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ABSTRACT

Highway agencies across the United States are moving from empirical design procedures
towards the mechanistic-empirical (ME) based pavement design. Even though the Pavement
ME Design presents a new paradigm with several dramatic improvements, it requires
extensive data needs for the calibration and implementation process. Through the
transportation pooled fund study TPF-5(242), the Prep-ME software is released with the
capabilities of pre-processing, importing, checking the quality of Weigh-In-Motion (WIM)
traffic data, and generating three levels of traffic data inputs with built-in-clustering analysis
methods for Pavement ME Design. This Phase 111 project is to assist participating state DOTs
on the full implementation of Prep-ME software by delivering on-site and webinars training,
providing timely technical support on a need basis, and addressing states’ feedback and
comments. A new generation of Prep-ME software is delivered to the participating states
with enhanced and customized features, which can be used by pavement design engineers to
prepare input for Pavement ME Design, and traffic data collection engineers to collect better
traffic data and manage those data for other applications.
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IMPLEMENTATION STATEMENT

Upon completion of this project, participating states will have the ready-to-implement Prep-
ME database tool set to prepare inputs for Pavement ME Design and collect more robust
traffic data for other potential applications. This tool will serve as the companion tool that
can seamlessly communicate with Pavement ME Design in a full-production environment for
the local calibration and implementation. In particular, the customized Prep-ME software can
be used by state highway agencies by:

e Helping state traffic data collection engineers to conduct an effective quality control
and quality assurance (QC/QA) on traffic data collected for various applications, such
as pavement design, HPMS, traffic planning, bridge design, etc.

e Helping state pavement design engineers to analyze the traffic loading data collected
through the WIM technology and select the best load spectra for pavement design
purpose among WIMs, national, and local defaults.

e Improving the productivity of the above tasks operation.
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INTRODUCTION

Pavement ME Design (previously MEPDG/DARWIN-ME) is a significant advancement in
pavement design, but requires more inputs from various sources [1, 2]. In mid-2011, through
efforts by LTRC, FHWA, and the Louisiana Department of Transportation and Development
(DOTD) initiated a state pooled-fund study TPF-5(242) with nine participating agencies to
expand the functions of the originally developed Prep-ME software program. In this Phase I1
study, a unified and consistent architecture was re-designed, documented, and implemented
for Prep-ME. The redesign results have created extensive improvements of the user
interfaces, software efficiency, software functionality, and software stability based on close
consultation with participating states' requirements [3]. The Prep-ME software produced
from the Phase Il project is capable of pre-processing, importing, checking the quality of raw
Weigh-In-Motion (WIM) traffic data, and generating three levels of traffic data inputs with
built-in clustering analysis methods for Pavement ME Design. This software complies with
FHWA Traffic Monitoring Guide (TMG) and TMAS for quality assurance and quality
control (QA/QC) [4]. Additionally, Prep-ME can be used by state highway agencies for the
QA/QC of traffic data collection, analysis of truck loading data, and preparation of input for
AASHTO Pavement ME software.

The Prep-ME software can reduce the efforts in data preparation for the implementation and
local calibration of Pavement ME Design. Most participating state DOTSs plan to use Prep-
ME software for ME-based pavement design and the local calibration of Pavement ME
Design in the near future. Although several face-to-face group meetings were held in Phase 11
of this project, such training was targeted for a wide range of audience and focused on
reporting of project progress and gaining feedback for future directions. This training may
not be sufficient and effective for training state engineers on how to implement the Prep-ME
software for their usages. Therefore, hands-on training and continuing support was desired
for the full implementation of Prep-ME software. Software training, testing and support of
the Prep-ME software was an integral and important phase for the software development life-
cycle (SDLC). Engineers from pavement, traffic, materials, and other relevant areas should
be encouraged to attend the on-site training. Real data sets from state DOTSs should be used

for the training so that discussions of the data, software functionality, and future



enhancements and directions can be initiated and implemented in Prep-ME. This process
ensured that defects were recognized as soon as possible and software enhancements were
developed. Issues that arose during Phase 111 external testing through this project should be

addressed immediately.

The objective of the proposed Phase 111 project was to assist participating state DOTSs on the
full implementation of Prep-ME software for traffic data collection and Pavement ME
Design and to deliver new generation of Prep-ME software with enhanced and customized
features for each individual state. Upon completion of this project, participating state DOTs
would have a software and database tool set used by pavement design engineers to prepare
input for Pavement ME Design and traffic data collection engineers to collect traffic data
with better quality and manage those data for other applications. With the remaining funds
from the Phase Il project, a survey was conducted among participating states and the
proposed tasks were prioritized and performed in Phase 111 as below:

e Task 1 - Provide On-Site and Webinar Training for Participating States,

e Task 2 - Develop Portable Version of Prep-ME for Field Data Collection and WIM

Calibration,
e Task 3 - Enhance Existing Traffic Module in Prep-ME, and
e Task 4 - Provide Technical Support to Meet State Needs.



OBJECTIVE

The objective of this project was to assist participating state DOTs on the full implementation
of Prep-ME software for traffic data collection and Pavement ME Design and to deliver new
generation of Prep-ME software with enhanced and customized features for each individual

state.

Upon completion of this project, participating state DOTs would have a production level
Prep-ME software and database tool used by pavement design engineers to prepare input for
Pavement ME Design and by traffic data collection engineers to collect better traffic data and

manage those data for other applications.






SCOPE

The scope of this project was to assist TPF-5(242) participating state DOTSs in the data
preparation for the Pavement ME Design and improve the management and workflow for
more accessible ME Design input data sets with high quality. A new generation of Prep-ME
software with enhanced and customized features were developed per the request from each
individual state. In addition, technical support was provided to individual states during their
daily implementation of Prep-ME software for traffic data collection and Pavement ME
Design.






METHODOLOGY

The goal was to assist participating states fully implementing Prep-ME for Pavement ME
Design and traffic data collection. Four research tasks were considered for this project based
on comments and feedback from several participating states and FHWA, including:

e Task 1 - Provide On-Site and Webinar Training for Participating States
e Task 2 - Develop Portable Version of Prep-ME

e Task 3 - Enhance Existing Traffic Module in Prep-ME

e Task 4 - Provide Technical Support to Meet State Needs

Upon completion of this project, participating state DOTs would have a software and
database tool set used by pavement design engineers to prepare input for Pavement ME
Design and by traffic data collection engineers to collect better traffic data and manage those
data for other applications.

Provide On-Site and Webinar Training for Participating States

In this task, the OSU research team worked closely with each participating state and provided
on-site and/or webinar training on how to implement the Prep-ME software for their
Pavement ME Design, traffic data collection, and analysis. The research team conducted a
survey within the participating states. Six states (Louisiana, Michigan, North Carolina,
Wisconsin, Kentucky, and Nevada) expressed their interests in on-site software training.
Additionally, webinars were provided to all participating states and other users as part of the
training. Engineers from pavement, traffic, and other relevant areas attended the on-site
training or webinar. Real data sets from participating states were obtained and used for the
training to demonstrate the Prep-ME software functionality and its use by pavement design
and traffic data collection engineers to improve operation productivities. Desired
enhancements of software capabilities were discussed during the training for each state and
software was improved and customized based on the comments.

The deliverables of Task 1 were on-site training courses for requested participating states,
and online webinar training sessions.



Develop Portable Version of Prep-ME

The Prep-ME software from Phase Il was capable of conducting comprehensive data check
for permanent WIM traffic data. Due to the high construction and maintenance costs of
continuous WIM systems, portable WIM and short-term count programs are used by many
state DOTSs. Therefore, developing a portable version of Prep-ME that was capable to check
traffic data in the field was necessary in Phase 111 of this project. With the assistance of the
portable Prep-ME software, data issues could be identified immediately in the field and
correction activities might be taken on-site, saving participating states' time and costs. More
importantly, it assured state DOTSs collect high-quality traffic data that could be used for
Pavement ME Design. The portable version of Prep-ME software would also help engineers
view WIM data and conduct relevant data analysis and comparisons in the field operations.

Enhance Existing Traffic Capabilities in Prep-ME

The Prep-ME software from Phase Il of this project had robust traffic module, which could
be used by state highway agencies for the QA/QC of field traffic data collection, analysis of
truck loading data, and preparation of input for AASHTO Pavement ME software. In this
Phase Il project, the research team continued improving the Prep-ME software based on
further feedback from participating states during the implementation process. Any issues or
bugs were addressed or corrected in the enhanced Prep-ME software. New desired features
from participating states during Phase 111 of this project were added to enhance the existing
capabilities in Prep-ME. Below were two desired features identified in Phase 11 from
participating states, which were developed in the Phase 111 software.

e Fully testing the software compatibility and developing new features for WIM data
collected following the 2013 TMG [4], and

e Developing site-specific traffic parameters, such as AADTT, percentage of trucks in
design lane, percentage of traffic in design direction etc., for Level 1 output.
The deliverable of Task 3 was the enhanced/customized Prep-ME software.

Provide Technical Support to Meet States’ Special Needs

During the implementation of Prep-ME for daily traffic data collection and ME-based
pavement design, technical support was provided on a need basis during the execution of this
project aiming to help state DOTs deploying the Prep-ME software. Any special needs that
arose from participating states during the implementation process were addressed on a timely



manner for the entire time period of this project. Desired enhancement of particular software
features or modules were developed with close consultation with the participating states.

The deliverable of Task 4 was to provide timely technical support for participating states.






DISCUSSION OF RESULTS

During the implementation of Prep-ME for daily traffic data collection and Pavement ME
Design, the project team interacted with individual states to address their questions and

newly discovered bugs via face-to-face, on-site, remote webinar meetings, emails, and phone

calls. Software debugging efforts and many improvements have been made in the final
version of Prep-ME software.

Capabilities of the Enhanced Prep-ME Software

Through this project, the Prep-ME software had 21 iterations of improvements based on
comments and feedback from participating states. The enhanced Pre-ME software has the
following capabilities.

Traffic Data Import
The enhanced Prep-ME software is able to:

e Import traffic data that comply with the data formats recommended in the 2001 and
the 2013 TMG. Such data sets can be collected with various data collection
techniques (such as weigh-in-motion and automatic vehicle classification) and time
coverage (such as permanent long-term and short-term counts).

e Conduct Travel Monitoring Analysis System (TMAS 2.0) data check for each line of
raw data, and report errors into an error log file for each imported file. Duplicate data

and data with fatal and critical errors are not imported into the Prep-ME database.
The software interface reports the number of rows of data importation, number of
records that failed the TMAS check, failure rate in percentage, and number of rows
that are duplicate in the data import, as shown in Figure 1.

e Activate the most recent geo-referenced Google Map API (version 3.27) after data
importation. This mapping utility has all major functions of Google Map and allow
users to retrieve detailed information for each data input site (Figure 2).

e Process the data that passed the TMAS data check and save them in the Prep-ME
database tables.
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Prep-ME - Import Traffic Data

Last Time Import: Select State: Michigan -
[ | C:\Users PHOLIIANG Destop\MI

Impert Status:

- TMAS Chack Status: -
Current/Total Files: Imported (Rows):

Falled TMAS (Rows):  Fallure Rate Duplicate:
Station Data STA [1/1 920

[ | [

Classifeation LA [7/20 155000

| 96 | 0.00 % | 2572

Weight Data WGT | s/20 [4220988 [24150 [626% [o

Currently Import File: | C:\Wsers\PHOUIGLANG Desktop\MI\Dec201 LWGT

I Now Write Weight Data to Database
Total processing Time (s) Stop Importing | I

Figure 1
Traffic data import

1G4 Prep-ME - Google Map

Goage Mnp Lagend:

§ WM Station
|9 Tera oy St
" Climate Station

Q CurrestTnsign Statian | *
| fogon

Figure 2
Google map utility

Traffic Data Check
The Traffic Data Check sub-menu is able to:

Conduct QC check for weight data by direction and lane of traffic using data check
algorithms defined in the TMG (Figure 3). Weight data check algorithms defined in the 2001
third edition of TMG are integrated in the Prep-ME software to evaluate weight data for
Class 9 vehicles. Specific weight bounds can be defined for the front axle and drive tandem
axle weights of Class 9 trucks. In addition, the histogram plot of gross vehicle weights of
Class 9 trucks should have two peaks, one representing unloaded Class 9 trucks between

12



28,000 and 36,000 Ib (32,000 + 4,000 Ib), and the second peak representing loaded vehicle
condition with a weigh between 72,000 and 80,000 Ib (76,000 + 4,000 Ib).

Provide interfaces for users to review monthly, weekly, and daily traffic data.
Provide four sampling and repair options to analyze and utilize incomplete (that not
have a minimum of 12-month data) or failed data (that cannot pass the automatic
TMG data check algorithms), including Manual Operation (Accept and Reject),
Replacement (Copy and Paste), and Sampling Operation (Daily Sampling and
Monthly Sampling).

o0 Manual Operation (Accept/Reject) allows users to review and double check
the automated QC results.

0 Replacement (Copy and Paste) operation can be used to check the similarity
of the data in adjacent months, opposite direction, or different lane, same
month but different year, and then identify a suitable month which can be used
as the “source month” to substitute the failed or missing month (the “target
month”).

o Daily Sampling operation can be used as a diagnostic tool to investigate the
reason(s) for bad data that cannot pass automatic data check, and sample
weekly data with good quality to represent this month. (Figure 4)

o0 Monthly Sampling can be used to select twelve months of data with the
highest data quality, either right after a WIM system calibration or any 12
months' data based on engineering judgment.

Conduct QC check for classification data by direction and lane of traffic using data
check algorithms defined in the TMG. The data check criteria include the check of
percentages of unclassified vehicles, Class 1 vehicles, and the consistency check in
the vehicle mix so that no significant changes are observed. The consistency check is
executed by comparing the current truck percentages by class with the corresponding
historical percentages. The Prep-ME software provides similar software interface
(Figure 5), which is able to perform automatic data check, daily check, replacement,
and sampling operations for classification data. Daily sampling function is illustrated
in Figure 6.
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8 Prep-ME - Traffic Weight Data Check

(& Gross Vehicle Weight

" Front Axle Weight

(" Drive Tandem Axle Weight of Fully loaded Trucks

5 % Qc Criteria
16 [+ Gross Weight
_ Unloaded Peak (Kips)
:; Min[28 MaxE
10 Loaded Peak (Kips) ——
08 Min 72 Max [80
06 -
04 [+ Front Axle (Kips):
02 _ Min: |3 Max |12
o0 4 ; ; .
2 100 120 I ¥ Diive Tandem Axle (Kips):
Gross Vehicle Weight (kips) MIn|30  Max |36
All Stations Accepted Unaccepted UMY, 01 APRESOS Wo:6iy. et
Jan  [Feb [Mar [apr [May [wm [si [mg [sep [oct [Now [Dec RUN QUALITY CONTROL
3 s 1
5 Data Dslte| TotalMNew |160 160 |160 160 160 160 160 160 130|120 120 120
gg:g‘g ~ Accepled: |16 6 16 16 15 15 15 15 13 12 12 12 Mo
0864;9 Acccept | Reject
117189 Show Muiti Montry Data | Monihly Data for Dirsction: [Norh Show Selected Sum Dals s
127269 A
137159 Dchon Jan  |Feb |Mar  |Apr  |May |Jun |l |Aug [Sep |Oct  |Nov  |Dec = —
B = eplaceme .
e o1 AcceplediAl |88 o8 |88 |ws |78 |78 |we | |m |ek |6k |6 ”
195319 2011 3 2 3 %0 3 3 3w 0 3N 0% tog || B2
e e R
21199 v 2014 N mw m w om o m M DR E
2015 2 3 3w W 0w % -31 ERE
Qc Details ‘Show Muli Monthly Data | Manihly Data for Direction [Sout Show Selected Sum Dats : )
Direction: e
Jan [Feb |Mar [Apr |May |Jun |Ju  |Aug [Sep |Oct |Nov |Dec
Staton D 037319 - Monthly S s
(CEIE | Py R I I - o O O o O A onbiy Sampling (459
e [2m @ 2w 22 2 2w 2w w22 w2 2 2@ Daily Sampling
Lane2 (2012 w o @ 22 2w 2w
2014 22 22 22 22 22 22 22 2/2 22 22 22 22
2015 PR @ 2@ 2@ W@ e W@ W@ 2 W2 )@ 2@ Asarrtis O o

EXIT

Manually Accept.. |QC Passed

Figure 3
Weight data check by direction and by lane
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Figure 4
Daily check and sampling



81 Prep-ME - Traffic Classification Data Check
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Figure 5
Classification data check by direction and by lane
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Figure 6

15



Traffic Data Export
The Export Traffic Data for traffic data is able to:

16

Generate three levels of traffic outputs for Pavement ME Design (Figure 7): Level 1
Site Specific, Level 2 Clustering Average, and Level 3 State Average. The Level 1
traffic inputs can be generated for both directions and/or one direction of traffic of a
specific WIM station. There are in total six clustering methods for Level 2 traffic
inputs, including the NCDOT method, Michigan DOT method, KYTC method, Truck
Traffic Classification (TTC) method, and simplified TTC methods, or flexible
clustering. State average values, LTPP-5(004) method, or Pavement ME Design
defaults can be used for Level 3 inputs. Detailed descriptions on how to use Prep-ME
software for traffic inputs for Pavement ME Design can be found in the Prep-ME
User’s Manual [3].

Calculate two-way annual average daily truck traffic (AADTT), percentage of trucks
in design direction, and percentage of trucks in design lane for Level 1 site-specific
traffic output at a particular WIM site, and the state average values for number of
axles by truck type (Figure 8).

Review traffic output data and make modifications if necessary (Figure 9) on traffic
output data and/or output levels before exporting XML files for Pavement ME Design
or text files for MEPDG. Prep-ME allows the user to obtain outputs at different levels
for the different traffic data types. For example, Level 1 is selected for Vehicle Class
Distribution (VCD) data, while Level 3 data may be used for hourly adjustment
factors.

Implement independent C++ codes of Ward-based Hierarchical Agglomerative
clustering algorithm, which is used in both NCDOT and MDOT clustering analysis.
This algorithm will allow users to evaluate existing clusters and define new clusters if
necessary (Figure 10).

Generate 11 traffic input files in text file format for MEPDG and two XML traffic
files for Pavement ME Design software.



Export Traffic Data >

Design Information

Project Name: | Test Export Data To: | | C:\Users\Qiangloshua\Desktop
GPS Coordinates (Optional): Latitude : | 30.40 Longitude : -91.18
: - Selact Data T
DL ype General Traffic Information:
(@ Site-Specific & By Direction (" By Satation e
Available WIM Stations: Classification Stations Only:|
Output Level 2: — Initial AADTT: 2306
-~ 037319_5 ~
" MIDOT Method 096429_1 117139_1
096429_5 117139_5 Operational Speed (mph): 60
(" NCDOT Method 117189_1 117189 5
127269_1 137069_3
" KYTC Method 127269_5 137069_7 Number of Lanes in Design Direction: 2
137159_3 183029_4
€ TTC Clustering 137150_7 183029_8
137169_3 256309_3 Percent Trucks in Design Direction (%): 100
" Simplified TTC Clustering, | 1371697 256309_7
* |195019_1 256349 5
195019_5 397109_1 Percent Trucks in Design Lane (3): 94
 Flexible Cluster gn Lane (%)
. e Clustering 2114593 3971085
211459_7 403069_5
[ Output Level 3: 212229_1 533269_3
 State Average 212229 5 533269 7 Traffic Growth (36): —l Compound, 2.0 %
221199_1 595249_1
" LTPP TPE-5(004) 2211995 595249_5
238860_1 638200_7
(" Pavement ME Default 238869_5 638400_3 View Default Parameters I
- |256119_1 645269_1
256119 5 e 645269 5 e
0%
View Output Data | Output XML Files for Pavement ME Design ‘ Output TXT Files for MEPDG | Export Files for All Clusters ‘ ‘ EXIT |
Figure 7

Three-level traffic outputs for Pavement ME Design
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Prep-ME - General Traffic Default Inputs

— Wheelbase

Short Medium Long
Average Axle Spacing (n]:| 12.0 | 15.0 | 18.0
Percent of Trucks (%): | 33.0 | 33.0 |34.u

~ Lateral Traffic Wander

Mean Wheel Location (inches from lane marking): | 18-0
Traffic Wander Standard Deviation [100
Design Lane Width (ft):
Number Axles/Truck

(& Use State Average Value

" Use National Default Value

Single Tandem Tridem Quad

Class 4 |1.5n |n.4n |u.m |n.m

Class 5 | 2.00 [0.00 [0.00 [0.00
Class 6 |1.nu |1.un |u.u-u |u.uu
Class 7 |1..u? [u,nﬁ [u,51 |u.43
Class 8 |2_15 [IJ_B! [u_u-u In,uu-
Class 9 |1.21 | 1.89 |n.m |D.Dl!
Class 1n| 1.00 [ 1.00 [0,40 |u.59
Class 11| 4.99 | 0.00 | 0.00 |u.no
Clnss 12| 3.99 [u.gva [u.unu [ 0.00
Class 13| 241 [ 1.56 Iu.‘ts ]u.z?

Axle Configuration

Average Axle Width (edge to edge) (ft): |B-5
12.0

| 120.0

Dual Tire Spacing (in):

Tire Pressure (psi):

Axle Spacing (in)
Tandem Axde 51.6
Tridem Axle 49.2
Quad Asde 0.2

Figure 8

State average for number axles/truck

Options
Vehicle Class Distribution: VCD | Hourly Distribution Factors: HDF | Monthly Adjustment Factors MAF - Axe Load Distiibution Factors: ALDF
Output Level 1: | Axle Types
@ Site-Speciic " Single @ Tandem  Tridem ¢ Quad
Axle Factors by Axde Type
Quiput Level 2
 MOOT Clustering Season VehClass | Total Tok "rm: ‘Tlﬂk |n2u |1‘|4k |1‘15k |1‘18k Imk I"
¢ NCDOT Clustering January 4 100.00 0.00 0.00 138 275 k3 275 138 183
C K January 5 0 0 0 0 0 0 0 0
€ TIC January L] 100.00 3255 873 207 572 47 454 401 480
€ Simplif Clust | January 7 100.00 0.00 16.67 16.67 0.00 0.00 0.00 0.00 16.67
January £ 100.00 23 1262 21.08 17.90 1414 17 813 402
OutputLovel 3: January 9 100.00 224 650 a1t 9.10 716 662 636 542
T January 10 100.00 022 290 492 442 210 333 319 369
" Pavement ME Default
¢ LTPP TPF-5{004) Default January " o 0 0 o o o o o
Selecied Station: January 12 100.00 0.00 120 516 34.08 1687 1704 1429 430
037319_1 January 13 100.00 5.00 359 3.09 389 329 240 250 3B
February 4 100.00 0.00 055 0.00 442 221 2 442 276
Save Change to Output Level Febnuary = 0 0 0 0 0 o o o h

[ o ]

Cancel

Figure 9

Displaying output data




Setup Traffic Clusters
Axle Load Distribution (ALD):
" Single Axe  Tandem Axe ¢ Tridem Axle ¢ Quad Axle Run Cluster Ml'wﬁl See Cluster Definition | [¥ Show External Clusters
Current/Desired Cluster Num.
o Vehicle Class Distribution (VCD) Clustering . T
80 - Ext.Clu.1 Station ID: 1_Cluster_31 1 Cluster Selected stations: Desired Cluster
] —— ExtClu3 2_Cluster_36 221199 5_18
g 3 Cluster T Cluster 34 st 1o ¢ SetUp Cluster2 [0
60 4 i 4 Cluster 308125_7_28 " SetUp Cluster3 [g
— 338029_1_29
i 5 Cluster 345209_7_32 )
0 S— ce |[419758_0_33 C 2
6 Cluster 478049_3_36 =
40 - 478045 737 (2| | C :
7 Cluster 492025_3_30
Cluster Members: 604048_1_d4. 0:FreviousID: 155WIM
30 1 8 Cluster 212229 516 694049_5_45 1: AADTT: 403
221199 117 705059_2_68 2:1at: 45.920635
20 - 9 Cluster 221109 518 |_| »» ||705059_6_s9 3:Lon: -86.991844
230069119 |~ 724129 1 48 4:Route hum: U2
10 Cluster 308129_7_28 776369_3_50 5:Locetion: US-2/US-41 RAPD F
10 A 338029_1_29 g:gz_g_::
345209_7_32 << EX
0 419759_0_33 —] ;;:::7;,;21‘
478049_3_36 _7_
4 5 [3 7 8 9 10 1 12 13 478049_7_37 ;g;g::’;’:i
PorrEwil s s1s230 188 < [« [ r
Truck Class
Taffic Volume Adjustment Factors:
® Vehicle Class Distribution (VCD) (" Hourly Distribution Factors (HDF) (™ Monthly Adjustment Factors (MAF) Save Cluster Setup Clear Cluster Setup ‘ B

Figure 10
Flexible clustering method

Climate Module
The Climate Module in Prep-ME 3.0 is able to:

e Import Hourly Climate Data (HCD) files, including those from the Pavement ME
Design software and new data sources provided by state DOTSs, into Prep-ME
database.

e Conduct preliminary data checks to the raw climate data.

e Interpolate ICM file and XML file that can be directly imported to MEPDG and the
Pavement ME Design software (Figure 11).

Climatic Data Interpolation *

Project Name: | Test Export to: I
Interpolate Climate Data for Given Locatian
Latitude : |42.se PO

[v 14836 ; 16.9 miles; 1996-7 to 2006-2 C  Lat: 42.78 Lon: -84.579 LANSING| MI CAFITAL CITY AIRPORT

L nTE I-aq.zg [+ 14833 ; 20.0 miles; 2000-10 to 2006-2 M1  Lat: 42.26 Lon: -84.459 JACKSON| MIJAKSON CO-RYNOLDS FLD ARFT
§ [¥ 14826 ; 34.7 miles; 1996-7 to 2006-2 C  Lat: 42,967 Lon: -83.749 FLINT| MI BISHOF INTERNATIONAL ARFT
Elevation (ft): 860
[v 94889 ; 41.2 miles; 1998-11 to 2006-2 C  Lat: 42.224 Lon: -83.74 ANN ARBOR| M1 ANN ARBOR MUNICIPAL ARFT
Water Table Depth (ft): I6 [v 94817 ; 44.3 miles; 1998-8 to 2006-2 C  Lat: 42,665 Lon: -83.418 PONTIAC| MI OAKLAND CO. INTNL AIRFORT
[¥ 14853 ; 48.7 miles; 1999-3 to 2006-2 C  Lat: 42.237 Lon: -83.526 DETROIT| MI WILLOW RUN AIRPORT

Time Zone: | Central Standard Time =
Identify Six Adjacent Stations ‘ Export ICM File Processing completed 10024 EXIT

Figure 11
Interpolating climate files
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Material Module
The Material Module in Prep-ME 3.0 is able to:

20

Import raw FWD F25 data into Prep-ME database, output a summary report for back-
calculation software, and generate FWD XML file for Pavement ME Design.
Retrieve dynamic modulus (E*) data for hot mix asphalt materials from statewide
material library for Pavement ME Design (Figure 12). The Prep-ME software can
retrieve dynamic modulus data based on binder grade, nominal maximum aggregate
size, air void level, and coarse aggregate type.

Retrieve Coefficient of Thermal Expansion (CTE) data for PCC materials from
statewide material library for Pavement ME Design (Figure 13). The Prep-ME
software can retrieve CTE data based on coarse aggregate type, cementitious paste,
and mixture age.

Retrieve subgrade soil map data developed in the NCHRP 9-23A project:
Implementing a National Catalog of Subgrade Soil-Water Characteristic Curve
(SWCC) Default Inputs for Use with the MEPDG, for Pavement ME Design (Figure
14). The group index, soil gradation, Atterberg limits, and the parameters describing
the soil-water characteristic curves (SWCC) can be obtained to further subdivide soil
classifications and improve the default inputs for Pavement ME Design. A soil report
with all the required soil parameters is generated for users to view (Figure 15).

Retrieve HMA E* e

Export Data To: | ‘ D:\OKSTATE

Retrieving Parameters
Binder Grade [pG70-27] - Nominal Max Aggregate 12.5 mm -
Air Void Level Low (4.0% or 4.5%) « Coarse Aggregate Type Granite -

Generate Reports |

M| 4] | ¥ /€= (psiy Asphalt Binder " Mix Design

TEMP [01hz [osHz [10Hz 50HZ 10.0HZ 250HZ

14 27879505 32206775 34135725 378415 3959325 422775

40 1802325 20582775 22344825 27217 205047 32734525

70 344.435 5630175 6936725 1049235 1220055 1505925

100 57825 1103275 1410525 280 343765 486.32

130 27525 375475 4474 75.4725 99.0525 151,955
Export Files EXIT

Figure 12

Retrieving dynamic modulus (E*) data



- e
Retrieve PCC CTE : : “
Export Data To: | | D:\OKSTATE - CTE (per F degree x 10-6)
PCC Mix s
Retrieving Par: ¢
6.5
Coarse Aggregate Type I LimeStone LI Cementiose I
Age [ 28 cays ~| Strength & Poisson's Ratio
Cementitious Paste I Cement + 20% Fly Ash LI Time  Elastic Modulus Compressive Strength  Poisson's
3 days | 5.029 |3991.33 | 0.242
Generate Reports | 7 days |4.932 |4990.57 | 0.234
28 days |5.031 |5333.33 |u.232
90 days I 5.503 | 6174.33 | 0.239
— Mix Propertie:
Cement (Ib/yd"3) I 451 Water (Ib/yd~3) | 202.95
Fly Ash (Ib/yd~3) [113 Water/Cement [0.45
Slag I g Daravair (fl oz/owt) I 1.5
Coarse Aggregate (lb/yd~3) I 1950 Temperature (F degree) I 73
Coarse Aggregate Type I LimeStone lhmp I 2 |
i |
Coarse Aggregate Size I Air Content (%) I *2
Fine Aggregate (Ibjyd~3) | 1093 DLW [104
Export Files | EXIT |
L — = — |

Figure 13
Retrieving CTE data

Moo e ——e— e
et mm— - e o — |

Ieput GP% Coonfinates
~ Trgut MapChar from the 50d Map. i
Mnp char [543 Cenerate Rapant

ExponTo Epart Files I
[orioestaTe

Sall Map Seurte Infsrmation
[Dota Scurce: NCHRF Project 5234
Hatonal
[Subgrnde ol waes Chorscrensne Cur (SWOC)
Defout Inputs Tor Use with the MEPDG.
eomdurted by Ariznna State Unwersty

Created by: Natabe Lopez
(3nen by Gasserns Toeras, Claudia Tapam

Dote: &1/

Fropected Cocedinate Sysem: HAD 193, State Flane, Louisisss
Morth, FIPS 1701

Frojenon: Lambast Conformal Come

Thes map wins penduced for the Deparmant of Cral and
Emvironantsl Engraenng ot Arzons Stats Usversty.
(Sod una data was downisaded from the LSDA NRCS.
<1mte boundaries and read:

Lowniana Map
12| sy
4 ]s]e
U7 | s ot
|_.§1t 1213 ] 1|25
6 17 18 f19.)

Figure 14

Soil map module in Prep-ME



Soil Properties for Pavement ME Design e S

Map Char FR3
Mapunit Key 667831
Mapunit Name | wrightsville-Kolin (s3012)
Component Name |Wright5vi|le
Top Layer Layer 2 Layer 3 Layer 4 Layer 5 Layer 6 Layer 7 Layerg =+
AASHTO Classification A4 AT-6 A-B
AASHTO Group Index 3 19 13
Top Depth (in) 0 16.9 488 1l
Bottom Depth (in) 16.9 488 72 L
Thickness (in}) 16.9 319 232 I
% Component 30 30 30
Water Table Depth-Annual Min (ft) 1.02 102 1.02
Depth to Bedrock (ft) NIA MNIA NIA
STRENGTH PROPERTIES
CBR from Index Properties 14.9 5.6 6.9 f
Resilient Modulus (psi) 14416 7701 8774
INDEX PROPERTIES
Passing #4 (%) 100 100 100 il
« — - — »
_
z e = s s = — —

Retrieved soil properties

Capabilities of Portable Prep-ME

The current version of Prep-ME is capable of conducting comprehensive data check for
permanent WIM traffic data. Due to the high construction and maintenance costs of
continuous WIM systems, portable WIM and short-term count programs are used by many
state DOTSs. Therefore, developing a portable version of Prep-ME that is capable to check
traffic data in the field is critical. Data issues can be identified immediately in the field and
correction activities may be taken on-site. This effort will save participating states' time and
costs and more importantly assure state DOTSs to collect high-quality traffic data that can be
used for Pavement ME Design. The portable version of Prep-ME software will also help
engineers view WIM data and conduct relevant data analysis and comparisons during WIM
calibration process. Customized based on the full version Prep-ME software, the portable
version of Prep-ME is customized based on the full version and has the following
capabilities:

e Imports an agency’s short-term WIM traffic data (up to a week) complying with
FHWA TMG 2001 and 2013 file formats, and store the data in SQL server Local

database.
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e Conduct Travel Monitoring Analysis System (TMAS 2.0) data check and generate
TMAS check error summary log for each imported raw file.

e Provide interface to review/check the quality and consistency of vehicle classification
and weight data. The hardware and software requirements remain the same as those
for the full version of Prep-ME. Portable Prep-ME has only one user interface with

two modules: Import Traffic Data and Review Traffic Data (Figure 16).

A PrephiF Portable b

Import Traffic Data

Sedect Impodt Folder I D OKSTATE Project \TPF - Prep- ME'Phase IIl\Software'\Portable Prep ME\Test Dinta

Curmert Total Flea Impaned (Faw) Fisded TMAS {Rorws) Fadur Fate Duphcate
Statiors Data STA i [E o o g

Cassicalion CLA [ = [ F [

Wesght Data WGT [ B [T E&= g
Feview Tralfic Dela
CLA Data Check | WGT Dot Check |
CLA Stabions

Vehick Class Distnbution by Daily
Statian ID: D16PS6 i Man

®

09Ty "o
70 ue
f" Pt Wed
50 FAY ——— Thu
au 4 A
a0
Direction H]
D3 - 10

Lare o

el i
i i i L] i L i m ' n ' 12 T 13 '
L2 Truck Class

Show Data on Selected Days |

1= Percent of Clams 9 (%) 1 Percent of Class § (%) " Percent of Unclnssified (%) " Percent of Class 1 (%)

a4 S . %8 2066

000
Morrday Tumeday Wiedrmeday Thursday Friday. Salurday Sunday

Figure 16
Portable Prep-ME interface

The portable Prep-ME can show daily data or multiple days of data up to a week to check the
consistency of the collected traffic data by direction and by lane for each station (Figure 17).
Similar to the full version of Prep-ME software, the weight data are checked according to the
three criteria for Class 9 vehicles as defined in TMG. In addition, related information
regarding the “Daily Class 9 Truck Counts,” “Percent of Front Axle within TMG Tolerance
(%),” “Percent of Drive Tandem within TMG Tolerance for Fully Loaded Trucks (%)” are

also provided for user’s reference.
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Weight [inta WIET 11 ||n:<n |4| PET ||:
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Figure 17
Weight data check by direction and lane

The Portable Prep-ME software can perform classification data check by direction and lane
for each station (Figure 16). The percentages of Class 9, Class 5, Class 1, and unclassified
vehicles within the truck stream are also provided to assist users in investigating the WIM
data quality. It should be noted that the portable Prep-ME is designed for the preliminary
check of short term WIM data in the field, but not the process and storage of the WIM data
(which should be completed in the full version of Prep-ME software). Therefore the WIM
data imported to the Portable Prep-ME database are discarded when the software is closed.

Education and Training of Prep-ME

The project team has been working closely with participating states to assist them on the full
implementation of Prep-ME software. Technical support is provided on a need basis during
the execution of this project. Any special needs that arise from participating states during the
implementation process are addressed on a timely manner, and desired enhancement of
software features or modules are developed in close consultation with the participating states.
In addition, the OSU team has been rigorously testing the software internally on a regular
basis to assess the final quality of the software in terms of its accuracy, completeness,
reliability, efficiency, maintainability, compatibility, and usability. A final version of the new
generation Prep-ME software is developed with enhanced and customized features based on
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comments and feedback from individual states. The final version is delivered to the
participating states.

The OSU team has provided training to assist participating states implementing Prep-ME for
Pavement ME Design. First, six states have received on-site training, including Nevada
(February 24 — 25, 2016, in Carson City, NV); Kentucky (March 8 — 9, 2016, in Frankfort,
KY); North Carolina (April 14 — 15, 2016, in Garner, NC); Michigan (May 11 — 12, 2016, in
Lansing, MI); Wisconsin (July 11 — 12, 2016, in Madison, WI); and Louisiana (February 1 -
2, 2016, in Baton Rouge, LA). Each training lasted for one full day to one and a half days
with 10 to 30 attendees from pavement design, pavement management, traffic data
collection, traffic analysis and forecasting, materials, and geotechnical divisions. The
capabilities of Prep-ME were demonstrated using state specific WIM data sets. At the end of
each training, a summary of the training was prepared including the data sources, level of
input, the corresponding software tool, and the responsible personnel to generate the data for
each traffic input parameter required in Pavement ME Design. Desired enhancements of
software capabilities arouse from the face-to-face meeting are discussed with each state and
subsequently the Prep-ME software is improved and customized based on the consensus
between the individual state and the project team. Additionally, webinars were provided to
all participating states and other users as another important part of the training. An example
“Agenda for TPF-5(242) Project Meeting: Prep-ME Software Demonstration” for the on-site
meeting with Michigan is attached in Appendix A, and the Microsoft PowerPoint slides for
the webinar training are included in Appendix B.
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CONCLUSIONS

The final full-production Prep-ME software has been enhanced from this pooled-fund study.
Prep-ME is capable of pre-processing, importing, checking the quality of raw WIM traffic
data, and generating three levels of traffic data inputs with built-in clustering analysis
methods for Pavement ME Design. This software complies with FHWA TMG and TMAS for
QA/QC, and can be used by state highway agencies for the QA/QC of traffic data collection,
analysis of truck loading data, and preparation of input for AASHTO Pavement ME
software.

This project assisted participating state DOTSs on the full implementation of Prep-ME
software for traffic data collection and Pavement ME Design and delivered a new generation
of Prep-ME software with enhanced and customized features for each individual state. The
following tasks were performed to achieve the project objectives:

e A new generation of the Prep-ME software was developed with many enhancements
and the capability to import WIM data based on both TMG 2001 and TMG 2013
format. Since the release of TMG 2013, several participating states have been
collecting WIM data in accordance with the TMG 2013 format. This new capability
has been tested with sample TMG 2013 WIM data from Kentucky and Wisconsin.

e A portable version of Prep-ME has been developed to assist field traffic data
collection.

e The research team has coordinated with all the participating states on Prep-ME on-
site trainings. Six states, including Nevada, Kentucky, North Carolina, Michigan,
Wisconsin, and Louisiana, have received the training. In addition, online webinar
training was provided for all participating states and other users. State WIM data were
requested and used for the training to demonstrate the software functionality that can
be utilized by pavement design and traffic data collection engineers to improve
operation productivities. Desired enhancements of software capabilities were
discussed during the training for each state and 21 rounds of software updates were
released based on the comments.

e The team has been providing technical support on a needed basis in a timely manner
to help states implement Prep-ME for daily traffic data collection and ME-based
pavement design. Several bugs were fixed and improvements made during the
execution of this project. In addition, several new features requested by participating
states were added to enhance the existing capabilities in Prep-ME.
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It is anticipated that the final full-production Prep-ME software and database tool set can be
used by pavement design engineers to prepare input for Pavement ME Design and by traffic
data collection engineers to collect better traffic data and manage those data for other

applications.
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ACRONYMS, ABBREVIATIONS, AND SYMBOLS

AADTT annual average daily truck traffic

CTE Coefficient of Thermal Expansion

DOTD Louisiana Department of Transportation and Development
FHWA Highway Administration

HCD Hourly Climate Data

LTRC Louisiana Transportation Research Center
ME mechanistic-empirical

QCI/IQA quality control and quality assurance
SDLC software development life-cycle

SWCC soil-water characteristic curves

TMAS Travel Monitoring Analysis System

TMG Traffic Monitoring Guide

TTC Truck Traffic Classification

WIM Weigh-In-Motion

VCD Vehicle Class Distribution
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APPENDIX A

Example Prep-ME On-Site Training Agenda

Agenda for
TPF-5(242) Project Meeting: Prep-ME Software |
Demonstration :

Michigan Dept. of Transportation
Horatio Earle Learming Center
7575 Crowner Dr, Dimondale, MI 48821
Lake Erie Room

May 12, 2016

Welcome Intro (MDOT)

Review of traffic inputs in ME (MDOT)

Review of MDOT PTR equipment locations data MDOT)

How Bureau of Transportation Planning provides traffic inputs for designs (MDOT)
Overview of Prep-ME (OSU)

Break

Traffic import module (data format, TMAS data check,

error log, common problems, Google Map) (OSU)

Weight data check module (automatic data check, replacement, monthlv samphng,
daily sampling etc) (OSU)

Classification data check module (OSU)

Discussions & feedback on traffic module (OSL)

Lunch (attendees on their owxn)

Traffic data for Pavement ME Design (Level 1, 2, and 3) (OSU MSU)
MDOT clustering methodology (OSUMSU)
Prep-ME traffic input and output (OSU)

Other Modules: Climate, Material, Soil Map (OSU)
Portable Prep-ME (OSU)

Break

Discusston traffic data for ME Des:gn using Prep-ME in Michigan (MDOT)
Future plan of Prep-ME (OSU)

Comments and Q A (Al

Adjourn
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APPENDIX B

Prep-ME Online Webinar Training PowerPoint

Prep-ME Overview &
Demonstration

for TPF-5(242) Participatung States

dashun Q. L Phad, P
Oklahoma State University

Qutline

o Pavement ME Design Input
Requirements

o Prep-ME QOverview

Pavement ME Design
Inputs

Input Requirements

B Trafic: loading spectrn instead of ESALs
o Climate: hourly climate data
o Matenals: E*, CTE, Mr

B Local calibrovon and implementation

AASHTO Guide

© Software Demo
o Q/A
MEPDG
o _'-I
| |
b A |
==
.?‘I.:-
! Amaly wie
| :’Jun-
L
Design Input Levels
olLevel |
® Site and'or material specilic inpuls
OLevel 2

® Uwe of comelutions 1o extablish or determine the
required inputs
Olevel 3

® Use of nanonal or regional default values to
detine the mputs

Leseds can be mixed and matched
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Design Input Levels

o Sensitivity of performance to a given input

0 The enticality of the project

O Information available at the time of design

oResources & time available to the designer
to obtain the inputs

Increased Nexibility for design & increased
comfort level prior to investing significant dollars

Traffic Inputs for ME

Traffic Volume & Adjustments

Truck Traffic Classification (TTC)

0 Highway Functional Classifications (HFC)
= Do not properly describe the distribution of tracks
traveling on the roadway
O Truek Traffic Classifications (ITC)
= Duscs (Vehicle Class 4)
® Singhe Unit Trucks (Vehicle Classas 3, 6 and 7)
* Tractor-Trailer or Truck-Single Trailer Units (Vehicle
Classes &, 9 and 10)
® Mubi-Trailer Trocks (Vehicle Classes 11, 12
and 13)

Truck Traffic Classificaton (TTC)

Axle Load Distribution Factors

g

120 rows x 41 columns for aach of the four avie types
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Axle Load Distribution Factors

o Percentage of axles in each load interval

= Single axles - 3,000 Ib to 40,000 Ib at 1,000-
Ib intervals

= Tandem axles - 6,000 Ib to 80,000 b at
2,000-1b intervals

= Tridem and quad axles - 12,000 Ib to 102,000
Ik at 3000-1b intarvals

o The axle load spectra for
= All traffic classas (class 4 to class 13)
= All axie types (single, tandem, tridem, quad
= Each month of the year

Traffic Import/Export Functionality

Traffic Data Collection

2 Traflic data collection programs following the
Traflic Monitoring Guide (TM() will mect ME
traffic data neods
2 Traflic Momilornng Elements
= Traffic volume
* Vehicle classification
= Truck weight

o Coati Count Progr
» Amtomatic Trallic Recorders (ATR)
= Astomatic Vebicke Classifiers (AVC)
= Waigh-m-) lution (WIA)

Traffic Data Formaits

02001 TMG Format
= Station description data (STA)
= Traffic volume data (#3 record ) (VOL)
=Vehicle class. data (C-card) (CLA)
= Truck weight data (W-card) (WGT)

Appendix B of Chapter 6

Traffic Data Formats

02013 TMG Format
® Station description data (STA)
® Trallic volume data (53 record ) (VOL.)
= Vehicle class. data (C-card) (CLA)
= Truck weight data (W-card) (WGT)
= Speed
® Per vehicle data (PVF)

Same data item: coding may be changed (such as
GPS, functional class)

TMAS 2.0 QC Check

OTravel Monitoring Analysis Svstem
(TMAS): provides onlinc data submitting
capabilitics for State traffic offices

o Data checks: for four data types (STA,
VOL, CLA, WGT)
= Errors: fatal, entical
uFlags: caution, warming

Appendix J of 2013 TMG
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Classification Data Quality Control

(1) Compare manual classilication counts with hourly
AVC data
= Should be 5% for cach of the primary vehicle
alcgone
® The prmary vehicle categones: VC 5,9, 13
(2) Check the number of Class | (motorcycles)
= Aoy mstakenly record trailers separated from tracions,
& the last tandem of VO 13 recorded as 3 motoreycle
= Should be < 3% unloss their prosence is noted

Implementation of Classification QC

oOSteps | ~ 3: straightforward

OThe fourth step
= Determine the number of trucks by class for each
month
= Calculate the normalized class distribution for cach
month
» Compare the normalized elass distribution for cach
month to d me it f d changes in
vehicle mix had d( Iy dure )

Weight Data Check

0 Check the Gross Vehicle Weights (GVW)
® GVW histogram at 4,000-b. increment
® Two peaks: 32,000 £ 4,000 Ib (cmpty ).
76,000 L 4,000 Ib (loaded)
cHuctuated Data: scale laiked
cBoth peaks shifted: out of calibration
oUne peak shified: should be reviewed with
additonal mlormation
0 Over-Weight Vichicles (<5%)

Classification Data Quality Control

{3) Check the # of unclassified vehicles
® Should be < 5% of the vehicles recorded
= May have axle sensing malfunctions
(4) Compare the current truck % by class with
the comesponding historical data to
determine if significant changes occurred
® Look for unexpected changes of sumilar vehicle
classes, such as velucle Classes 8 and 9

Weight Data Check

oClass 9 Truck only

0 Check the Weight of Front Axle (10,000
+2,0001b)

0OCheck the Fully Loaded Weight of Drive
Tandem Axle (33,000 % 3,0001b)

= Fully loaded Class 9 trucks: generally
more than 72,0001b.

2001 TMG Section 5 Appendix A

Traffic Inputs for ME
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Traffic Inputs for ME

o Annual Average Daily Truck Traffic
(AADTT): base year

o Monthly Adjustment Factors: 12 months, 10
vehicle classes

o Vehicle Class Distribution: 10 classes

o Hourly Truck Distribution: 24 hours

o Axle Load Distribution: 4 axle types (single,
tandem, tndem, quad), 12 months, 10 classes

0 Other Factors

Traffic Inputs for ME
o Level 1: ideal if with site spedfic WIM data

o Level 3: if no data or not significant to
performance

o Level 2: many research efforts based on
sensitivity analysis, damage analysis,
and/or cluster analysis

o - * -1

ME Climate Module

MDOT Climate Stations

Material Inputs for ME

o Sensitivity Analysis for materials
« Dynamic modulus (E*)
= Coefficient of thermal expansion (CTE)
= Resilient modulus (Mr)
o Material characterization & testing
= Extensive efforts both at state and
national level
= Existing data: to establish state material
library for Level 2 material inputs

Material Data Import
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Material Data Import

Prep-ME Overview

Prep-ME Memory Lane

a Initially developed for AHTD in 2008

o Lead Agency: Louisiana Transportation
Research Center (LTRC), LADOTD

o TPF-5(242) States: HI, KY, LA, MD, MI,
NC, NH, WI, NV

o Additional Relevant Funding: AR, OK

Goals of Prep-ME

o Assist DOTs with data preparation

oImprove management and
workflow of input data for
Pavement ME Design in a
production environment

o Provide high quality input data sets

Traffic Module of Prep-ME

oImport & process raw WIM data
(2001 & 2013 TMG format) with
TMAS checks

o Implement algorithms and check
WIM data quality

oGenerate loading spectra inputs for
any design location with ME Design

: -

Traffic Data Import

oDatabase: SQL server & LocalDB
o Computation efficiency

« 12mins to import 5GB of MDOT WIM data
with TMAS check

o Data type: WIM

« W/C, short term counts

+ Data format: FHWA TMG 2003 & 2013
o TMAS check: implemented

+ Generate error log files
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Traffic Data Import

QC Features

 —— — -
QC - Auto & Manual Operations
QC - by station, by direction, by lane

QC Features

E———
Review lanes for each month

QC Features

| B v

Look for pattern change - by day & week

Traffic QC Data Management

0 TMG QC - automatically check data
quality in batch mode

o Daily Sampling - select good days when
2 month has some invalid data

a Monthly Sampling - used when focusing
on a particular time period

o Copy & Paste - borrow data from one
month to represent a missing month

o Manual Accept/Reject - available If the
standard QC is not suitable for a station

Traffic Load Spectra

o Pavement ME Deslﬂn: requires load
spectra instead of ESALs
oThree input levels: depending on
data availability and project criticality
+Level 1 - site-specific (WIM, AVC
etc)
+Level 2 - intermediate
«Level 3 - state, regional, or
national average
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Load Spectra Export
o Prep-ME: provide 3 levels of outputs
olLevel 2 Clustering Methods

+ Michigan DOT method

+ NCDOT method

« Kentucky method

+TTC method

+ Simplified TTC method: low
volume road

« Flexible method: manual clusters
< Modified TPF-5(004) method

Load Spectra Export

Setup Clusters

T

I
AT AT

Compare new data and new stations to
research groups and identify new patterns

Load Spectra Export

oFully implemented C++ Ward-based
hierarchical clustering algorithm
< Allow users to evaluate existing
clusters and define new clusters if
necessary
o Allow mixed three levels of traffic
outputs
oGenerate traffic input files for MEPDG
(text files) and Pavement ME Design
software (xml files)

Michigan Method

i
1 i

.'|]i:l

Prpennnennnel |
]
t

Discriminant equations; Freight data

Project specific VCD; Designer selects ALDF
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KYTC Method
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Mixed output levels - can save user inputs

Traffic Module Summary

oTargeted - evaluates weight
measures that are relatively
consistent

o Manage Data - able to select the
data used to generate statistics

o Clustering - able to cluster data to
identify patterns for each input with
multiple methodologies

Other Capability: Climate

o Import climate data
< Any climate data that comply
with Pavement ME Design Hourly
Climate Data (HCD) format
o Conduct preliminary data checks

o Interpolate ICM file for MEPDG and
XML file for Pavement ME Design
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Other Capability: Climate

Other Capability: E*
o= i g 7 ——

Other Capability: Soil Map

Other Capability: Materials

o Retrieve dynamic modulus (E*)
data for HMA materials from
statewide material library

oRetrieve Coefficient of Thermal
Expansion (CTE) data for PCC
materials from statewide material
library

oRetrieve NCHRP 9-23A subgrade
soil map data

Other Capability: CTE
T —

== [ ——

|
l

Other Capability: Soil Map
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Other Capability: FWD
oImport raw FWD F25 data into

Prep-ME database

oOutput summary report for back-
calculation software

oGenerate FWD XML file for
Pavement ME Design

ol

Other Capability: FWD
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Other Capability: Google Map
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Portable Prep-ME Software

o For portable WIM and short term count
programs

o To check traffic data in the field: Identify
data Issues In the field & taken on-site
correction activities
o Save participating states’ time and costs
o Assure DOTs to collect high quality data that

can be used for ME Design and many others

o Help engineers view WIM data and conduct
relevant analysis and comparisons during WIM
calibration process

Google Map v3.22 API & "
_I_’_t_lﬂablu WIM - _Pl_a_n_'t-.lhic \\;"II\_I

"
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Prep-ME Future Development

o Assist participating states implementing

Prep-ME
o Develop new module for local

calibration: Required since the models

in ME were developed using national
Inputs

(24

Prep-ME Software Demo Outline

o Traffic data import with TMAS check
o Weight & classification data check
« Automatic TMG data check
¢ Monthly & daily data review
+ Data sampling and replacement
o Traffic data export
# Setup dusters
+ Identify traffic dusters
+ Generate/view output data

Prep-ME Software Demo

Prep-ME Software Demo Outline

o Climate module: data import and
output

o Material module: E*, CTE, soil
map, FWD

o Portable Prep-ME

70

Thank you for

your time & support
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