TTI: 0-6940

= Texas A&M
< Transportation
Al nstitute

Guides for System to Render M-E Traffic Data for
Pavement Design: Instructor’s Guide

Product 0-6940-P4

Cooperative Research Program

TEXAS A&M TRANSPORTATION INSTITUTE
COLLEGE STATION, TEXAS

in cooperation with the
Federal Highway Administration and the

Texas Department of Transportation
http://tti.tamu.edu/documents/0-6940-P4.zip


http://tti.tamu.edu/documents/0-6940-P4.zip




GUIDES FOR SYSTEM TO RENDER M-E TRAFFIC DATA FOR
PAVEMENT DESIGN

Instructor’s Guide

by

Lubinda F. Walubita
Research Scientist
Texas A&M Transportation Institute

Sang Ick Lee
Assistant Research Engineer
Texas A&M Transportation Institute

and

Aldo Aldo
Research Associate
Texas A&M Transportation Institute

Report 0-6940-P4
Project 0-6940
Project Title: Develop System to Render Mechanistic-Empirical Traffic Data for Pavement Design

Performed in cooperation with the
Texas Department of Transportation
and the
Federal Highway Administration

Published: October 2020

TEXAS A&M TRANSPORTATION INSTITUTE
College Station, Texas 77843-3135






DISCLAIMER

This research was performed in cooperation with the Texas Department of Transportation
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SECTION I. INSTRUCTION

This guideline is to demonstrate the key findings of Texas Department of Transportation
(TxDOT) Project 0-6940 Develop System to Render Mechanistic-Empirical Traffic Data for
Pavement Design. It can be used as an instructor guide to provide in-depth understanding of site-
specific ME-compatible traffic data for pavement design.

The training workshop is a half-day course intended to provide the methodologies for generating
and utilizing site-specific ME- compatible traffic data for flexible and rigid pavement designs.
The course is designed to cover:

Traffic data sources to obtain the applicable M-E traffic data

Traffic data parameters calculated and generated using the collected traffic data such as
traffic volume, speed, classification, and weight data

Traffic data inputs required for pavement design (for FPS and ME design software)

The traffic data storage system (The T-DSS) to store and provide ME-compatible traffic
data support

Data analysis macros and clustering algorithms to automatically analyze and generate the
ME-compatible traffic data






SECTION Il. COURSE MODULE

y &5 Project 0-6940

Develop System to Render Mechanistic-
Empirical Traffic Data for Pavement Design

Workshop

Key Message Training title

Interactive In this workshop, we will review mainly the methodologies for
generating and utilizing site-specific ME- compatible traffic data for
pavement design.

Notes N/A




O Traffic Data Source

QO Traffic Stations & Highway Sites

O Traffic Parameters & Example Results

O Traffic Data Accuracy & System Comparisons

O The MS Access M-E Traffic Data Storage
System (The T-DSS)

O Data Analysis Macro
O Discussion

ok
y &

o e

Key Message

Agenda

Interactive This workshop includes mainly 7 parts:
e Traffic data source
o Traffic stations and highway sites to collect traffic data
e Traffic parameters and example results
e Traffic data accuracy and system comparisons
e The MS Access M-E traffic data storage system (The T-DSS)
e Data analysis macro
e Discussion
Notes N/A




Traffic Data Sources

a) Permanent WiM
b) PortableWIM
¢) Pneumatictubecounters

Key Message

Traffic data sources

Interactive In this section, we are going to review the traffic data source to
measure, collect, and assemble various types of traffic data.
Notes N/A




Traffic Data Sources.
Type of traffic data being collected & assembled
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Key Message Type of traffic data being collected and assembled.
Interactive For the Project 0-6940, various types of traffic data were measured,

collected, and assembled using three traffic data sources,
(a) permanent weigh-in-motion (WIM) stations,

(b) portable WIM units, and

(c) pneumatic traffic tube (PTT) counters.

The permanent WIM data are obtained continuously during the years
while the portable WIM data are obtained during the short-term
deployment periods. The PTT is installed to collect only traffic
volume counts, vehicle speed, and vehicle classification for at least 48
hours up to 7 days, but with no vehicle weight data.

Notes The permanent and portable WIM systems provide the following
minimum type of traffic data:

Traffic volume counts

Vehicle classification and speed

Axle spacing

Vehicle weights, i.e., gross vehicle weight (GVW)
Individual axle loads

Axles per truck

Among them, the PTT can collect only the first three traffic data.




Traffic Data Sources..

Map location of WIM & PTT Sites for traffic data collected to date

@ Portadie WiM (10)
* Q Praumatic tramic tude [FTT| countars (10)

Key Message

Map location of WIM and PTT sites for traffic data collated to date

Interactive The traffic data were collected from 39 permanent WIM, 10 portable
WIM, and 10 pneumatic traffic tube counter sites as presented in the
map.

Notes All the permanent WIM data were obtained from TxDOT’s

Transportation Planning and Programming (TPP) division. The
portable WIM data were measured and collected by Texas A&M
Transportation Institute (TTI) through the short-term (minimum 7
days thru to 1 year) deployment of portable WIM units on selected
highway sites around the State. Likewise, the pneumatic traffic tube
data were also measured and collected by TTI through the short-term
(minimum 48 hours thru to 7 days) deployment of pneumatic traffic
tube counters.




Traffic Stations
& Highway Sites

a) Permanent WiM
b) PortableWIM
¢) Pneumatictubecounters

Key Message

Traffic stations and highway sites

Interactive

The next section is on the information of traffic stations and highway
sites where the traffic data were collected.

Notes

N/A




Traffic Stations & Hwy Sites.

Example permanent WIM stations

Station | District Climatic | Hwy Lane GPS Coordinates
ID# (County) Region Direction

W513

W523

W524

W527

W531

W534

W541

W542

W547

WAC(Bell) Moderate  IH 35 All (NB & SB) 276-280 N 30°51' 36" W 97° 35' 18"
PHR(Hidalgo) Moderate Us 281 All (NB & SB) 750-748 N 26° 41' 09" W 98° 06' 53"
ELP(EIl Paso) Dry-Warm IH 10 All (EB &WB) 40-41 N 31°37' 59" W 106° 13' 08"
FTW(Wise) Wet-Cold SH 114 All (NB & SB) 582 N 33°02'11" W 97° 25' 56"
LRD(La Salle) Dry-Warm IH 35 All (NB & SB) 50-55 N 28° 13' 05" W 99° 18' 10"
CRP(Corpus Moderate IH 69 All (NB & SB) 145 N 27°50' 23" W 97° 37' 59"
Christi)

ATL(Cass) Wet-Cold FM3129  NB(L1) & SB(L1) 232-230 N 33°13'32" W 94° 05' 56"
BMT(Western Wet-Warm  |H 10 All (EB &WB) 860-865 N 30° 07' 35" W 94° 01' 25"
Orange

AMA (Potter) Dry-Cold IH 40 All (EB & WB) 110-120 N 35°11'39" W 101° 04' 26

& Tra nspnnamm
A Institite

Key Message

Example of permanent WIM stations

Interactive The table lists the information of 9 stations where permanent WIM
installed to obtain the traffic data by the TXDOT TPP among 39 sites
around Texas.

Notes Clicking the GPS coordinates open the permanent WIM location on

the Google map




Traffic Stations & Hwy Sites..

Example portable WIM sites

District Climatic | Hwy Lane GPS Coordinates
(County) Region Direction

TS001

TS002

TS003

TS007

TS004

TS005

TS006

TS008

TS009

LRD (Webb) Dry-warm us 83 NB (Outside) 678-680 N 28° 02’ 37.4”, W 099° 32’ 59.8”
BRY Wet-Warm SH7 All (EB & WB) 618-616 N 31°15'27.1" W 96° 21' 09.5"
(Robertson)

BRY(Leon) Wet-Warm SH7 WB-L1 658-660 N 31° 18’, W 95° 35’

FTW (Wise) Wet-Cold SH 114 EB-L1 582-584 N 33°02; W 97°25’

LRD (Dimmit) Dry-Warm FM 468 EB-L1 432-434 N 28°33’; W 99°30°

CRP (Live Oak)  Moderate US 281 NB-L1 & SB-L1 620-622 N 28°27'59.0", W 98°10'50.7"
BWD Dry-Warm SH6 NB-L1 386-384 N 32°13; W 98°57'W
(Comanche)

ODA (Midland)  Dry-Warm FM 1787  All (EB & WB) 280 N 31°41’; W 102°07

LRD (Webb) Dry-Warm us 83 NB (Outside) 696-698 N 27° 46’ 46.2”, W 099° 27’ 0.2”

/ H
[ransportation
7 | .lnsmgrne

Key Message

Example of permanent WIM stations

Interactive The portable WIM data were measured and collected through the
short-term deployment to supplement traffic data from 10 highways
sites where the permanent WIM data are not available. The table lists
the information of 9 of 10 portable WIM sites around the Texas.

Notes The portable WIM data are obtained during the short-term deployment

periods, which is at minimum seven consecutive days up to 1-year
with routine periodic service maintenance.
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Traffic Stations & Hwy Sites...

Example PTT sites
District Climatic Lane GPS Coordinates
(County) | Region Direction
TTIO0001  ATL (Panola)  Wet-Cold US 59 SB (Outside) 308310 N 32°12'05.3" W 94° 20' 35.5"
2 TTI00051  AUS Moderate SH 304 SB 450-452 N 30°06'06.8" W 97°21' 08.5"
(Bastrop)
3 TTI00024  YKM(Lavaca) Wet-Warm  SH 95 SB 522-524 N 29°22'34.6" W97°09'52.0"
4 TTI00002  FTW (Wise)  Wet-Cold SH 114 EB (Outside) 582-584 N 33°02'12.1" W 97° 25'34.5"
5  TTI00005  LRD Dry-Warm Loop480  SB & NB 570-567 N 28°40'58.9" W 100° 30' 10.5"
(Maverick) (Outside)
6  TTIO0016  HOU(Harris)  Wet-Warm ~ FM 2100  NB&SB 456-454 N 29°55'32.6" W 95° 04' 18.2"
7 TTI00007  PAR(Lamar)  Wet-Cold Us 271 NB & SB 187-188 N 33°51' 06.50" W 95° 30' 33.20"
8  TTI00019  SAT(Comal)  Dry-Warm IH35 SB (Outside) 190-189 N 29°42'34.8" W 98° 05' 23.8"
9  TTI00009  WAC(Bell) Moderate IH 35 NB & SB 269-268 N 30°58' 25.90" W 97° 30' 55.2"
(Frontage)
= P
y &8 o nhortation

Key Message Example of pneumatic traffic tube (PTT) counter stations

Interactive Unlike the WIM systems that measures vehicle weights, the
pneumatic traffic tube (PTT) counters were installed at 10 stations to
measure and collect only traffic volume counts, vehicle speed, axle
spacing, and vehicle classification for at least 48 hours up to 7 days
but with no vehicle weight data. The table lists the information of 9 of
10 PTT stations around the Texas.

Notes N/A

11




Traffic Parameters
& Example Results

a) Exceldatashesets
b) PPT slides
¢) TheT-DSS

Key Message

Traffic parameters and example results

Interactive

In this part, we are going to discuss on the traffic parameters and some
example results calculated using the traffic data collected using the
WIM systems.

Notes

N/A
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Traffic Parameters Generated
(a) General Traffic Data | (b) Software/M-E Inputs BEs
1) Volume counts (ADT, 1) FPS
ADTT, %Trucks, etc) 2) TxCRCP-ME (Concrete)
2) Vehicle speed 3) TxM-E
3) Vehicle classification 4) TxACOL
(vCD) 5) TxCrackPro
4)  Hourly & daily 6) M-EPDG
distributions 7) AASHTOWare
5) Growth rates (Gr) 8) PerRoad
6) Vehicle weights (GVW) . R
7) Ax|e |oad distribution Vehicle Class Distribution
8) Overweight's &
overloading statistics
9) ATHWLDs
10) LEFs
11) Etc
& il [T / ‘\’ =k i I' 5L LN I‘
aaaaaaa FISRRUSSEEE i e m A&M
g = Texas .

Key Message

Traffic parameters: general traffic data and M-E software

Interactive Based on the WIM traffic volume, speed, classification, and weight
data, the pertinent traffic parameters were calculated as listed in the
table:

e Traffic volume data: ADT, ADTT, %Truck

e FHWA vehicle classification

e Hourly and daily vehicle distribution

e Growth rate

e Gloss vehicle weights (GVW)

e Axle load distribution

e Overweight and overloading statistics

e Average ten heaviest wheel loads daily (ATHWLD)

e Load efficiency factor (LEF), etc.
These computed/generated traffic parameters are used as traffic inputs
for the flexible and rigid pavement design programs, like FPS,
TXCRCP, and other M-E design software.

Notes N/A
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Example Traffic Results.
Permanent WIM — Volume & FPS inputs (Example Station W531)
NB-L1 NB-L2 SB-L1 SB-L2
FPSParameter | o vcide) | (inside) | (Outside) | (inside) i
T-Besinnine ADT at the beginning of the
ADT-Baginning 6113 2,583 6213 2,656 s e
_ x ADT 3t the end of the design
ADT-END 20 Year 23,001 10,155 23377 8524 period {20 yrs)
2105 ;:15:‘:5' B 3508 548 4011 576
Avg. vehicle speed 52 ~ES e ~ES Approach speed assumed to be
{mph} e = = = egual to operational speed
% Trucks in ADT 47% 13% 51% 14%
ATHWLD (kips) 143 118 123 127
SeTandem axles 55.5% 51.1% 57.55% 54.5%
3 * /.H‘l'uum
I.:A._‘  _ W
Key Message FPS inputs calculated using permanent WIM data (IH 35, Laredo

district, La Salle county)

Interactive From now, | will show the examples of traffic parameters and results
calculated using the permanent WIM data.

First, this table shows the example of all traffic inputs required for the
flexible pavement design using the FPS program. These traffic
parameters were calculated using the traffic data collected from the
W531 permanent WIM station on IH 35 at Laredo district, La Salle
county. The growth rate was calculated as 6.85% from 3 consecutive
years, from 2014 to 2016, in this highway.

Notes N/A
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Example Traffic Results
.
Permanent WIM —FPS inputs (Example Station W531)
rﬁ'. Input Deugn Data ¢S
_________________________ ;
LENGTH OF ANALYSS PERIOC. (Yead 20 | ADT BEGRANG (VEWDAY) 613 |
MIN TIVE TO FIRST OVEFRAY, (Yeor) 10 | ADT.0NO2YRNDVDAY 23001 |
M TIVE BETWEEN OVEFRATS. (Yes) B | YENPESAL 28VR(DR) pmoes) 2008 |
DESIGN CONRDENCE LEVEL 5 6% cH E AVGAFP. SEEED TO OV, 20ME (mp) & E
PATIAL SERVICEADILITY BN0EX 4z : AVG SPEED, OV DIRECTION (weh) 5. :
PINAL SERVICEADLITY BOEX 35 | AVGSPEED NONOY DRECTION fmgh) s, |
SERACEABUTY NDEXAFTER OVERLAY 48 : PERCENT ADT/HI CONSTIUCTION (%) 60 :
DESTRCT TEMPERATURE CONSTANT (M) N : PLRCENT TRUCKS NADT (%) A7 :
PITEREST RATE (%) 0 S s e e i
Pregeam Controés
MAXFUNGS /50 YD, T CONST 200,
NAX THCINESS. BT CONST 0 g g
MAXTHIOKNESS, AL OVERLAYS 60 U b
= = Texns ASM
y 4 o Lo

FPS traffic data inputs (IH 35, Laredo district, La Salle county, NB
L1)

Key Message

The slide shows the screenshot of FPS traffic data input. The users can
enter the traffic parameters including ADT at beginning and end 20
years, 18-kips ESAL, and % truck using the traffic data calculated
using the permanent WIM data, as listed at the previous slide.

Interactive

Notes N/A
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Example Traffic Results.

Permanent WIM -TxCRCP-ME inputs (Example Station W531)

CRCP DESIGN PROGRAM BASED ON MECHANISTIC-EMPIRICAL PRINCIPLES
Deveioped under TXDOT Research Project 5832
IxCRCP-ME vO7h

Version:
A Project enthcation D. Concrote Layer Informaton
[ Diatrct ] [ThcinessofConcrata Layeein) | |
[Ceurny [28-00y Motha of Riptrw (pwi) | 870 |
(Orection T | = E. Suppon Layers informason
L Saton (Begn) A RN T R S
| Staton (End) | [EciClassbeaonSymeen | USCS |
| 50d Canaiteaton of Subgrate ]
| Base Tipe cTe !
B. Design Parameters |BoseThcknessny | 06 |
AR — res Maodutus of Base Leyer (kv ]
(Desgnidfofyon) e — IR T . ——
Number of Punchouts per Wie | "0 } | Compasie X (pssn ) | 0 J
————————————————————————————————— '
C. Design Tramc

| 1
: e - !
| [Tomi Numbar of Lanes in One Direction 11
| [Tom Dengn Tratc i e Dwection (miion £5458) :

Input_ Temperature (Sl Clastification | | X-Table [Compoute K| [STable | [Swess|  Analyws Rewlt  Fal Ressht  Tume vi Punchout

7~ R
Key Message TXCRCP-ME traffic data inputs
Interactive The slide shows the screenshot of TXCRCP-ME input. In the Design

Traffic box highlighted with red-dot line, the users can enter the
design traffic in one direction (million ESALS) using the traffic data
calculated using the permanent WIM data.

Notes N/A
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Example Traffic Results..
Permanent WIM - Truck overweight & overloading statistics
Most Overload Lane ADTT Daily OW Trucks %0W
(> 80 kips)
W523 (US 281) SB outside 1968 98 5.0%
W524 (IH 10) EB outside 3432 77 2.2%
W527 (SH 114) EB outside 1670 333 19.9
W531 (IH 35) NB outside 2 400 144 6.0%
W541 (FM 3129) NB outside 192 70 36.5%
W547 (IH 40) WB outside 2676 159 5.9%
m %age Number/Count of Overweight Axles
Single (20 kips) Tandem (> 34 kips) Tridem (> 42 kips) Quad (> 50 kips)
W523 (US 281) 2.0% 8.0% 21.3% 40.0%
W524 (IH 10) 0.5% 7.8% 16.9% 0.0%
W527 (SH 114) 1.0% 33.0% 90.5% 58.3%
W531 (IH 35) 0.8% 7.9% 20.0% 34.8%
W541 (FM 3129) 0.5% 41.5% 4.9% 0.0%
W547 (IH 40) 1.3% 12.0% 91.8% 0.0%
=t 2 Toxas As
Key Message Overweight trucks and axles collected from permanent WIM
Interactive This table exemplifies the number and rate of daily overweight trucks

and the percentage of overweight axles of 6 permanent WIM stations.

In some cases, a truck may be within legal gross vehicle weight
(GVW) limit, but due to uneven loading, the axles may overloaded as
shown in the table with higher %age overweight on the axles than the
GVW, i.e., W523 = 5% (GVW) vs 8% (tandem).

Notes Limit of vehicle and axle weights
e Gross vehicle: 80 kips
Single axle: 20 kips
Tandem axle: 34 kips
Tridem axle: 42 kips
Quad axle: 50 Kips

17




Example Traffic Results...

Permanent WIM — GVW distribution (Example Station W531)

GVW Distribution - S8 (L1) GVW Distridation - 38 (L2)

GVW Distribution = NS {L1) GVW Distribution - N8 (L2)

Key Message

Gross vehicle weight (GVW) distribution calculated using permanent
WIM data (IH 35, Laredo district, La Salle county)

Interactive

These plots show the distribution of GVW of each lane from the
permanent WIM data collected at IH 35, Laredo district, La Salle
county. The orange line in each plot presents the cumulated
distribution of GVW.

Notes

N/A
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Permanent WIM — Axle weight distribution (Example Station W531, NB outside)
Single Axles Tandem Axles
:
mi" R IO e Il ll
s A,n .~’.;,}r.)‘;.v‘ . o S Aak n;,_f.‘-o.p“ o
Tridem Axles ! Quad Axles
i £ =
2 :
i }
H 1] ]
“mlll NHNIRIAATE
. 1E8% i . ].l.lxi.l I l l I Illll l'l IY!'!VIY!‘
) Ak ». .h’:-hw > ;-L. '.'nl;ln'.vl»;z. 3 -
;—* Ash
= s

Key Message Axle weight distribution calculated using permanent WIM data (IH
35, Laredo district, La Salle county)

Interactive These plots show the example of axle weight distribution calculated
using the permanent WIM data. The data were collected on the
outside lane of IH 35, Laredo district.

Notes N/A
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Number of vehicles

5 8

Number of vehicles

Example Traffic Results.....

Permanent WIM — Overweight hourly distribution (Example Station W531)

L ullll“.'.l.l.““llll L ulllllm.\.l.\.“lll

g% g

® 3
g 3

e Mumuumuuuu

TEBDADD M 2350456 7 6 91010121314 151617 18 19 20 21

Key Message

Overweight hourly distribution calculated using permanent WIM data
(IH 35, Laredo district, La Salle county)

Interactive These plots exemplify the hourly distribution of overweight vehicles
at both weekend and weekdays calculated with the permanent WIM
data.

Notes N/A
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Example Traffic Results.....

Permanent WIM — Overweight daily distribution (Example Station W531)

NB.LL SH-L1
5
- L z
Avis Tike A Tete
NB-L2 SH-L2

5 >

" )

Z <

: l . ; . .
Avs T Asis Titke

o e

Key Message

Overweight daily distribution calculated using permanent WIM data
(IH 35, Laredo district, La Salle county)

Interactive These plots show the daily distribution of overweight vehicles on both
directions of IH 35 Laredo district. As expected, more overweight
vehicles were counted at weekdays on outside lanes.

Notes N/A
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Example Traffic Results......

Permanent WIM — Daily ATHWLD Distribution (Example Station W531)

ATHWLD-NB ATHWLD-SB
1600

00
4
IIIIIII 0.00
Monday

00
y Tuesday Wednesday Thurschy Fridey Satrdy  Sunday Monday Tucsday Wodnesdny Thursday Fridsy  Satrdy  Swnday
ENBLL(O)  WNBL2(D) SSBLIO)  wSB-L2()

_ ATHWLD %Tandem Axles

g

H
Wheel load (kip)
4

Wheel Load (Kkip}

H
]

=

NB-L1 (0) 14.34 kips 55.5%
NB-L2 (I) 11.78 kips 51.1%
SB-L1 (O) 12.25 kips 57.9%
SB-L2 (1) 12.74 kips 54.9%
Key Message ATHWLD distribution calculated using permanent WIM data (IH 35,
Laredo district, La Salle county)
Interactive These plots show the ATHWLD distribution of IH35 in Laredo
district, which is required for the pavement design check in the FPS.
The common ATHWLD is around 12 kips, but the outside lane of
northbound on this highway shows higher value (14.34 kips). It
means that this section has higher overweight vehicle traffic than any
other highways.
Notes ATHWLD: Average ten heaviest wheel loads daily
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Example Traffic Results...
O ME traffic data collected using portable WI
on US 83 NB (LRD) = RM 698-696
Valume Pacametes #P5 Lopat 2 Siagio Autes - Tandem Axies
i |
E !: |..|l|| ”|II|I|E A !: . i"”l lII
TV | | “h, " ,.u_nlll\“n —
o Lo

Vot e S (8]

Key Message

ME traffic data collected using Portable WIM system

Interactive

In this slide, 1 will show the examples of traffic parameters and results
calculated using the portable WIM data.

This volume and ME traffic parameters were calculated using the
traffic data collected from a portable WIM installed on US83
northbound in Laredo district, such as traffic volume, gross vehicle
weight (GVW) distribution, and axle load distributions.

Notes

N/A
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Example Traffic Data Results..

Q

Auarage Hourly Volume

ME traffic data collected using portable WIM
on US 83 NB (LRD) = RM 698-696

Hourly Truck Distrlbution Daily Truck Distribution

\/\/\d\/\ 1

¥ i

1

o
‘//’—\\’ : ﬂ E

|} |

z 2 | s ol " S

T 8 X - ) 3 2 R 4 ‘ ’

Ao ape Daiy

Key Message

Hourly and daily truck distributions calculated using portable WIM
data (US 83 NB, Laredo district, Webb County)

Interactive

These plots exemplify the hourly and daily truck distributions on US
83 northbound in Laredo district using the portable WIM. As
indicated in the plots, most overweight trucks are passing the highway
mainly between 1PM to 7PM. Also, 60% of overweight trucks
(573/951) were counted on Tuesday, Friday, and Saturday.

Notes

N/A
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Example Traffic Data Results...
County Webb Dimmit Artesia)
Nearest RM 698 (0.8 miles to 654 (0.6 miles to
North) North)
ADT 1877 2344 ©
ADTT 610 911 (&) —G>—encial
Avg. Truck Speed 59.4 mph 58.7 mph
20-year ESAL 9.33 million 21.21 million R
. Location Y,
ATHWLDs 11.39 15.9 kips _
Class9 Front Axle Wt. COV 7.5 % 13.4% = 2y
=i
Daily GVW overweight 127 (24.8% 366 (40.2% S
y g ( 6) ( 6) ;"‘:i\% jﬁ%
Daily Tandem Axle 0 o N
Overweight 230 (28.4%) 802 (52.5%) ?Lared é
g vz Texas ASM

Key Message

Traffic data collected at 2 different portable WIM stations on the same
highway

Interactive

This table presents the traffic data collected at two different portable
WIM stations on the same highway: one in Webb county and another
in Dimmit county at US 83 Laredo district.

Two portable WIM sensors and counters were installed those two
different stations on US 83 northbound; Location 1 stays about 44
miles away from Location 2. Although those portable WIM systems
were deployed at the same highway, the traffic data collected at
Location 2 showed higher traffic volume, %truck, and overweight
trucks traffics than Location 1. Even, the ESAL of Location 2 is more
than twice than one of Location 1.

These results indicate that the traffic data should be collected or
estimated properly to avoid excessive or insufficient pavement
structure designs.

Notes

N/A
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Key Message

GVW and axle load distributions calculated using portable WIM data
(US 83 NB, Laredo district, Webb county)

Interactive This slide shows the distributions of GVW and each axle type on US
83, Webb county at Location 1 having lower traffic loads and %truck.
Also, the plots present the overweight GVW and axle load
distributions as well.

Notes N/A
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Example Traffic Results.........

b,

Single Axles

vmu-m-mm
7

2 DANBNBBTBY
Audie Weight [kipn)

27.6% Overloaded Trucks
Daily [GVW 2 8C kips)

1.6% Overloaded Trucks Daily 2
{Single Axle Weight 220 kips)

b=

Ao Distrdution (%)
o - s
———eee
_—

—

-

3403 S0 58
Adde Weight (Wi}

8.4%¢ Cverloaded Trucks Daily

{Tandem Axle Weizht 234 kips)

Over-Weight summary Daily Overweight Count (3 of Total) Maximum Overweight Recorded
GVW Overweight [= 30 kips 121(27.6%) 123 kips {54% Overweizht}
Single Axles (= 20 kips) 14(2.0%) 23 kips [45% Overweight)
Tandem Axles (= 34 kips) 159(26.1%) 66 kips (24% Overweight)
Tridem Axles (2 £2 kips) 11(17.0%) 57 kips (36% COverweight)
Quad Axles (2 50 kips) 0.5 (16.2%) 54 kips (2% Overnweizht)

o* US 83 NB, RM 678-680(WebbCounty, LRD): https://so00.gl/udrétl

o e

Key Message

Overweight GVW and axle load distributions calculated using
portable WIM data (US 83 NB, Laredo district, Webb county)

Interactive

tandem axle on US 83, Webb County at Location 1.

on the highway.

Notes

N/A
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The plots show the overweight distributions of GVW, single axle, and

As listed in the table, over 27% of vehicles were overweigh trucks,
and the portable WIM recorded 123 kips of the heavies truck weight




= 3:00 PM to 5:00 PM {15:00 —21:00 hrs} is most critical in terms of overicaded truck cperation (GVW 2 80
©ps), ie., most ovesioaded trucks cccurred between 3:00 PM &S00 PM |

= Monday & Friday has move recorded cwverweight trucks than the other days of the week — that is most
owverioaded trucks cccurred on Monday & Friday

= US 83 NB, RM 678-680(WebbCounty, LRD): https://so00.gl/udrét| 5 Jexns AsM
= ’ i o L

il Trcks
e Dy OW Trucks

<

Hourly Truck Distribution Daily Truck Distribution

-------

Key Message

Hourly and daily truck distributions of US 83 NB, Laredo district,
Webb county

Interactive

These plots exemplify the hourly and daily truck distributions on US
83 northbound in Laredo district, Webb county.

As indicated in the plots, 3PM to 9PM (15:00 — 21:00 hrs) is most
critical in terms of overloaded truck operation (GVW > 80 kips). Also,

Monday & Friday has more recorded overweight trucks than the other
days of the week.

Notes

N/A
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GVW Overweight (2 80 kigs) 366 (40.2%) 140 kips {75% Overweight|
Single Axes (220 kps) 74(67%) 32 lops (783
Tandem Axles {2 34 ops) 802 {52.5%) 66 kips
Tridem Axes (2 42 kips) 14 {60.7%) S3kps |l t
Quad Axes {2 50 kips) 4 (65.8%) 102 ips {104% Overwe=ht|
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Key Message

Overweight GVW and axle load distributions calculated using
portable WIM data (US 83 NB, Laredo district, Dimmit county)

Interactive

The plots show the overweight distributions of GVW, single axle, and
tandem axle on US 83 Dimmit county at Location 2 having higher
traffic loads and %truck than Location 1.

As listed in the table, 40% of vehicles were overweigh trucks, and the
portable WIM recorded 140 Kips of the heavies truck weight on the
highway. Also, more than half of tandem, tridem, and quad axles were
overweight on the US83 in the Dimmit county (Location 2).

Notes

N/A
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Key Message Gross vehicle weight distributions of SH 7 in Bryan district
Interactive The plots exemplify other GVW, single, and tandem axle load
distributions measured on SH 7 in Bryan district.
The eastbound shows higher overweight GVW distribution than the
westbound.
Notes N/A
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Traffic Data Accuracy
& System Comparisons

Key Message

Traffic data accuracy and system comparisons

Interactive In this part, we are going to discuss on the traffic data accuracy and
system comparisons between portable and permanent WIM systems.
Notes N/A
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System & Traffic Data Comparison.
Permanent WIM — ADT Comparison with TPP

m Iee

W523 (US 281) PHR 14, 527 14, 403

W524 {IH 10) ELP 24, 445 25, 027

W527 (SH 114) FTW 15, 260 15, 869

W531 (IH 35) LRD 17, 681 17, 685

W541 {(FM 3129) ATL 1,121 1,150

W547 (1H 40) AMA 11, 976 12, 187

3 * /.il'uum

— ‘W

Key Message Comparison of ADT processed by TTI and TxDOT TPP using the
same permanent WIM data

Interactive The table is to compare the ADT calculated from TTI and TxDOT

TPP using the same permanent WIM data.

The ADT values from TTI and TPP looks very similar; the differences
are within 5%.

Notes N/A
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System & Traffic Data Comparison..

Portable WIM — ADT comparison with permanent WIM, TPP website, & PTT

TS001
73002
73003
7007
(142016)
75005
TS005

73004

Hwy Portable Permanent PTT
WIM (TT1) wim (1T1) {rm)

US B3 LRD 4 887 = 5130 4618
SHT BRY 2692 2518 252
SHT BRY 2050 1913 2118
SH 114 (E8-11) w 4511 4802 4873 4230
Us281 CRP 10310 10238

SHE EWD 2118 2085

FM 468 LRD 1876 £757

FM 1787 ODA 2521 2552

Us 83 LRD 3520 3769 3506
Station/sites for TTI portable & TP&P website are not exactly the same

Josse Auks
Cod
/A.Hhum

Key Message

Comparison of ADT obtained from permanent WIM, TPP website,
and pneumatic tube traffic counter

Interactive

This table is to compare the ADT obtained from the TxDOT
Statewide Planning Map (by TPP) with the ADT measured using
portable WIM and pneumatic tube traffic (PTT) counter.

Although the station or sites for TTI portable WIM/PTT and TPP
website are not exactly the same, the TPP’s ADT values are similar

with ones of portable WIM and PTT systems.

Notes

N/A

33




System & Traffic Data Comparison...

ok

Portable WIM — Validation with permanent WIM (SH 114, EB outside lane, Jul2016)

Site ID# w527 730007 TN00002
Units LW-527 TRE-3 FTT-1

ADT {£B outside lane) 4802 4511 4230
Hirucks (€6 outside ane} 325% 39.8% 29.2%

ADTT (EE outside lane) 1572 1561 1235

18-kip ESALs 39.4 million 38.7 milfion 353 milion
Comment ESALs estimated using

Haung Book

o e

Key Message

Validation of portable WIM with permanent WIM

Interactive

The portable WIM system was validated with the permanent WIM
data collected on SH114 eastbound in Fort Worth district.

The portable WIM and PTT were installed at the same location near
the permanent WIM.

The ADT, ADTT, and ESAL of portable WIM are similar with those
of permanent WIM.

The portable WIM data were collected only for 1 week (7 days) while
the permanent WIM data were for one year (2015).

Notes

N/A
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System & Traffic Data Comparison....

Volume Pneumatic Tube Portable WIM 2 - Vehicle Class Distribution
-~
ADT 1753 1760 g ; e Pttt Toie e Tortale BTV
ADTT 524 €57 Z_
Truck % 35.6% 37.4% § v

20-Yr 18-kip ESALs 8.8% million  2.31 million

Speed Pneumatic Tube Portable WIM 2
Max [All) 108.5 1140 P gp— “ m )
Max [Truck) 98.5 97.0

Avzg (Al 61.7 60.2

Avg Truck) 58.7 59.1

Speed limit 60 &0

= Uuss3NB RM &£78-680 (WebbCounty, LRD): https://s00.gl/udrétl - AsMd
il |

Key Message Validation of portable WIM with PTT

Interactive The portable WIM system was validated with the pneumatic traffic
tube (PTT) data, which were installed at the same location at US 83
northbound in Laredo district.

The traffic volume data, such as ADT and ADTT, of the portable
WIM system are nearly identical to those of the PTT counter.

Notes N/A
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System & Traffic Data Comparison.....

FPS Inputs Pneumatic Tube Portable WIM Comment

ADT (both direction) at the beginning

- 1 i 2
ADT-Beginning 3506 3520 ofthe designperiod
ADT-END 20 Year £332 £357 AD?I’(both.dlrecnon)attheend of the
design period (20yrs)
18_k|.p ESALs 20 Years 639 231
[million)
< Approach speed assumed tobe equal
> 7 .2
Avg. vehiclespeed (mph) 61 E0 s gl
% Trucks in ADT 35.6% 37.4%

=t US 83 NB, RM 678-680 (Webb County, LRD): https://so00.gl/udrét! - HM: S
l-,}__ 2 : ) /‘-‘ Insnitute

Key Message Validation of portable WIM with PTT

Interactive This table compares the FPS traffic inputs calculated using PTT and
portable WIM data at US 83 northbound as previous slide.

Notes N/A
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System & Traffic Data Comparison......

FPS Parameter Preumatic Tude Portable WIM Comment

ADT-gagimning 4818 4537 ADT (ooth direction| at the beginning of the design period
ADT-END 20 Year z342 5486 ADT (oot direction| at the end of the Cesign period {20 yrs
12 xip £SALs 20 Years |milion| 1728 2121

Avg. vehicie speed jmphn| 617 802 Approach speed assumed to be egual to operational speed
% Trucks in ADT 383% 385%

US83 NB | LRD, WebbCounty | (Between FM 133 and FM 2688)
RM 654 8652 | GPS: N 28° 21' 37.5" W 099° 37' 55.9"

nttoswww ie com/maps pisce /25%C2% 802137 3% 22N+39%C2%E03T 33 9% 22 W/ @228 3503591 -
$5.53373 15 Sz/datas=!4m3! 3ma! 1s0w0 00! Sm2! 3023 35042314053 532204

y 4 A
Key Message Validation of portable WIM with PTT
Interactive Here is another comparison between the portable WIM and PTT

systems installed at another site on US83 highway.

As similar with the previous comparison, the traffic volume data of
portable WIM and PTT system are very similar.

Notes N/A
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The MS Access
M-E Traffic Data Storage
System(The T-DSS)

Key Message

The Traffic Data Storage System

Interactive

Notes

N/A
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L)

The MS Access M-E Traffic Database

The Prototype T-DSS (MS Access)

i

o e

Key Message

The Traffic Data Storage System (The T-DSS)

Interactive

The M-E traffic data storage system (The T-DSS) was developed,
being maintained and managed in the user-friendly MS Access
platform to provide M-E traffic data support for the FPS and other M-
E software.

The Microsoft Access was selected as the platform for the T-DSS
because the Access is compatible with most computer machines and
the engineers are conversant with MS office package.

The data are arranged and stored in tabular format along with zipped
attachments such as MAF and ALD files. The main traffic data tables
are:

e Tables 01-03: Traffic volume and classification data (TXCRCP-
ME input data).
Table 04: FPS input data.
Table 05: TXME input data.
Table 06: TXACOL and TxCrackPro data.
Table 07: M-E PDG and AASHTOWare input data.

Notes

Open the T-DSS attached in the slide.
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Data Analysis Macros,
Clustering Algorithms, &
Demonstration Examples

Key Message Data analysis macros, clustering algorithms, and their demonstration
examples

Interactive

Notes N/A
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Macros, Clustering, & Demo Examples

Key Message

Macro, clustering, and demo examples

Interactive

Three types of data analysis macros were developed to ensure
consistent and efficient data analysis procedure as:

e Portable WIM data analysis macro
e Permanent WIM data analysis macro
e Clustering analysis macro

These macros were developed in the Microsoft Excel VBA platform
because the Microsoft Excel is able to support various computing
methodologies required for the data analysis and is compatible with
most computer machines.

Notes

Click each button to run each macro or demonstrate its example.
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Summary,
Recommendations, & Way
Forward

Key Message

Summary and Conclusion

Interactive

Notes

N/A
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3)

>

Summary & Key Findings

Portable WIM = cost-effective & practical supplement for
site-specific traffic data collection (volume counts, speed
VCD, & vehicle weight measurements)

Pneumatic tube counters = cheap & quick supplement for
traffic volume counts, vehicle speed, & VCD data only; ideal in
situations where vehicle weight data is not critical.

Macros & algorithms = able to compute & generate M-E traffic
inputs for both flexible & concrete PVMNTS

Clustering algorithms = ideal & rapid methodology for
estimating M-E traffic data inputs

T-DSS = convenient & readily accessible MS Access storage
platform for M-E traffic data access

o e

Key Message

Summary and key findings

Interactive

1)

2)

3)

4)

5)

The portable WIM is a cost-effective, practical system to
supplement site-specific traffic data, including traffic volume,
vehicle classification distribution (VCD), and vehicle and axle
weights, where the permanent WIM is not available.

Pneumatic tube counter is a cheap, quick supplement to collect the
traffic volume, VCD, and speed data only. Actually, the PTT is
ideal in situation where the vehicle and axle weight data are not
critical.

The analysis macro and algorithms developed in this project allow
users to compute and generate easily the ME-compatible traffic
data for flexible and concrete pavement designs.

The clustering algorithm is an ideal, rapid methodology for
estimating the ME-compatible traffic data with the minimum
traffic data like ADT.

The T-DSS will provide a data storage platform to access ME-
compatible traffic data conveniently and readily.

Notes

N/A
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Recommendations & Way Forward

WOV o Poabie WN_susons
Y Preumatc_Trafic_Tebe_Statons

! 0 0o 00 ey
Project continuation or implementation:
s) More traffic data collection & continued population ofthe T-DSS for

improved Clustering prediction accuracy
b) Continuedimprovements & enhancements ofthe Cluttering algorithms

= - o o Lo
Key Message Recommendations and way forward
Interactive In this study, the clustering algorithm was developed based on the

permanent and portable WIM data collected from limited
districts/areas in Texas. As shown in the map, more data need from
north, west, and central Texas, such as Amarillo, El Paso, Abilene,
San Angelo, etc.

Thus, the project continuation or implementation of the portable WIM
system will bring the valuable benefits to TXDOT, CST, MNT, and
the districts as the following:

e More traffic data collection and continued population of the T-
DSS, serving as an ongoing traffic data source and improving
clustering prediction accuracy.

¢ Improvement and enhancement of the clustering algorithms.

Overall, it will provide accurate site-specific traffic data for optimal
pavement design, particularly in areas where permanent WIM stations
are not existent.

Notes N/A
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Comments & Discussions

y 2l e
Key Message Discussion
Interactive

Notes
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TRAINING EVALUATION FORM

for participants in the Workshop for TXDOT Project 0-6940
Develop System to Render Mechanistic-Empirical Traffic Data for Pavement Design
Date:
Training Location:
Trainer:
Instructions: Please indicate your level of agreement with the statements listed below in Q#1-7.

Strongly . Strongly
Agree Agree  Neutral Disagree Disagree
1. The objectives of the 0 o) 0 o) 0O
training were clearly
defined.
2. The topics covered were @) O @) @) @)
relevant to me.
3. The materials were helpful. @) O @) @) @)
4. This training experience will be useful @) @) @) @) @)
in my work.
5. The trainer was knowledgeable @) @) @) @) @)
about the training topics.
6. The time allotted for the training @) @) @) @) @)
was sufficient.
7. The meeting room and facilities were O @) ) @) @)

adequate and comfortable.

8. What did you like most about this training?

9. What aspects of the training could be improved?

10. Please share other comments here:

Thank you for your feedback!
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