.4. Design Type 4 Full-Depth HMA with a Flexible Subbase Layer.
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Design- 5

ARC
25206
3

4.00
E.00
12.00

2
11,23
2.50
0.00.0.00

Design- 6
ARC
26 346
3

2.50
10,00
12.00




Input Design Data (Pavement Structure)

|Cun5t & haint. Data |Detuur Design for Owerlays To Main Menu
MIN OVERLAY THICKNESS. Inches) 20 DETOUR MODEL DURING OVERLAYS 2=
Save to Default
OVERLAY CONST. TIME, HR/DAY 12.0 TOTAL NUMBER OF LANES for twa direction) 2=
ACP COMP. DENSITY, TONSACY 1.90 NUM OFEN LANES, OVRLAY DIRECTION i Save Input File
ACP PRODUCTION RATE. TONS/HR 200.0 MUM OPEN LANES, NON-OY DIRECTION 1
WIDTH OF EACH LANE. [Feet] 12.0 DIST. TRAFFIC SLOWED, OV DIR 06
FIRST YEAR COST. RTN MAINT (%] 100.0 DIST TRAFFIC SLOWED, NON-0Y DIR 06
ANM. INC. INCR IN MAINT COST (%] 200.0
COST  MODULUS — POISH MIN MY SALVAGE
LYR MATERIAL MAME PERCY  E [ksi DE %)
i
Design
Twpe

a) Inputs to both programs (18 kips = 2.5M, TFO =10 years, min PSI = 3.0)

FPS Pavement Design Result

Frablern 0oG Drigtrict 18 Dalias Section 2 Highway SHE3 Confidence Level:
Contral 1234 County EL Job 123 Date 2474201 Ma. of Best Designs 2

Design Type PAYVEMENT DESIGH TYPE #5 - ACP + FLEx BASE + 5TAR SBGR OWVER SUBGRADE

Best Design Mo, Design: 1 Design: 2
Material Arangement ABC ABC
Total Cost 1212 14.75
Mo, of Lapers 3 3
Layer Depths [inches] 20 2.0

ED 120

an a0
Mo. of Perf. Periods 2 1

Ferf. Time [vears] 12,28 21 4 aterial T able
Owerlay Palicy [inches] 25 Print /5 ave File
b) FPS 21 Design Thicknesses

FP5 Pavement Design Result

Problem 00& Driztrict 14 County 1 Highwuay SHES Confidence Lewvel: c
Control 1217 Section o Job o014 Date 2475201 MHo. of Best Designs 2
Design Type PAVYEMEMT DESIGH TWFE # 4 - 4CF + FLEX BASE + STaB SBEGR OWER SUBGRADE
Re-Run FPS k aterial T able Frint /Sawve File Dretail Cost TO kain kMenu
Eest Design No. Design- 1 Design- 2
Material Arrangernent FA=T SBC
Total Cast 12117 14.754
Wo. of Lagers 3 3
Layer Depths (hmohes] 2.00 2.00
E.00 1200
8.00 a.00
No.of Perk. Periods = 9
Fert. Time [years) 12,28 21
Omeerlay Folicy (mches) 2.50
Swellmg ClapLaoss 0.00.0.00 0.o0

c) FPS 19 Design Thicknesses
Figure A.5. Design Type 5 Stabilized Subbase with a Flexible Base Layer.
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=K |[nput Design Data (Pavement Structure)

|CDnst & Maint. Data \Deluur Design for Owerlays T bain Menu

MIN DWERLAY THICKMESS, Inches] 2.0 DETOUR MODEL DURING OWERLAYS Qil

OWERLAY CONST. TIME, HR /Dy 120 TOTAL NUMBER OF LANES( for bwo direction) ]

ACP COMP. DENSITY, TONS/CY 1.90 MUM OPEN LAMES, DWRLAY DIRECTION ] Save Input File
ACP PRODUCTION RATE, TOMS/HA 200.0 NUM OPEN LAMES, NON-OV DIRECTION 1

WIDTH OF EACH LAME ., [Feel] 12.0 DIST. TRAFFIC SLOWED. OV DIR 0.6

FIRST YEAR COST. RTM MAINT [$] 100.0 DIST TRA&FFIC SLOWED, MOM-0W DIR 0E

ANN. INC. INCR IM MAINT COST ($] 200.0

COST  MODULUS  POISH
MATERIAL NAME PER Cv' E [ksi] RATIO
700 0

Mz SALVAGE
DEPTH

Design
Type

a) Inputs to both programs (18 kips = 6M, TFO =10 years, min PSI = 3.0)

FPS Pavement Design Result

Problem DOg Diistrict 18 Dalizs Section 2 Highway SH B3 Confidence Level:

Control 1234 County A Eris Job 123 Date 274201 Wo. of Best Designs 2

Diesign Type PAYEMENT DESIGH TvFE #5 - USER DEFINED PROBLEM UP TO FIVE LAYERS

Best Diesign Mo Design: 1 Design: 2
4 aterial Arrangement AEC ABC
Total Cost 1469 18.08
Mo. of Layers 3 3
Layer Diepths [inches] 55 8.0

5.0 5.0

100 0o

Fie-Run FPS

Mo. of Perf. Periods 2 1

Ferf. Time [pears] 11, 26 21 taterial T able

Overlay Policy [inches] 25 Frint /5 ave File
b) FPS 21 Design Thicknesses

Problem 0o& Diistrict 14 County " Highweay  SHES Confidence Level [
Contral 1217 Section o1 Job 014 D ate 24742011 Mo. of Best Designs 2
Design Type PAVEMEMNT DESIGH TWPE # 5 -- USER DEFINMED PROELEM UF TO FIWE LAYERS
FRe-Run FFS katerial Table Frint /S ave File Cretail Cost TO b ain Menu
Eest Design No. Design- 1 Design- 2
Haterial Ariamgernent AHBC ABC
Taotal Cost 14.EEE 18.021
Ho. oELagers 3 3
Layer Depths [mohes) 5.50 2.00
5.00 5.00
10,00 10.00
Ho. of Peik. Periods 2 1
Pert. Time [years) 11. 25 21
Dwerlay Bolicy (rohes) 2,50
Swelling Clay Loss 0.00.0.00 0.00

c) FPS 19 Design Thicknesses
Figure A.6. Design Type 6 Overlay Thickness Design.
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=8 User Define Pavement

GoBack

‘2004 5pecificat\c| Design Modu\us| Paizson' Batio |

This problem is identical to Design Type 4 presented earlier, this time the pavement structure
was built under the User Defined (type 7) option.

®

Design
Type

=¥ FPS Pavement Design Result

Material Type Layer Tupe
SURFACE TREATMENT Item 31E, 318 200 ksi 0.35 AL Layer
__2 |DENSE-GRADED HMA Thin Item 340, 341 500 ksi 035 AL Layer
DENSE-GRADED HMA Thick Item 340, 341 A ksi 035 AL Layer
PERMEABLE FRICTION COURSE Item 342 | 500 ksi 030 AL Layer
PERFORMAMCE MIx 3/45F Item 344 | B50 " 950ksi 035 AL Layer
__B | PERFORMAMCE MIX 1 inch SF Item 344 E50 ~ 950 ksi 035 AL Layer
STOME-MATRIX ASPHALT Item 346 | B50~ B50ksi 0.35 AL Laver
LIMESTONE ROCK ASPH PYMT Item 330 200~ 350 ksi 035 AL Layer
HOT-Mix COLD-LAID ACP Item 334 | 300~ 400 ksi 0.35 AL Layer
RICH BOTTOM LAYER Item 344 | 400~ 600 ksi 0.5 AL Layer
F& or LFA STABILIZED Item 265 50~ 150ksi 035 Base Layer
__12 |ASPHALT TREATED BASE Item 292 250~ 400ksi 035 Base Layer
EMULSIFIED ASPH TRT BASE Item 314 50~ 100 ksi 035 Base Layer
FLEXIBLE BASE ltem 247 40~ 7O0ksi 035 Base Layer
LIME STABILIZED BASE Item 260,263 B0~ 7Aksi 030035  Baselayer
CEMENT STABILIZED BASE ltem 275,276 80~ 160ksi 0207030  Baselayer
__17 |FLY ASH OR LIME-FLY ASH STABI Item 265 0~ 45ksi 0.30 | SubBase Layer
LIME(CEMENT] STABILIZED SUBG Item 280, 275 30~ 48 ksi 030 SubBase Layer
EMULSIFIED ASPH TREAT SUBG Item 314 30~ 45ksi 0.35 | SubBase Layer
SUBGRADE 16 ksi 040~ 045  Sub-Grade Laper
MODULUS — POISH MIN Mas  SALVAGE

E [ksi)

Prablern n0e District 18 Dalias Section 2 Highwway SHE3 Confidence Level: o
Contral 1234 County 1 osris Job 123 Date 2/7201 Mo of Best Designs El
Design Type PAVEMENT DESIGM TYPE # 7 - USER DEFINED PAVEMEMNT
Best Design Mo Design: 1 Design: 2 Design: 3 Design: 4 Design: 5 Design: 6
I aterial Arangement GFiA GFH GFiA GFH GFiA GFK g
Total Cost 24.08 24.36 24.64 24.92 2531 26.35 l
Mo. of Layers 3 3 3 3 3 3
Layer Depths finches] 20 25 20 25 40 25 fickiousRags |
a0 7.5 7.0 E.5 E.0 100
120 120 120 120 120 120
MNext Page |
Fie-Run FPS |
Mo, of Perf. Periods 2 2 2 2 2 1
Perf. Time [vears) 11. 24 11. 24 11. 23 11. 23 10,23 22 kdaterial Table |
Owerlay Policy [inches) 2.5 2.5 2.5 2.5 2.5 Print #S.ave File |

b) FPS 21 Design Thicknesses (Identical to Pavement Design Type 4)
Figure A.7. Design Type 7 User Defined Pavement Structure.
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APPENDIX B.
MECHANISTIC CHECKS:
NON-PERPETUAL PAVEMENT CASE

This appendix shows an example of using the mechanistic checks on a typical non-perpetual
pavement design. The design type selected was a Type 5 structure (ACP surface, flex base,
stabilized subgrade on natural subgrade). For purposes of this design, the following FPS inputs
were used to generate an initial set of feasible designs:

Cumulative ESALSs 2M

Initial Sl 4.5
Terminal SI 3.0
Confidence Level 90.0% (B)
HMAC modulus 500 ksi
Flex Base modulus 45 ksi
Stab. Subgrade modulus 35 ksi
Subgrade modulus 8 ksi

As described in Section 2, paragraph 2.4 of this manual, the designer will first run FPS 21 to
generate a selection of feasible designs. Using the above inputs, Figure B.1 shows the Design
Results screen for this problem.

I c i . . ;
2 kS Fayvement Design Besult

Froblem 0oe Diistrict 14 Aue Section 2 Highwway FM 373 Confidence Level: B
Control 1234 Courty 227 75 Job 123 Date BA42MT Ny of Best Designs 3
Design Type PAVEMEMNT DESIGM TYFE # 5 ACP + FLEX BASE + 5TAB SBGR OVER SUBGRADE
Best Design Ma. Design: 1 Design: 2 Design: Design: 4 Design:
M aterial Arangement ABC ABC ABC ABC 4BC s'
Tatal Cost 16.72 16.99 17.56 20,79 23.05 l
Mo, of Layers 3 3 3 3 3
Layer Depths [inches) 20 20 25 45 4.0 :
E5 6.0 E.0 E.0 10.5
80 8.0 a0 8.0 8.0
Fe-Run FPS
Mo, of Perf. Periods 2 2 2 1 1
Perf. Time [vears) 10, 20 10,22 11,22 20 20 Material Table
Overlay Policy [inches) 20 25 20 Frint /Save File
Detail Cost
Check Design | Check Design | E'Eheck Dresign: Check Design | Check Design | | T0 kdain Menu |

Figure B.1. Feasible Design Results.
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Based on the design options given, the designer would like to investigate design 3 further.
Clicking on the Check Design button beneath these results will display the pavement plot with
design check options as shown in Figure B.2.

[x]

DESIGN - 3 PAVEMENT PLOTTING
Period- 1 Period- 2 Thick (i Mat Tupe
200 First Owerlay Erint |
250 ASPH COMC PWMT
Previous Design |
.00 FLEXIELE BASE
Mext Design |
8.00 STABILIZED SUBGR R R |
Mechanistic Check|
Triaxial Check |
200.00 SUBGRADE[200)
Strezz Analysis |
10.8 years 21.7 years

Figure B.2. Design 3 Selected for Further Evaluation by Mechanistic Checks.

By selecting the Mechanistic Check button, the screen shown in Figure B.3 will appear.

Thick. fin]  Modulus(ksi] v Material Name Vary Thickness
{250 [500.0 |EES {ASPH CONC PYMT

[B.00 [45.0 [ES [FLEXIBLE BASE @ [0

[g.00 fa5.0 Joao [5TABILIZED SUBGR

|z00.00 |e.0 |o40 [SUBGRADE200)

—Analysiz Mode
f |?.98E-D2 @ Design  Uszer Define

|3 - -
o |.854 Nf:fi(&}) Tk (El) 73

f4 |1.3?E-DS y | —— 1
f5 |4-4?? Na’ = f4(£v) ’

Exit |

Figure B.3. Mechanistic Design Check Input Screen.

28



Note in the upper left of the screen are all the structural layer material parameters as originally
entered by the designer in FPS, and layer thicknesses calculated for the first performance

period as determined by the FPS run under Design 3 shown in Figure B.1. The designer wishes
to evaluate the sensitivity of the flexible base layer thickness so the green box beneath the Vary
Thickness heading is dragged to this layer level and the thickness increment is set to

1.0 inches. The designer verifies that the tensile strain indicator ™8 is located at the bottom
of the asphalt concrete layer. The designer decides to use the default fatigue cracking and
subgrade rutting equations (Asphalt Institute).

The Asphalt Institute (Al) equations as used in FPS date back to the early 1980s. In the case of
the fatigue cracking performance equation, the parameters apply to a typical dense-graded
HMAC mixture with 5 percent air voids, using an unmodified binder at 11 percent by mixture
volume (roughly 4.8 to 5.0 percent asphalt content by weight). The Al failure criterion is

20 percent of the highway surface is cracked. In the case of subgrade rutting, the Al
performance equation does not evaluate the susceptibility of the flexible base or HMAC layers
to rutting, and failure is defined as 0.5 inch rutting as evaluated at the surface of the pavement.

The fatigue and rutting performance equation fields are active links to several other fatigue or
rutting performance equations that the designer can select for alternate evaluations. Also, the
designer can directly input alternate coefficient values (f; through fs) to any of these
performance equations by overwriting the defaults. For example, Craus et al. concluded that
for HMAC surfaces thinner than 4.0 inches, f; = 0.0636" for the Al fatigue performance model,
which effectively reduces the number of repetitions to failure for thinner HMAC surfaces.

'Craus, J., R. Yuce, and C.L. Monismith, 1984, “Fatigue Behavior of Thin Asphalt Concrete Layers in Flexible
Pavement Structures,” Proceedings, Association of Asphalt Paving Technologies, Vol. 53, pp. 559-582.
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Once the designer has made all desired inputs, the Run button is selected, and the mechanistic
analysis output is displayed as shown in Figure B.4

}E' Fefl ‘“3

Cracking Life vs. Changed thickness Benn
g Cracking Life i mllion ESAL esign Parameters

0.55 : //nﬂ_/-ir— E = o = Thick. Modulus " M aterial Mame
0.50 s e : 250 5000 &S [RSPH CONC PYMT
04s S e U

040 g A5 |6.00 [450 3 [FLEXIBLE BASE
- = [2.00 [0 030 [ETABILIZED SUBGR
025 |200.00 [a.0 |n.a0 [SUBGRADE(200)

0.20
015
010
0.03
o.oo

200 300 400 500 &00 700 800 200 1000 11.00
Change Thickness(in) Pavement Life

Based on design period: 10.8 pears the traffic ta first averlay is [million] 0,365
Rutting Life ws. Changed thickness
Eutting Life in million ESAL HM& Tenszile Strain 2780 Crack Life (million) 0.55

72 Subgrade Compressive Strain -972.0 Fut Life [milion) 0.44

Check Result The Design is Failed by Auting and Cracking for the period: 1which is 10.8 pears

= i = Texas i _En |
e 4 Transportation
ot o Al [nstitute

200 300 400 500 600 700 800 900 1000 1100
Change Thickness(in)

D b L s L 3 S 00D D B Lo e L S D
Soododoadoooadoaoas

e TR L T T

Figure B.4. Mechanistic Design Check Results.

Looking at the center-right hand part of the screen the designer looks at the Pavement Life
section and notes the following:

e The estimated cumulative ESALS to the end of the first performance period at
10.8 years is 0.965M.

e The estimated number of 18-Kip repetitions to failure in fatigue is 0.55M (~57 percent
of the projected ESALS by the end of the 1% performance period).

e The estimated number of 18-kip repetitions to failure in subgrade rutting is 0.44M
(~46 percent of the projected ESALS by the end of the 1% performance period).

e Both of these failure modes are likely to occur before the FPS predicted time to first
overlay and the Check Result message accentuates this. This FPS option could be
under-designed.

By looking at the left hand side of the screen, the designer can evaluate the effect on the
performance for these two failure criteria by increasing (or decreasing) the flexible base layer
thickness in 1.0-inch increments. Projected ESALSs to failure are given on the vertical axis
versus the flexible base layer thickness. Also, data labels are given for the estimated ESALS to
failure on the trend line. In the case of fatigue cracking, increasing the base thickness has little
benefit, whereas for protecting the subgrade from rutting, small increases in flexible base
thickness are relatively beneficial.
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The structural parameters given in the table at the upper right are for reference purposes only
and cannot be edited from this location. The designer now wishes to evaluate the mechanistic
performance of a design using slightly thicker HMAC and base layers, without having to re-run
FPS for the time being (for documentation purposes, a final run of FPS should be run after any
follow-on mechanistic evaluation if the designer chooses to alter the layer thicknesses, moduli,
etc.). Select the Exit button to return to the Mechanistic Checks input screen. Now the designer
decides to select the User Define option in the Analysis Mode section at the center of the
screen (Figure B.5). The designer overwrites the FPS-generated design thicknesses for the
HMAC surface by inserting 3.5 inches and the Flexible Base thickness by inserting 8.0 inches.
Note that this combination of layer thicknesses was not offered in the original feasible design
options given in Figure B.1. Also, the designer would now like to evaluate the sensitivity of
increasing the HMAC thickness in 1.0-inch increments, so the green box under the Vary
Thickness heading is dragged to the surface layer.

[fﬂ-f_-;echz_luj;':jf_' DesiBnC OV EMEN =N @1
Thick. fin]  Modulus(ksi) W I aterial M ame “ar Thickness
|35 |500.0 |0:35 [A5PH CONC PYMT |10
G |45.0 038 FLEXIBLE BASE
|5.00 = 030 [STABILIZED SUBGR
|200.00 20 |0.40 SUBGRADE(200)
STABILIZED SUBGR
Amalysis Mode SUBGRADE(200:
i |"-98E02 " Design * User Define *
o |3291
oy x -3
o [ N,=f(g) * (&)
4 [1.37E03 7 e |
_ = 5
w |47 Nd = f4 (5»- ) o |

Figure B.5. Mechanistic Design Checks in the User Define Mode.

Once all desired changes are made, the designer again selects Run and the mechanistic analysis
output is re-displayed as in Figure B.6. Again the designer evaluates the Pavement Life section
and notes the following:

e The estimated cumulative ESALS to the end of the first performance period at
10.8 years is 0.965M.

e The estimated number of 18-kip repetitions to failure in fatigue is 1.00M (~104 percent
of the projected ESALS by the end of the 1% performance period).

e The estimated number of 18-Kip repetitions to failure in subgrade rutting is 1.58M
(~164 percent of the projected ESALS by the end of the 1% performance period).

e Repetitions to failure of 18-kip ESALSs in both of these modes exceed the cumulative
ESALSs predicted by FPS by time to first overlay and the Check Result message
validates this. This adjusted FPS option is in better balance with these checks.
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By looking at the left hand side of the screen, the designer can evaluate the effect on the
performance for these two failure criteria by increasing (or decreasing) the HMAC layer
thickness in 1.0-inch increments. For both fatigue cracking and protecting the subgrade from
rutting, an increase in the HMAC thickness by small amounts is relatively beneficial. The user
is advised that the mechanistic models used in this program are rather unsophisticated by
current state-of-the-art practice as they do not consider material-specific behavior, the effects of
the environment, variable axle loading, traffic wander, etc., and should not rely solely on the
outcome of this check. However, due consideration for large differences in the projected
ESALSs to the FPS-generated first performance period versus that estimated for failure in the
two mechanistic modes appears to be prudent. As always, local experience may show better
performance than indicated by these checks.

[‘3‘ Eormil Lﬂ
Cracking Life ws. Changed thickness 5 n i

16 Cracking Life imnuillion ESAL R
150 /r Thick Madulus v M aterial Mame
14.0
130 |2.50 |500.0 035 |ASPH CONC P¥MT
120
110 |&.00 450 035 [FLEXIBLE BASE
100 .
a0 102 [a.00 [35.0 [03n [STABILIZED SUBGR
3.0
g:g - [z00.00 [5.0 040 [EUBERADEZ00)
50 0
40
0 ’Es'{%
20 i
1.0 a4 :
0.0 N : i

(U L T

100 200 300 400 500 €00 700 S00 200 1000
Change Thirkness(in) Pavement Life

Based on design period: 10.8 pears the traffic to fist overlay is [million) 0.965
Rutting Life v, Changed thickness

apg  Putting Life in million ESAL Hi& Tensile Strain 2310 Crack Life million) 1.00
280 5 "
260 e Subgiade Compressive Strain 4320 Rut Life [milior] 158
24.0
220
200

180 / : } o

16.0 P ] Check Result The Design is OK for the period: Twhich is 10.8 years

140 170

120

100

8.0 Pt = _
50 = Jexas it
40 -

20 i 4 Transportation

FREREEES o MlL Al |nstitute :

i
000 100 200 300 400 500 600 700 800 9200
Change Thickness(in)

Figure B.6. Mechanistic Analysis Following User Define Inputs.
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