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This article aims to study the pavement damage forecasting model
suitable for highways in Thailand. with damage results sufficient to charge long-
term maintenance costs and analyze the damage cost covering the cost of
maintaining the road structure as a guideline for calculating truck fees in the future.
The study authors modeled the asphalt road structure by using HDM-4
program using the data of Highway 344, Rayong-Ban Bueng. which is located not far
from the truck weighing station in the modeling. The model was built with a length
of 1 km and a total of four lanes. Tests were carried out using four types of heavy
truck models, simulating the damage caused by heavy trucks over a period of 20
years: cracking, ravelling, potholes and rut depth. relationship between structural
strength Truck quantity and road section It tends to indicate future damage. The

maintenance cost will be charged as per standard axles.
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Select distress type and
prediction model
E. ) I 1
' +

Standard truck Case truck

(STEP 1)
| Generate damage curves

(STEP 1)

l Generate damage curves

(STEP2) § (STEP 3) !

Calculate number |
of truck passes to

(STEP 4)

Calculate number of truck

passes Ny, ., to cause
same distress:

Calculate rutting by 100
standard truck passes

reach failure, N,y diazive

Oinckaq = Onste-100

(STEP 6)

Calculate extra number of
equivalent standard truck
passes beyond 100 passes,

(STEP5) 1

Calculate rutting of 1
extra pass: diuckeq + 1

AN.igeq, 10 CUSE Tiuckag+ 1

(STEP7) I
Percentage of life reduction LR = ANy o
due to one pass of case truck: Naa

(STEP8) l

Nager
360 x AADTT

Years to reach failure: n; = Select repair option

(STEP9) l

Cost
(1+i)™

Present worth value of repair: PWV= —————————— Cost

[

(STEP 10) v

Permit fee: PF=PWVx LR

FIGURE 2 Process for estimating truck permit fees.
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A15197 1 sUuusaussynldlunisnaaeiiasieyt

Truck 80 kips (control) 120 kips 160 kips 200 kips 240 kips
Steering axle (1b) 12,000 12,000 12,000 12,000 12,000
Tandem axle (Ib) 34,000 38.000 36.000 38,000 36,000
Trailing axle (Ib) 34.000 70.000 112.000 150,000 192.000
Trailing axle type Tandem Quad Trunnion Trunnion Trunnion

Truck configuration

Empty vehicle weight (kips) 33 37
Cargo [payload] (kips) 47 83

-
o o~
-
4
v

23 159 195

flan: Cesar Tirado et al. (2010)
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1-5 175

6 - 20 250

21 -40 450

40 - 60 625

60 - 90 800

81 - 100 900

101 - 254 1,000

fa: Prozzi et al. (2012)
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lgndninaugived Federal Bridge dmsugumivuzvanilueynin augnlvliumdngiud

84,000 Yaus (5 wWosidunvuag 80,000 Uaua) 91989970 (Luskin et al., 2001)

Tulnfnw a.f.2012 Sgindaseulisaussyniuiidauiminle uadedldiiu 100%
YofAnuIMTIINAINnIUA (WaRed 20,000 Yaua iaig 34,000 Uous wagauine
42,000 Yaun) 5l 5% v9ainauntnsiuvese uninueinvuali (80,000 Usus)
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lnegldsasoainseAssTuleniusenoumeAsssutouiugIu 95 USS uanfummmiuiui
J917m (county) MUTIUIUIIMTANTUKIU S1882L88AAIR15199 16 wallveentiulu
saussynaumusiau Tlesiden ndndariinensnssy Wudu Alddesdrssasssudey.
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M5197 17 81999970 (Prozzi et al. 2012)

Fodindifvwineuninugdagiulunndaauisaglalunised 17 anuniieinen

NeUBNYBIdILnNnIWan lisiugunsalninulaande

M19199 17 Adansidedvueveserunimuglussiinda

Explanation Measurement

Legal width limit 8', 6" (102")

Maximum width permitted on holidays 14', except for manufactured
housing

Maximum width permitted on controlled access highways*  16', except for manufactured

(Interstate Highway System) housing

Maximum width permitted without route and traffic studies 20"
and certification by applicant on file

Maximum width permitted for new houses 34
Maximum width permitted for existing houses 40'
Maximum width permitted for new tanks 34'
Maximum width permitted for existing tanks 40
Maximum width permitted for portable buildings No limit
Maximum width for manufactured housing No limit

Note*Controlled access highways are those highways that must be entered from an access road,
not from a stop sign. Traffic can cross the highway only by way of an overpass or underpass.
Controlled access highways are usually considered to be the Interstate Highway System.

* One escort is required for all loads exceeding 14' up to 16' wide. Two escorts are required for
all loads exceeding 16' wide. The escort must precede the load on a two-lane highway to
warn oncoming traffic of the approaching overwidth load. The escort must follow the load on
a roadway of four or more lanes to warn approaching traffic of the overwidth load ahead.

*Loads exceeding 20' in width must physically inspect a proposed route and certify to the Motor
Carrier Division by letter or facsimile that the overwidth load can safely negotiate the route.

*There are special requirements for manufactured housing.

41 Prozzi et al. (2012)
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M19199 17 Adensardedidvueveserunuglussiinda (Ae)

Table 1.4: Vehicle Height Limits in Texas

Explanation Measurement
Legal height limit 14'
Maximum height permitted on holidays 16'

Maximum height permitted without a route and traffic study  less than 19’

and route certification by applicant on file

+ One escort required for loads over 17' in height. The escort must be equipped with a
height pole to accurately measure overhead obstructions.

* Front and rear escorts are required for loads exceeding 18' in height.

* Loads 19' or higher must physically inspect a proposed route and certify to the Motor
Carrier Division by letter or facsimile that the overheight load can safely negotiate all
power, communication, and cable television lines, and all other low vertical
obstructions.

fiun: Prozzi et al. (2012)

M990 17 fidansirdadifvuinveserunmusluigiinda (fe)

Vehicle Type Legal Maximum
Truck or single vehicle 45' 75'
Truck and trailer combination 65'
Commercial truck and stinger-steered semi-trailer 75'
combination transporting automobiles or boats
Combinations such as truck, travel trailer & boat or 65'
motor home, boat and towing a car
Truck-tractor unlimited unlimited
Truck-tractor combination overall unlimited,
trailer limited to 59'

Semitrailer

Single unit 59

2 trailers 28', 6"
Front overhang 3 25
Rear overhang 4' 30"
Maximum overall length unlimited
Maximum length permitted without route and traffic 125 125'

study and route certification by applicant on file

One escort is required for loads exceeding

+ 110, but not exceeding 125' long

+ 20' front or rear overhang

Front and rear escorts are required for loads exceeding 125" in length.

NOTE: The overall length indicated on the permit includes any overhang, but the amount of the overhang must be noted on the permit.

a1 Prozzi et al. (2012)
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910 (Prozzi et al. 2012)
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vanvlngndyvesaieuanaieiunanalilun1s199 18 91989910 (Wang et al.,
2018)

= ' a a a oA v
A15719% 18 LaninsuasslaiulnlnduueIuaneNuANAIeiY

The average emission factor of different pollutants (unit: g/Ton-km).

Reference Year VOC NO, SO PM
Forkenbrock (1999) 1995 0.053 0.852 0.024 0.064
Beuthe et al. (2002) 1999 0.089 0.647 0.045 0.039

Fia: Wang et al., (2018)

adunsudesuaiiulneaiadnues Forkenbrock (1999) uay Beutheetal (2002) gn

P lluaull nadnswandluniasnan 19

o 219/00[? = 0.071 x 0.042 x 8.3 = 0.0248 ¥ cents/ton/km

o COT = 0.7895 x 0.023 x 83 = 0.1431 ¥ cents/ton/km

° ;‘as(())ljlc = 0.0345 x 0.029 x 8.3 = 0.0083 ¥ cents/ton/km

o Cpop1 = 0.0515 x 0.0435 x 8.3 = 0.1859 ¥ cents/ton/km

[

AMuniuuAsueniuandouvessaussynuin Cpopp ddel:

VOC NOx SOx PM
i Cpoll = Cpoll + Cpoll + Cpoll + Cpoll = 0.3621 ¥ cents/ton km

A1519%1 19 LanIanIsAUIMUTENSUaRs LA lnLRaY

The average emission factor of different pollutants (unit: g/Ton-km).

Environmental pollutants voc NO, SO, PM Total
The average emission factor (g/Ton -km) 0.071 0.749 5 0.0345 0.051 5

The average pollutants' external cost per gram ($ cents/g)’ 0.042 0.023 0.029 0.435

The pollutants' external cost (¥cents/Ton -km)? 0.024 8 0.143 1 0.008 3 0.1859 03621

Note 1: refer to Forkenbrock (1999).
Note 2: US $ 1 dollar = 8.3 ¥ Yuan conversion in 1995.

fia: Wang et al,, (2018)
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M15199 20 Tuuluaunn wardnst / a Ussnvannuniing Aanuas waganuen §msu

2,000 ‘Luayfym OS / OW Single-Trip Permits

Infrastructure Operations and Safety Impact Fee Schedule

05/0OW Widths summarized by category

Category 1 2 3 4 5 6 7 8 Ll 10 1u 12 13 14
Width Categories <=8-6" | 8.7/9-6 | 97/10-6' | 10~7/11-6'| 11%7/12-¢' | 127/ 13%¢'| 13-7/14%6' | 14.7/15%6'| 15~7/166'] 167/ 17-6' | 17-7/ 18- | 187/ 196" | 197/ 20'-6"[ 207" -21-6"
[Number of Permits/Category] 343 o8 267 219 a79 175 258 70 9 10 12 2 8 10
Current MCD rate [ VMT 1] 6¢ 12¢ 18¢ 24¢ 30¢ 36¢ 42¢ 48¢ S4¢ 60¢ 66¢ 72 73¢
05/0W Heights by category
Category 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Height Categories <14-1" | 14'-1"-15' | 15'-1"- 16 | 16-1"-17 | 17-1"-18" | 18-1"-18' | 16-1"-20' | 20%1"-21° | 21%1"- 20" | 221"-23" | 23'1"-24' | 24-1"-25' | 25-1"-26' | 26-1"-27
Number of Permits/Category| 1081 423 398 77 15 2 3 1 0 1] 0 0 1] 0
Current MCD rate / VMT o a¢ 8¢ 12¢ 16¢ 20¢ 24¢ 28¢ 32¢ 36¢ 40¢ 4a¢ A8¢ 52¢
05/0W Lengths by category
Category 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Length Categaries <82'~ | 821" - 90' | 90™-1" - 100' | 100/-1" - 110/{ 110™-1" - 120'| 120/-1" - 130°| 130"-1" - 140'| 140'-1" - 150'| 150°-1" - 160°] 160'-1" - 170’ | 170'-1" - 180'| 180'-1" - 190'| 190'-1" - 200° | 200'-1" - 210"
[Number of Permits/Category 957 279 256 228 86 60 16 41 5 [ 15 2 7 2
Proposed new rate / VMT 0 2¢ AL 6 8¢ 10¢ 12¢ 14¢ 16¢ 18¢ 20¢ 22¢ 24¢ 26¢

Note: Although 14 rate categories are shown, a total of 34 rate categories have been developed based on the same rate increments.
* Maximum allowable legal length for a stinger-steered car transporter = 75" + 3” front overhang + 4 rear overhang = 82’

41 Prozzi et al. (2012)
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gﬂﬁ 9 Overwidth wag Overheight 71 IH 35 NB—Austin District
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158—0dessa District
fln: TxDOT Odessa District
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gﬂﬁ 15 LLﬁﬂﬂﬂ’J']iJLﬁEJW]EJ’UENﬁ%W’Mﬁ IH20 & PR 41

Viu'l: TxDOT Odessa District

JUT 16 UANINTITVIAAABNYBITAIINATTIUTTNVENILEUN
#is: TxDOT

JUN 17 wanansvianaenvaedaainn1siussnnuinldidun
#iun: TXDOT
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N1sANYINEIRUNITIANANIENUNLAAAIN mixed truck ,distress severity

L climate NANARBANASNIBVDIRINIG UazA1U1595n1 Lagfiansa12InNNe
‘:‘I 1 = a

1819 9 nauieglulATanisnIsAnYIaNIIAULERINIITEELE17 (Long-Term

Pavement Performance, LTPP) n153as1ghauvuaniunisiaglideyatuiinves

n1sUnsasnwkaztayan1siuy Al 1988 49U 2016 ANWIMAUNUAULEENIY

mo VMT (Vehicle Miles Travelled) wag ESAL-mile d1915U50UT5NN FHWA Wsag

Uszlny 1neilsuazldunainisned 21 91989270 (Shady Abdelazim wagpuy 2020)

=] a Y a a % A =
MA19199 21 3']8@5L@E’J@WmLLUﬁV]LﬂEJ'JGUENIU'V\quaa@%ﬁﬁmiﬂUﬂqﬁﬂﬂU’]

Table 1. LTPP pavement sections used in the study.

Section

Mean Annual

Mean Annual

LTPP Climate

Life cycle Single Axles

Life cycle Tandem Axles

Life cycle ESALs

ID LTTP Section Prec. (mm) Temp. (°C) Cat, (millions) (millions) (millions)
CA-1 California 7452 1061 15 Wet and Non- 6.1 1 1.2
Freeze
VT-1 Vermont 1004 985 8 Wet and Freeze 44 24 13
WA-1 Washington 483 10 Dry and Non- 5.6 27 24
6056 Freeze

IN-1 Indiana 1037 1308 14 Wet and Non- 6.4 4.4 33
Freeze

CA-2 California 8535 60 24 Dry and Non- 176 10.8 5.6
Freeze

IN-2 Indiana 2008 1003 10 Wet and Freeze 136 1.2 6.4

MB-1 Manitoba 0502 645 3 Wet and Freeze 8.2 59 6.4

IN-3 Indiana 1028 1310 14 Wet and Non- 26.6 273 149
Freeze

CA-3 California 8149 114 23 Dry and Non- 279 29.6 258

Freeze

fia: Shady Abdelazim et al. (2020)

a

lngn15insevidar1agtugns (Net present value) veamsUnauasysuy
M4 (M&R) Manuadvsuusazaiurmialugeszeziain1sdiny 28 U (a.e. 1988-
2016) AuIuIndoya ME&R luadn uazlddoya WIM gl uadunuaIy
a a ! . A o v a a ] ¢ o Y]

\deneu0iRanIeie ESAL-mile uaziioSusuyuaudemerimisdelud dmsu
sOUTTNNUAazUTEIAN AT IR lAYYaIIIvalsiiaznau dAeglugie 0.8 - 1.7
m/km uagA1ANansasaelade agludae 3 - 12 ui. A1 SN YoInauUN1Imadeily

e 1

WasidAeglutig 6 - 8 i

HaN153elaUsTIliuAIANERIEEIN i wauasgulug (ESAL mile)

WaZAIAULEEERINIG fa Szaenelug vessaussnuin dewanslusuin 18 uay
= a % a v = a o

M13199 22 N15ATIERAU T UAUUAIINEEN 8 0IRIN T UVBITAUTINN

wing $7.6 sieludiieuiusosuddiuyanaliies $0.08 dalud
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A2 y = 0.4477x1109
g2 R?=0.9689
MBLT ™ reremmemooeoo LT O
--------------------- ‘ CA_3
10 15 20 25 30

Total ESALs (millions) over 28 Year Study Period

Relationship between Pavement Damage Cost per ESAL-Mile and Loading (ESALs) for Sections with Strength of 6 to 8 SN.

JUT 18 wamsliasgvianlddnglunisinsaysagmaiuiuiunaanasguazas
w7 Shady Abdelazim et al., 2020

M990 22 ANANULEYTIBEINNG

NannaladmsusanUssam

Section ID

Vehicle Class CA-1 VT-1 WA-1 IN-1 CA-2 IN-2 MB-1 IN-3 CA-3

0.106 0.043 0.046 0.006 0.017 0.007 0.017 0.003 0.006
5 0.004 0.001 0.005 0.001 0.002 NA 0.001 NA NA
6 0.049 0.067 0.057 0.010 0.004 0.006 0.004 0.004 0.001
7 1.247 0483 0.084 0.087 0.080 0.069 0.002 0.040 0011
8 0.096 0.006 0.00%9 0.002 0.006 0.002 0.010 0.003 NA
9 0.090 0.049 0.066 0.014 0.008 0.008 0.017 0.032 0014
10 0.256 0.505 0.384 0.016 0.009 0.008 0.038 0.007 0.008
n 0.064 0.135 0.126 0.033 0.012 0.025 0.005 0.013 0.005
12 0312 0275 0.133 0.051 0.010 0.032 0.014 0.013 0.009
13 0.591 0308 0.460 0.022 0.033 0.028 0.092 0.041 0.007

Note: NA indicates the traffic data reported by LTPP included zero passes of this vehicle class on this test section.

Fian: Shady Abdelazim et al. (2020)
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Class | Class 7
Motorcycles % Four or more
axle, single unit
Class 2 .
Passenger cars ”
=4 g
Four or less axle,
& s |
Class 3 m
Four tire,
single unit m Class 9
5-Axle tractor
E=me |
Class 4 m Class 10
Buses Six or more axle,
G- |
Class 11
E Five or less axle,
multi trailer
Class § m Class 12
Two axle, six Six axle, multi-
tire, single unit “ trailer
Class 13
m Seven or more
axle, multi-trailer
Class 6
Three axle, %
single unit

gﬂﬁ 19 MIDMUNUSTLANEUNINUY
fiun: FHWA 2013

2.6.2 NMSAASIERANANULFINAEUDIRIN

NN15ANBIUAUTZIMATIY0IAUYUAIUESMEYDIRIN B UTElan

saussnn Awdulaeldngu axle load Anuuniign wasuminmanalulu

JOUTTNUAREUTEIAN TayafiduImuardtaualun1sei 22 Auialesldnis

U

IS ¥

o ! ’Oj U = 1 g d‘
Avuadnaazdminussnlul 2009 Wiy 1Heaanin1s5Iudeyani1sasnes
lngagidgaanizlul 2009 wazdayan1395133 LTPP Nduiinlilulde s uilud

AL BEANLNEIND IUNTAUINAUYUANUEI N8 YRIRIN R UTEANTAUTINN
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FHWA 3aUsgiansaussnauduiumal fensaiun1sdeundssianily

£%
=

1ne LTPP program §051AMHIUN1MMAMANUTIVTINVUNAIuTNIzT ue gy
UIUNANIAUTINARNINAINUMTNTANTeUIMITNUTIYNYBLNAT 91989310

(Zhao and Wang 2015)

AINULANANTBIAUNUATIEEM B0 L1 RAINTAUTINNTINATINTTY
unilngslumainan Fadudszinmaridduunaedsgegasosaussnby
Uszunnifeniu daiudadunisnaunanssnindminussnnma uazesdusznay

PARTIDUIININ

A8819NTANUIUENSUAIW WA-1

ONANTAIUTUIAUDAIDE19N1TAMUIULA B LAALTAUTINUIB UV U

ANUIANVUARUYUANUEEMIEVDIRINIEMTUN1IMEN NsAuInazkanaly

[
o

Junay 919899311 (Shady Abdelazim et al., 2020)

Tunouil 1: 111595091 (Maintenance cost )

mudayavos LTPP d@1u WA-1 gn Seal coated Tu¥ 2016 funusieniied

[

wilwgureansungeinufe USS2.95/ m? vasainniswlasanaliukagnisusu
51P1%1A517 (Alberta Transportation 2013) aglagiu LTPP fia 3.66 U. x 46.45 .
nsUszanauiUazesnenlul 2016 fie 3.66 1.x46.45 1.x 2.95 ARAA13/4? = 501.5

foaans ﬁﬂ%’ﬁhﬂﬁ%gmmmv‘ﬂuﬂ 2019 lngauu@inonskumie 2% nad:

«  Maintenance cost (2019) = $501.5 x (1.02)@019-2016) _ ¢539 >

Sumnaui 2: ﬁﬁﬁuwu/yimz ( Rehabilitation cost )

Overlay 5.6 3 (0.14 31.) uay 1.8 13 (0.046 11.) gnilul¥ivdiu wA-1 Tudl
1997 wag 2010 w1y Yaya LTPP U 2010 8y Asphalt Overlay mixture 534
RAP (Recycled Asphalt Paverent) Waslius RAP 12% gnianlfifloansiuyuves

Overlay U 2010 lagaunuInuueos HMA winiu 2,243 kg/m?

fuvu HMA Anwdu $39.76 / du Tul 1997 uay $88.47/6u Tud 2010 ey

5189714577 HMA 910 1989910 (Caltrans 2017) 4mitin HMA Aonaaiuesluing
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(ANUNAN9UBAEY 3.66 1. x ANNBNIATIRR 46.45 1. X ANUNUIVDITL) LAaTAIL
RuLUY (2243 nn./av.a.) Gedsnalidl HMA 53,3856 nn. (5338.6 §u) way
15436.1 nn. (15643.6 §u) v09 HMA A141unas Overlay U 1997 waz 2010

AUAIRNU

+ 1997 HMA Overlay Material Cost (1997) = 5,338.6 ton x $39.76/ton
= $2,122.6

+ 2010 HMA Overlay Material Cost (2010) = 1,543.6 ton x $88.47/ton
= $1,365.6

faniiunisiag NJDOT fiununis Overlay HMA 7iavid

s

AINNITIATIZN

Usanal 3.5 Wveerunudan HMA ieauinaldaneuasfiunun1snaasng 81989

21N (Carnegie 2016)

« 1997 HMA Overlay Cost (2019) = (3.5 x 2,122.6) x 1.0220191997) =

$11,485.3
« 2010 HMA Overlay Cost (2019) = (3.5 x 1,365.6) x 1.0220191997) —
$5,072.3

[
o

TUABUTN 3: ALY MER VI9v1n

ALY M&R 7IMINATaMIN WA-1 Aanasiuvaen1sun§esnynieg Seal

coating waen13 Overlay

+ Total M&R Costs (2019) = $532.2 + $11,485.3 + $5,072.3 =
$17,089.8

[
U

YUABUN 4: AIPNAULABVINERIN1IMBD ESAL-Mile

Joya LTPP 518911 ESAL viaviualusu WA-1 18w 2,367,500 Auyuay

\HE1N8YDININNABENTIEIUVRIRUY MR VaviaiAsia ESAL Tiavian:

+ Pavement Damage Cost per ESAL (2019) = $17,089.8 + 2,367,500 =
$0.0072
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a2 LTPP fAnuen7 46.45 1. (0.029 Tud) fetu AdsrieRiniess ESAL-

Mile Aa:

+ Pavement Damage Cost per ESAL (2019) = $0.0072 + 0.029 mile =
$0.248 per ESAL-mile

JUADUN 5: A1ANULFLNYVDININLENALUTELANEIUN UL

1%
1 o o

T8YAN1395135v04 LTPP svynguimdnussnnmaimnulseiigalusayn

9 q

Ussinmuazduiumailagiade Jayalldiiedinun ESAL luresemuniviususag

U529 1087190 LERINITATUIUENSUL TN MUE FHWA Class 4

nsussnnlagialudmiusn Class 4 Aelvanmaifion 10 kips uaglnan
Wane 20 kips Equivalent Axle Load Factor (EALF) @usunisinaninaiiaed 10
kips fio 0.0876 Tuvnizdl EALF dmsuluaninang 20 kips Ae 0.120576 TneLadsudn

50U53YN Class 4 Usznaumeinalien 1.72 uaginwang 0.28

! 1 a a d' d' ¥ 1 .
ATUIINALNATITINLAZATAINULAY NI UBINININNLNYIUDIAD ESAL-mile

dusugunmue Class 4 fAo:

« Vehicle Class 4 ESALs = 0.0876x1.72 + 0.120576x0.28 = 0.1847
ESALs
+ Average Pavement Damage Cost for Class 4 Vehicle (2019) =

0.1847 ESAL x$0.248/ESAL-mile = $0.0458 per ESAL-mile

2.6.2.1 MynATISAAIAIUEEMIER Tusginda

'
v v o

NaNISANYLANANNUIY NsdanuAsssuiounsglduldeglu

<9

¥
v ! = U Aa

Jagdu LiiilganaduyaAinude e MiRaduiuiInieeInn1sussyn

Y

1%
o v Aa

UIMUNAUAINAINUA LazldualuInIeNIsUSUAsITILteun11nnNI5Un

UoYAINVTINTH UL MAENANITIATIZNNNTENYTEVILATIATINY Lagdl

[

PANNITIUNITIATIENAIUIUDNTIAST T DRl
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® 14 AASHTO Mechanistic Empirical Pavement Design Guide
Anszilassadsiinsusazundalngfiansaaudsniy 3
sUkUUAD n1sgudalusesde (Rutting) N1suaniia (Fatigue
cracking) UagAINVTUTTAINAVDININIS (IR)) fiinarnimin

IWAILUUAN 9 WazUTunudItngng 9

® Equivalent Consumption Factor (ECF)

ECF =T18 /TL
T18 = time to failure under “N” repetitions of a standard 18-kip axle

TL = time to failure under “n” repetitions of any given axle load

“« L”

NNITIATIZY Mechanistic Empirical Design nmeldaninuinasu
veafgifinda inusinnudenis 3 JULuufe rut depth 0587 fatigue
cracking 10% ae IRl 125 inches/mile fisvezinan 20 U wavdaiuise
AR ECF @vsulianisueailas Ramn1enounin Lagiin1auuuaiIuig

(Surface Treated Pavement) ﬂaamaﬂﬁﬂgﬂﬁ 20

—SN=2-—SN=4 SN=6—SN=8—SN=10 —SN=2—SN=4 SN=6 —SN=8 —SN=10
12 40
10

0 5000 10000 15000 20000 25000 30000 0 10000 20000 30000 40000 S0000 60000 70000

Axle Load (Ibs) Axle Load (Ibs)
Single Tandem
~—SN=2-—SN=4 SN=6 —SN=8 —SN=10 ~—SN=2-—SN=4 SN=6 —SN=8—SN=10

ECF

—
0
0 10000 20000 30000 40000 S0000 60000 70000 0 10000 20000 30000 40000 50000 60000 70000
Axle Load (Ibs) Axle Load (Ibs)
Tridem Quad

JUN 20 M5AATIEYiAT ECF lngondedayaninudnsasaouuiinea1nguuenauuseiny
YDUNA

‘1‘7im: : Prozzi et al. (2012)
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. AUIAANNBAT RN NEMSUNENFALATIET 1IN LUUA o) 1ng
lddoyarneasnssentigainlasenisneaiiensiuanlusy a1n

NAN1TILASIZNUTE UM 1ANSIsULT ey TaLauaAeausIsY

a

Jemmiinussnduiunniidedingrnefmual i
» 3.7 cents/ESAL/mile dm3uimenaunin was
» 2.9 cents/ESAL/mile dmuihmauodilan
. ﬂ’m??ﬂﬁ’]ﬂ%’ummwmLﬁuﬁmﬁfﬂaéwﬁmawmsﬁﬁﬂLﬁui‘u

v & v

(110US$) vilitin1sidedazilinngvune segaudneaA1Usunds

1Y 1

AUFDNITLAUTE

9

= wa

. flgtRmeivilraydeninddu mamads azniu) nsuiaiy
wazidedinvedldauuiiAnansavuimiuiiia Janisiansan
Assrutonludiuidesddevuszanalunisuiudsslassaing
fugudulisesiuiusafifufisnuuade

- nsddeyamsldiusausinluteuyseana 2011 umaaes
Ansginisdivasssudeuuuuiausiisufunisdaiy
Arsssudeuuuuiiy wudnlulsudszualadnasiiy
A1ITULHENTAUTINN OS/OW 933k 111 Suwisugyansy ol

LN N UASTINHBULATY 521 AuwiSoeyansy

2.6.2.2 M5 AATIZHAIATIUNEYNIIAINN Banerjee Uag Prozzi (2015)

Banerjee Way Prozzi (2015) 531 Texas Department of Motor
Vehicles lafin1sdmiuasssudoasaludiuindusoiifouinlng v
11m357U (Oversize) kag3auUTINANUNINTGIU (Overweight) ueTisi s
Fosfindslaiarvounisldemuais wu Wildmuwinszegmalunisifiunia
VMT (Vehicle Miles Travel) 39iin15@nuyilasaaineveedsssuiieuussnn
dhniinAulagldiuguengnisléoudundn lnednassuussanmudidon
Urganazerneas1slneyaduiiansan usage-based N153LAs 11 lAe LY
"ann13 Load Equivalency Factor (LEF) LLazﬂisqﬂﬁWL‘fﬁJu Equivalent
Consurnption Factor (ECF) 518azi8eafanisneii 23 dwsuinaailunis

(%

ANTUIAD AINUANTDIABLAUNTIT 0.5 U7 NUNAMULESNI8USZLNNTB Y
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WANS1IUINNTT 100% %50 IR LAUNIT 125 §2/1ud s1wastdunnisinsIey

Man1319 24 Tpadnsdmnuaisssudouwusoanidu 4 ngu As 80 - 120

kips, 120 — 160 kips, 160 — 220 kips Wag 200 — 255 kips

A1519% 23 wuUTasIMITIATIzinsd@eNan wlaglgwannis Load Equivalency Factor

(LEF)

GEF, by Axle Type

Distress
Mechanism Model Tandem Tridem Quad
Flexible Pavements
Rutting W, 1.44 1.87 222
# In(ECF) = (e’ x SN*) x ln[i"J
GEF x Wy
[single axles]
In(ECF) = (0.265N*¢ "+ 3.04) x In| ——L_—
GEF x W,
[Iandem and higher]
Cracking W, 1.89 2359 3.10
In(ECF)=(-0.51+5.72) x In| ——
GEF x W,
Roughness (mm[ W, : 7|] 1.57 2.21 241
ECF=¢ GEF xWig [single axles]
(lWix[#‘TJJ
ECF=e¢ TEF x Wig [tandem and higher |
Rigid Pavements
Punchout W, 1.38 2.14 3.08
In(ECF)=3.27xIn| ———
GEF x W,
Roughness 1.57 2,18 2.76

In(ECF) = 1,46x[ We

GEFx W5 )

fi111: Ambarish Banerjee and Jorge A. Prozzi (2015)

AN51991 24 NaNTIATIYIANSIALAUASTIITlENMANANS Load Equivalency Factor (LEF)

Weight Highway
Class Pavement Bridge Rate Composite VMT-Texas Proposed Maintenance
(kips) Configuration Rate ($/mi) ($/mi) Rate ($/mi) PROS (mi)* Fee ($) Fee FY 2011 ($)
80-120 15-kip steering + 45-kip tandem 0.347 0.231* 0.58 9 (minimum) 522 150
+ 60-kip tridem = 11.5 ESAL 244 (average) 142
672 (maximum) 390
120-160 15-kip steering + 2 No. 42.5-kip tandem 0.494 0.377" 0.87 5 (minimum) 4.35 225
+ 60-kip tridem® = 14.6 ESAL 111 (average) 96.6
492 (maximum) 428
160-200 15-kip steering + 3 No. 42-kip tandem 0.648 0.485" 1.13 14 (minimum) 15.8 300
+ 59-kip tridem‘ = 17.97 ESAL 91 (average) 103
357 (maximum) 403
200-255 15-kip steering + 4 No. 60-kip quad’ 0.861 0.896" 1.76 132 (minimum) 232 375
=22.59 ESAL 464 (average) 817
812 (maximum) 1.429

Norte: Legal load (ESAL) = 3.97; unit cost for pavements = 3.7¢/mi/ESAL: Texas PROS = Texas Permitting—Routing Optimization System.
“VMT information for OW trucks is based on summary statistics obtained from Texas Department of Motor Vehicles OS-OW database.
"Consumption rate for bridges is beyond scope of study and its details can be found elsewhere (/4).

‘Representative axle configuration chosen corresponding to individual weight categories was also based on statistics obtained from OS-OW database.

fi111: Ambarish Banerjee and Jorge A. Prozzi (2015)
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2.6.2.3 N153ATIEUA1IUEYRI8900UY Dey UazAaly (2014)
lunsAnwvas Dey wazany (2014) lnasuiein FHWA ladinsify
993a Vehicle Miles Traveled (VMT) 5g1319U A.f. 1990 fia 2003 1ngil
Snsuiutudosas 2.32 sol lurasiensusnussniidnsnfistuisdosas
3.06 flod) uarliUszanamsimsuudsmeuneziisasiuduinnninfevay
72 5ea9U A.e. 2008 14 e, 2035 waglud a.a. 1993 ladulouiglunis
DareuAuTEnInn1sudIduinseninegs Texas kag Mexico 4310
UlgUIBAINE1INN Texas Useanun1siaesldiiuannnin 7.7 Wuanumiegy
avss LileufinUsyAnsamvesnuuLaraznuile3995UTaUTINNINTNS
Mexico #emudemevesinmaduludnuazveins Exponential e

a v v a X o ada =
MYUNUDRNTINITINNIUVDY Axle Load (3G‘U33‘Vlﬂ 1 AUNNHNIUDIIATUAN

'
1Y a

Weu1sosuadIuyAnatiuNuAEI9HIY) 31NN15ANEIN Ontario Wudn
AMUFENIBYDIRIMNINLLDIAINTAUTTVIN I AU Ee M enndledauuauy
£ 1 4 [ ¥ v A a d‘ )
LEUTDILINN I DUULEUKAN sauutdundniiatmuidsnien 0.004 1seey
ansysio 1 AlawnsudluvrailieInuilanyindu 0.46 wegyansgiileIauy
)~ a v o A o
aUUEETEY Laziin1sUssiuegnsiduvesnuuanatsoyay 50 Wailn1s
dyasvessoussynumtnifulagusingeglugluuuanudeneviinieae
LaEN1IANYIVEY Arizona WUIINN 1 mSuganignasmuinelnuniiey
waeunevsRuldngrunen i minusInnazdIsUsendasulssnason
U159 4.50 wiseayansy n15AnwIvas Michisan wuin Single Tandem axle
dwmansznuliiinaudsneUszinniasnaninuinnal Multiple Axle wel

TumsnduiuagnuanudemeUssinnsesdounnnad ualuddudfyvees

aawszmmiamwmqmwamuu

(%
[V

AINUIINNITN15UTEEUANULALNIEVDIRINIDULLDININTN

) v ! Ql

Overweight Truck tialdlunisiIsuiieuduatsssuideuininsyle
siun1sdanu Inen1siesiziasldnugiuniuauufgiuves Ohio DOT
InayjaituRanueailafinmounisdunan TneAunuaudenievadiams

91989 ESAL auufgIudnsoussnniosas 8.3 U9331UUIOUTTNNLARL
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U3 UTINNUIMTNEIAAIUNYNU18AIUA 1AENITIATIZNRUS

o
a

aandu 3 Scenarios #ail

. s1 ldflsousannislulasstng
« 52l ow Aslulasade

. 531 ow Adulpsstnedenar 8.3

N193LAT1E9191989 The Mechanistic — Empirical Design Guide Tu

N153tATIERlAg AUAANNRZIN ENTITIUMAAY 20 U wawllidnsinis

[

a X a o &
LWHVUVDIUTNURTIAITO8RY 2 AU

(1+r)"-1
design ESALS = AADTT x ~———— x fa x f1 x 365 x ESAL factor

f; = directional distribution factor (0.5),
f; = lane distribution factor (0.95),
ESAL = 18-kip equivalent single axle loads,
r = annual growth rate (2%), and
design life (20 years).

n

1INATIATIERNUIT OW TudnsrSeas 8.3 NUSTUIUTAUTINN
winUnidanalvigadmaunuauu (Replacement Costs) g4n31 1.1 Wudnu

wissgansy lnvanunsanszageeniungy 4 aieluil

gUNWIUEYNUTEANN 0.0078 WSegyansgrialud
JOUTINNYNUIEAM 0.1839 Wisegyansgsio ESAL sia lud

5OUSIYN OW 0.0313 wisegyansgsio ESAL so lud

ayuladnnisAuaumAInds el ifinaineunnuzidunialuisa
sz lddumadennislumsinssisesUszdiuasssudenluougymsausivn
atedindnms Wesmesladufnandwwansznulaunsssolaseasranesdadunisluwualiy

Mnannisldnuressaussnuin uenmiloarnnsddinannisiiuamsssudeluyszme
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Fudildizosvaaaiiviivaosainsaussnundudiudslunsnasssudemiududsingn

Nluwids JaduneusniiinanuaAsssuLie

2.6.3 HDM 4 flun1sm1an1saiansldevig

5% U U HDM4 (Highway Development and Management System) @ ©
TUTUNTNUIMITTANITIUUTELUREANSNTHINTT Lnge funann15Ue9s8UUNTS
UIMTUNITINNNANUUUATUINRT o danudangulunisuinisdanis lnguus

ANUAIAUTUNDUNITUIUNSINNTAENG A9

«  FUABUNITINNUKY (Planning Processing) A® TUABUNITITIUNUTEAU
Wleu1evae JUImsszauas lngaseunguseuvensemanissuulaseuany

N LLﬁBﬁ%‘UUU%‘Vi’]iQWUﬂWEQWN

- FUABUNITNINUALNUIIY (Programming Processing) Ao TUMDUANIT

N

[y o

PAIFU ANAIAYVOIAIENI NIFINFTTIVUTEUIU LAZNITNINUATENIT

YauUnsvelusT oY aU LAy SYve

:

. dupeuniswssunsAnduIL (Preparation Processing) A® Funoauns
A5t Ussidiudlasanisungananaislundasniadon lngaidenis
Usganausyalasegmansiias yenudangsy eliiAnysyavsniwgaan
Tuwsiaglasans

. %umaumiﬂﬁﬁ’ﬁmu (Operations processing) A Funouni