
NJDOT Report No. 97-003-7950 

TRUCK NOISE LEVEL UPDATE 
FOR 

NEW JERSEY 

Final Report 

By 
Robert Sasor 

Principal Engineer 

August 1997 

Prepared By 
New Jersey Department of Transportation 
Division of Capital Program Management 
Bureau of Quality Management Services 

Research Unit 

In Cooperation with 
U.S. Department of Transportation 
Federal Highway Administration 





NOTICE. 

The United States. Government does not endorse products or manufacturers. 
Trade or manufacturers' names appear herein solely because they are considered 
essential to the object of this report · · 

DISCLAIMER 

The ,contents of this reporLreflect the views of the author who is responsible for 
the facts and the accuracy of the data presented herein. The contents do not 
necessarily reflect the official viewsor policies of the New Jersey Departrnentof 
· Transportation or the· Federal Highway Administration. This report.· does not 
constitute a standard, specification, or regulation. 



. i 
i . 
' 

. 1 

. ' 
·-·{:,., ., ,, 



TECHNICAL REPORT STANDARD TITLE PAGE 
1. Report No. 2. Government Accession No. 3. Recipient's Catalog No. 

FHWA/NJ-97/003 
4. Title and Subtitle 5. Report Date 

Truck Noise Level Update for New Jersey 
August 1997 

6. Performing Organization Code 

7. Author(s) 8. Performing Organization Report No. 

S. Robert Sasor 97-003-7950 

9. Performing Organization Name and Address 10. Work Unit No. 

New Jersey Department of Transportation 
CN 600 11. Contract or Grant No. 
Trenton, NJ 018625 NJ SPR Studv 7950 

13. Type of Report and Period Covered ·-
12. Sponsoring Agency Name and Address Final Report 
Federal Highway Administration September 1992 -December 1996 
U.S. Department of Transportation 

14. Sponsoring Agency Code. Washington, D.C. 
1 s_ Supplementary Notes 

16. Abstract 

This report presents the findings of a research study to update the noise emission levels of 
trucks traveling on flat, upgrade, and downgrade highways in New Jersey. Measurements were taken 
over the period September 1992 through August 1994. Current levels are presented and they are_ 
compared to those taken in New Jersey in May through December of 1977. Measurements were made 
for 2 to 6 axle trucks and .2 & 3 :axle .buses. ReferenceJ~nergy Mean gmission Levels (REMEL 's) as 
a function of speed were determined for two general truck classes: (1) medium trucks & buses and (2) 
heavy trucks. N .J. truck levels for 1992-94 are compared to 1977 levels using regression analysis 
and non-parametric statistics. REMEL's for 1992-94 N.J. trucks are also compared to the 1994-95 
truck REMEL's in the new FHWATraffic Noise Model (TNM). 

It was found that 1992-94 N.J. truck noise levels were lower than 1977 levels by 2.3-3.5 dBA. 
There were some slight differences between the 1992-94 N .J. and the .new TNM truck noise levels --
most notably for upgrade roadways; but in practical terms, noise levels predicted using either set of 
REMEL 's were not significantly different. It is recommended that either the 1992-94 N .J. RE MEL• s 
or the TNM REMEL's be used for all future noise predictions, since they are about 2.5 dBA lower 

. than. the REMEL • s presently used in the STAMINA 2.0 traffic noise prediction program. The result 
of using the lower REMEL' s should be a decrease in the number of noise impacts identified, and 
accordingly, fewer or smaller noise barriers will need to be constructed to mitigate these impacts. 
Thus, a savings in both time & money will be realized in the design and construction of noise 
barriers. 

This report also presents measurement methodology, site selection, and data collection, 
reduction, & analysis procedures for the update study. 

17. Key Words 18. Distribution Statement 
Highway Traffic Noise, Truck Noise No Restrictions 
Vehicle Reference Level Measurements 
Noise Emission Levels, RE MEL' s 
Traffic Noise Prediction 

19. Security Classif (of this report) 20. Security Classif. (of this page) 21. No of Pages 22. Price 

Unclassified Unclassified 130 

Form DOT F 1700.7 (8-69) 

1 



f: 

~'-" 

\) 



DEDICATION 

This report is dedicated to Joseph Flesch who died in February of 1986. Joe was with NJDOT 
for 12 years as a Research Assistant and Engineering Aide. Joe's dedication and hard work on 
site .selection, data collection, data reduction, and data analysis for the 1976-1980 N.J. truck 
noise study, contributed greatly to its successful completion. ·I will always· remember .with 
fondness the remarkable eagerness with which he attacked assignments. 

ACKNOWLEDGEMENTS 

I would like to gratefully acknowledge all members of the Research Unit and the former Bureau 
of Research who contributed their expertise and time to help complete this study. 

Helping take truck noise measurements at the field sites throughout New Jersey were Vincent 
Nichnadowicz, Mike Strizki, and Ali · Anzabi. Vincent Nichnadowicz also helped with site 
selection, data reduction, and setup of the equipment van. 

ZoltanZeisky's assistance in setting up data collection and data reduction equipment, and trouble 
shooting problems was invaluable. · · · · 

Special thanks to Nick Vitillo who wrote a BASIC program which helped speed data reduction; 
he also provided the graphic for the cover. 

Thanks to project managers Tom Fuca and Mark Marsella for their guidance and support. 

Statistic.al sections of this report were reviewed by DickWeed, and other sections were reviewed 
by Raj Chawla, Frank Palise, NickVitillo, and Brian Strizki. , 

I thank Domenick Billera of the Bureau of Environmental Analysis for his support and 
sponsorship at NJDOT. 

And finally, I acknowledge the Federal Highway Administration for their funding and support. 

11 



,. 
I 



TABLE OF CONTENTS 

Page 

SUMMARY &·coNCLUSIONS........................................................................................ 1 

RECOMMENDATIONS...................................................................................................... 8 

INTRODUCTION ............................... : ...................... .-.......................................................... 10 

DATA COLLECTION .............. : ...... ·.........................................................................•......... 13 

Measurement Methodology .................................................................................. ,.. 13 
Truck Classification..................................................................................... 13 
Roadway Classification··················································•········•·······•···•········ 15 
A Valid Measurement .•.. ; ............. u ...................................... ,....................... .18 
D.ata Collection.Procedures .. • ...................... ;................................................. 19 
Sample Size ..... '.·····································•··•···················································· 20 
.Site .Selection.; .• · ............ .................. ; .. ·......................................................... 22 
NumberofTruckNoise Measureme:p.ts .. ; ................................................. ;.. 23 

DATA REDUCTION ............ ;............................................................................................. 27 

·Truck Noise· Data..................................................................................................... 27 
Truck Description· Data ........................................................................ n._••······•········ 29 
Meteorological Data.................................................................................................. 30 
SpeedData •.......... , ...•. , ..................... _......................................................................... 30 
Merging of Data ... ; ... ., ............... ; ............................ · . .-................................................ 31 

DATA ANALYSIS.............................................................................................................. 33 

Site by Site ................................................................ :.............................................. 33 
·truck Class -Roadway Type Groups...................................................................... 33 

· Elementary Statistics ..... · ................. ; ............ :................................................ 33 
Regression.Analysis..................................................................................... 34 
Distribution FreeRankSum Test - Special Analysis Method.:.................... 34 

RESULTS AND DISCUSSION• ............ ~............................................................................. 37 

Elementary Statistics ............................................................... u••······························ 37 
Comparison of1977and1992-94 NJ. Truck Noise Levels ................. ;.................. 37 

Regression Analysis .......................... : ................................... .-...................... 37 
Truck Reference Energy Mean Emission Levels (REMEL's)..................... 39 
Special Analysis Method - Distribution Free Rank Sum Test..................... 47 
In Summary.................................................................................................. 55 

111 



i. 
I 

.· TABLE OF C(!)NTENTS (continued). 
i 
I 
' ,. 

. . ' ! . . . ' . . . . . 
Comparison ofl'l Jersey's 1992 ... 94 REMEL's and fHWA 1NM REMEL's ... . 

Level Ro ways., ... ; ...... ·.; ...... l; ... ,., ..... ; ... ; .......... ; .. , ............. ; .................... u .. . 
U ad . ad . . I . I. 

pgr e: . ways········'.······,···········•·········· .. ········ ... ························•·········· . 
Summary ......... :.. .. .......•. ; ...... ) ........ ; .. :·;·.~ .•......... : .... ;;····••u••················;·········· . 

. ·· ... I . .·· •· . .· 
: . ' ' ' . . . ' . 

.IMPLEMENTATION .... ; ...................... : ..... .'i .. ;: .•.....••.•.......•.•. ; ••...•...•...........•.•.. : ...•.••.•• ,.; .... . . I ' •·, .· .· ' I . . .· . : ' ' . ' . .· 
I . ' . I . ' . 

Benefits ········'···t· .. :, ..... : .....•.. :.:.'. ....... ; ... ; .. ; ................... : ....... • ...................... :; .............. . 
·.. . . ' . . . ! ' . . ·. .' . i . ' .. . ·... . , . . 

. REFERENCES .......•.... \.· ...... ; ....... , ......... ...... l .............................. .',; .. ; ..... ; ............ :,.; .•.......... · . .. . ' .·. ' . i ' . '. . 

. APPENDIX A : . Data C lection, Measurenient Sites, Equipment ........ ; .................... ; .... . . , . ·. ··... , l . . · ... ·. . . .. . _· . .. . . .. ... . . 
APPENDIX B : Regre& . ns of Truck Nois¢ Emission Levei vs. Speed ·······••uo•• .. --:·••oo . . 

APPENDIXC: 

. i 
! 

• I ·. :] 

I 

.. i .. 

' I 

.1 

' • I 

. . ,,_,,.. : ... ! ',, .. ' . ·, ,:: ,· 
of Field1Data: ....•. l ........ ·: ....• ; ........... ; ... ;:.: .......•. ~.; ........................ . ' ! ' . ' . ' 

1·· 

I 
I 
I 
I '•· ... [, ' 

IV 

57 
57 
61 
65. 

68 

69 

70 

71 

77, 

90 



LIST OF FIGURES 

Figure Page · 

1. Truck Classifications··,··········~···························································•···························· 14 

2. TruckClass 1 (MediumTrucks & Buses) ................................................ :.................... 16 

3. Truck Class 2 (Heavy Trucks) ................ , ..............•... ; ............ , .•........ '............................. 17 

4. Location ofTruckNoise Update Sites ..... , ................................ :···································· 24 

5. REMEL vs. Truck Speed 
Roadway Type 1 {Controlled Access, Level)-MediumJrucks & Buses .. ,.:............... 41 

6. REMELvs. Truck Speed 
Roadway, Type2 (Controlled Access, Upgrade).; MediumTrucks & Buses ... ,............ 42 

7. . REMEL vs. Truck Speed 
RoadwayType 3. (Controlled Access, J)owngrade) - Medium Trucks & Buses ........... • 43. 

8. REMEL vs. Truck Speed 
Roadway Type 4 (Non-controlled Access, Level) )MediumTi::ucks & Buses ............. 44 

9. REMELvs. TruckSpeed 
Roadway Type 5 (Non.;controHed Access, Upgrade) "'. M~dium Trucks & Buses......... 45 

10. REMEL vs, Truck Speed . 
. Roadway Type 6 (Non-controHed Access, I?oyvngrade}- Medium Trucks & Buses.... 46 

l l. REMEL vs. Truck Speed 
Roadway Type 1 {Controlled Access, Level) -Heavy Trucks .................................... ;. 48 

12. REMEL vs. Truck Speed 
Roadway Type 2 {ControlledAccess,Upgrade)- HeavyTrucks ...•.............• :............... 49 

13. REMEL vs. Truck Speed 
Roadway Type 3 (Controlled Access, Downgrade) . ., Heavy Trucks ...................... ;....... 50 

14. REMEL vs.True~ Speed 
Roadway Type 4 (Non-controlled Access, Level}-. HeavyTrucks ...... ,........................ 51 

15. REMEL vs. Truck Speed 
Roadway Type 5 (Non-controlled Access, Level).:. Heavy Trucks:.............................. 52 

·V 



' <lli, , ..• _,_ ...•. :_~ __ o=.•,!1~_:r_i1.· ;_s_~f_.···on·•,id,··.01t. f_•······;· L_· •. :ef_:_.H_ ••... r.•_:._~1T~.·-· .. ·_.:r_';_: _ _:: __ ;_:,--:···:_._:,i ... ····.:.·.r·t:,_ • 
.. . . . . : f£ J~lJ.REME,L .s Vf H;W~ TN¥· S, Med!~1Tnu:,1<~'".[;~yel,.::•:.-•··•·:.-·•··•;:s•u••··. ,i . :,·:,::; :. ;i; · . · . ,: 'i ': 1-· · · ·,. < · i . · ·. :':., .. · ,;·: . · · :·· 

.. ·:,:if ; NJ REME:L ~s VJS ... FIWA"TNM:,REN1EL' - Heayy Trucks, Le~,~·········~···········:· .. ~·:···· ' . ' 
·. < :r ., . ··. ,• J l · , 1 •. " 1 ,, :,, • • '< • 

· N:J:~~BtsJs .•. ,HWA ~M,~MEL's.- Medl~jT~cks, u;~~de~~ .......... ·.: .... :, .... 6i > 
·.. :_ )·\·;:::? l : /' ·_ ·_;.~.- -; -l ·- · .i•\ - ... ,;. -·. ·.-" - .··:. ·. : .. · · . · -

.>.'N~•Iffi~L~._s Vis: H~A-~'.~; .. -L's - ;r~cks,-UP.~e_s._; .. _:·:··:··r:;········:····, .:' _64, 

: :A-l. •; ·Typical ~eas. ·, en~ Site I ~etup .· .•........ : .. : ........... : .. ·-'······;·~·····:·::···~-~···········~··············'.,,.: · . 72 . 
. ):,·:};,. ·":.· ,_··-.... · ·:· '·.: .. J· .. .. ~-:: .- . : .: ~:r>-.. _·. · .. :c' .. ·::'-.·.~·i'-'>:•i;_· ::·· .. -. , .. ·:, ... -
. ,. ,~ 2.: ... Data CPU~on, ~r~··•·•···•·•····•1•··,····•····•·e•···· ............ , ... , .. ····· ····•·. ::··· 

: '-:~·._:. 

··, .. :,: ,_\\a~i~ ),t:Noise::Elriissio 
;. :RoadwaY::~}'l>e 

'. ·" ., .. ,,· .. , . ;"·' . :,·, :· :,,:·::<,<•;.,_: ,' --
,. •.::,-.c_:~•-•:• ••~•;• };:-... ,.-::.::~ :~••.• .:•_:•_:.:,:•., -. :t_. •, <•)--•• • 

.. :B~., \No1~~E~ss10 . . ·.. . · , , . ,< .• . . , . 

, :>~9aclwayfTn,~ (Non~~~~trol~~d ~c~~:s~~Level) J.1edi~_Tnicks &,-Buseii' ... .. ; .. ... ·. 81 
YN6ise)Emi~sion :" 1· \k isl ~<:' ' .. " '' :; ',,_,i;.'. .. , '.'• '. - ' ' 

. ,~:~· i~~~tf~liitf~:r~~~ :··-r7 
evel :vs·.:;:lfruc~ Speed · ·· " ,· , . ·" · · :-';:. · . · .· . . · ...... ··••····. ~viar:~4 &~-c.tnr1~~Do~)'.~~~T~~B OS.::. 83. 

·.· 84:< · 
' ... _:_: ./·: 

'.·.' .·\_::,:,.:; .. '· '.-,.· ·: -:--..;·:\_\-,_.: .. 
' . ' ·\-

' . · -Roadway' Typ~ (Controli~~d l\lcce~s, Downgrade) - iHe~yy T~cks· .• ~::;; ...... · .. .': ..... :.; •.. , · 86 ·, :.:-Ji.\+·· J·. ' ( .,, 



·Figure 

B-10: Noise Emission Level vs. Truck Speed ... · . ·.. · . . .-. 
Roadway Type 4 (Non.;.controlledAccess,Level) ~Heavy Trucks.u••·~···············:········ .. 87 

. . . 

B,-11. Noise Emission Level vs: Truck Speed .- , . .·. . .. 
RoadwayType 5 (Non .. controlled Acfess;. Leyel} Heavy Trucks.'. ... : .......•..•.. ;............ 88 

'B-12. 'Noise Emission Level vs.:Tru~k Spe~d . . . 
Roadway Type (j (Non .. 9ontrolled Access, Level)~ Heavy Trucks:········•···········:,'.'.······-. 89 

C.,I. - Medium Trucks & Buses~ Level; Controlled Access Roadwa;~ •..... ;,. .......... ,: ...... ,....... 92 

C-2. Medium Trucks & Buses.-Upgrad~,:,Controlled Access ~oadways.',; .. no•••··················-_ 94 

c..:3; ·Medium Trucks&Buses..: powngrade,.Controlled Access Roadways .• :: .... u.••·······;···•-... · Q5 

· C-4. Medium Trucks &Buses ~evel, Non~controlledAccess,Roadways :.: .•. , .• : ...........•...... 96 

-- C-5. Medium Truclcs&Buses~Upgrad.e, Non-controlled Access Roadwa;S.~; ... ;: •. : .•.•.. .'; ... - 98. 

c~.~: -_.-. Medium Trucks &. Buses ~I>owngrade, Non.-controlled Access Roadways .• : ......... '..... 100 

··c.:.1. .·Heayy Trucks-Level, ¢ontrolled Access Roadways ...• ···:······ .. ····•··· ... ······••m••~·····•:.... 101 

C-8. ·-• HeavyTrucks- Upgrade, Controlled. Access Roadways .. : •.. ,·····:······· .. ··················;·;: ... -106· 

C~9. _ HeayY Jrucks - Downgrade,. Controlled Access Roadways '..:·•·•·•··••ou~•···;·····;·: ... ;:........ 110 

_-.. c.:10. -HeavyTrucks-Le~el, ·Non-cort~oHed.Accessiloadways .... : •. ,;;.: .. ; ....•..•. ;,.: .......• ;., ..•.... 114 

C-ll. ·. Heavy Trucks- Upgrad~~'Non~control~ed Acc;ess Road~y~: ... ;', ...... i~ ... '.;.~ .•.. ;,.:.; ..... ~., ... 118 · 

C-12. ·HeavyTrucks-Downgrade, Non~c~ntrolledAccessRoadways;; ......•.................. w ..... 120 -

Vll.. 



·,. ' .: 

. ;, P~ge 

··· .· l. · ·. Numbe~ of Tru.ck oise Me/15ureflle~Lts ........................ ; .......... .. .. _, ........ : ....•.. : .............•.. ·,, 25 
' ' '• ' I ' J ' •, ,,,: . : ' ' ' ', i •, ' '•, ' 

-· :2. Summary Statisti 1 for N.J. Truck Cl ses 1 & 2 (199'.l-94} ... ; •..... :· .......................... :..... 38 . ·· 
- I rl .. . I · / . -_,. . . ; . .,: ,· -, . . -. . ,,. -

.·. :·3. N.J. Truck RE I!, Equations 1 Q92-1994 ..... : ............. .i.. ..•....... ............ :.~:~ .• : •..... :.. ......... -·39 
,,,.. ~::-. 

>,6/ · · Medium Trupks d Buses r. 1977 vsJ 1'992-94 Data , , - · , , 
Results of Nonp, ~etric Sltatistical Nialysis;.~ ........... : .. ;.f··~·;; •• ::.\ .•.•••.•••...•.... : ..... ...•.•• :... 54 · · 

•;:·' ', , I ' : . ' · I ' ' . ' ' ·,'.' ' 
, l • f • I 

Heavy Trucks -. 1 7 vs: 1 Q92-94 Data . · '· ' . , 
'55 .•.. ii,' 

-.··,s: 59 

·9'. 61 

·. ·-10: 'Comparison.of . J & :TNMJREMEL's for Medium Trucks,'Upgrade Roadways ........... / 63 ·. 

. 1:l\/~ruri~~i · j'#i,;·;a~r~~.~~~y · . 65 ··. :::::::~~J tSfGTXJ~r0tj~;~ctions .. 7,·······'·· 66 

· (Controll¢d AcJ. s,Highw~ys, -~ 2~"(hide) ........... :·.,;.: ..... :.~ ..... ~:_;: .•........ ; .....•... ; ................ ;74. 

a/A' ::t; ·M_i.· ~.:~.'. '., .en .. \.s,l •_for.~_·R~4d, w~y ,Toii .· •.. ·.· ... · '. ,_• .. i .. ,.'_:' > .. '·.·"~.,ii," .. . >_,:.,' ' :·.-.·. 
· ·· · . > •(Conti,:,11~ Ai s Jligh\'\'J'YS, .2, Upgrade) •... ;;:.,,, •. ,.; .• ,; ... ,;;.; •......• ,cc ••• ,-.;:.,:. •.•• , ••• ,,_; -'.j ,f 

A•3. .:r~.Rru/d~y T;fl° 3 .·.·.· ·. . .••... / i ··. ..·. •· .· . > ··• •. . ..· . 
. ·• . .(Cop.ttelled Ace sH1ghw~ys,;> 2¾.Downgrade} ..................... ;;,.~······ .. ······;··;···· ..... ;..... 74 

. ·, 1:_.1.,:--:.:_: ;., . ·:1·.; 

· - •. : (Nori~~°-n~~llef: ccess Hjgp.w,r&, r 2% Up$fade)' .......... ::.'.•··~····:····:··:···;·'.·-···••H••·· ............ .,75 ,, ,' 
'/ . - - ',_ ' ' -r.-: ' ,, ' ,, ,' . : ',' 

. . ; :1· ·. . . 
,, 



LIST OF TABLES (continued}· 

A-6. Measurement Sites for Roadway Type 6 
(Non.:.controlled Acc~ss Highways, > 2% Downgrade) ... ;................................................ 75 

A.:.7. Number ofTruckNoise Measurements By Axle Classification & Percentage of Total.. 76 

C-1. · Vehicle Type Codes····:···············: ...... '. ..... '. .................. ; .......................• , ..... ;;_........................ 91 

ix 



i 



; ~SUMMARY ANDCONCLUSIONS' .•.•. · .·.·,· 

This study ~as undertaken to update the tnick noise levds which V\'er~. measured in 'New Jersey 

in May through December of 1977/ Truck. ;ois~ ~easure~ents weie tajc~~ in September 

. through Deceinb~r of 1992, June thr011gh Decelllber·of 1993, and July through Aµgust of 1994 .. ·· 
. . . . .. ,•·.···· '\' . ,. . . . ,,_, . . .. 

This. ~Ort presents . a comparison of the .~ck noise levels me;:tSure<i ,ill · 1992~~4 to those . . , . ' . . . ,. . '. ·. 

·:measured in .1977 ,· and also acomp~son' of the T992-"94 NJ .. ievels to th~ FHWA levels in the 
. . . . . .· . 

,. 

· .. new traffic noise model{INM) which were ineasured in 1994~95 _l 
.. ::::-" 

Over the years,. NJDOT ~: Use~(the Fe~erali I:Iighway Administration (FH\VA) app~oved ··· 

highway traffic noise prediction computer,pro~i · ...• ~Tt\MJNAVersiCJn 2:g t0.predict expected .· 
.. 

'measured in the mid· 1970's, ·•A liniited '.:number of heayy truck noise · levels were measured in 
• · • -· ,- = ·• . • . • · -: "· -- • • ·• ;+~; ~~•:·:~-.. '\:, :i~)(\, .. __ ,.:,\/~:- ·-_::~~~-.-:_<:, ·:-. -.! _.. __ :/::-:-.~...,:>:);.~?. · :_.~I):i:. _., ~-, _.•:. · . . . ·. -- , - . , · . · 

·. ·N.J.in'.the mid l980;s,and theywere:.sigrufi~antiy'.lower'.tbanSTAMINA'.s.levels, as we~l ~·the·• 
•' . ,. . ..· . ' .;, . ' .. .. . . 'i 

.· N .J. levels· iiieasuredin 1977 .•. ' Additiolially, :more stringent Iiois~ regulations wentJnto .~ffect in 
. . . ,_ ,._ ., •' .. ' . ' - .. - . .. - . ' : 

· 1986."(in~use '1me~ium mid 'h~W:.~tni~ks)/;arta/:~~~'.>1'988: ·(new1y;,h1aiiufactured· truck.s): 

Because'. there were ' indications,:,:~d, .. expectatio~ "-that' present•. day: truck noi~e lev~ls ,; were .·.'. 

· . markedly lower thos~ meilsured,in tlie :J~7o~.;,.,·thls: truck noise. update study wasibegun. to ·. · 

accurately detenhine cuftenttrucknoise'levelsi . . ,, . . . . ,' .. , : . . 

If, as expected; curr~nt trµck noise levels are signific~tly .· lower:th~ th~ 1 Q70' s reference leve~s 

. 1 . Sasor, s~R., Detennination of Truck Ne>ise Level~ for Ne~Jers~;; R~p~rt No. 81~006-,779i 1 RJ. Department of 
Transportation~ FinalReport,July1980. . . . . ... :· .. · .. ·. .. , .. .. . .. ,. . . . , ... · . 

. Fleming; Greg G., et al., Developme~t <>fNation~l Referent:e.Energy Mean Emission1::evels for the FHWA 
Traffic Noise Model (FHW A TNM), Version .1 :0, Final ;Report, Noveml>ei 1995, .USDOt Volpe tenter. · · 

•. . . - -.-· ·,:.. . ' .. ' . ,'.. . , ' '·• 
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'· 

. . . i . . . 
I • • 

in the FHWA traffic no . e comp*er Prosrtm, theniUs lik~ly tlle Departinentis ove redicting 

. noi~e le~els adjacentt9 ;oposed hig~wa~s .. ·. Accordingly, using accurate, current c,k n.oise 
i . 

.. . .. .. . . I: ·.· . ·. .• . 
· · levels will result irt Jo r p:rediqtions of pottununity noise levels, and. fewer and 1 ss severe . . . . . , l . . . , .. . . . 

. anticipated impacts on; sidents i;i.ear.~e ~ighway. This will result:.in, N.TI:>OT des. gning 8!1d 
. - . . : l .• ·. '•, .· I . ! < ;. . < . 

constructing fower~d/ .,smaller1 nois~ barii.ers; the -subsequent savings in time an money is < . ·_·. ,. - ; . J _ ·. . .·. ·. - : > .· -.. . .. 
the benefifthat we expr from thi~ truck n9ise update study .1 

•, j , . ·,·· 
I . 

Noise levels ofindivid ! medium: and hea~ ~cks ,;,_ and two, & tlrre,~, 3/'le buses as . _ 
I . : . ·. . , . ·,: 0 i •·· . . . . . . . ; . ·.. . ·._ ·.· ... .. . .· . 

· ~ea.sured on level, upgr e, and cI:owngrad~ roadway sections _of both' 'controlled acces and non~ · 
• . . I .J ',' .. : . • ·.·: , . , ·~ 

controlled access high; ays. Tt>' facilitate fomparisons between clµTent truck ~oise evels ~d 
I I ; ' .· .·• I \ • li .. · . . . . ·.·.- . < .. ·•. ,, . . ·.· 

those from 1977, the l e truck classes j ~d roadway categories were used. so, where . 

possible, measuremenJ e;e rtuul¢ ·~t:~e +ie sites _as iri: 1977. The u~dat~ study was done ona . 
. ' . . i. '• . . . ... ' .. j•. ; .. . . . -. . . . .. ; . 

·. : small~i scale than the
1
~ -· · 977 stu<iy; }J.ow~ver, enough Jneasureinents were taken to assure 

. I 
I 

•••• •• O _; •s; •• •':.. • i• ,• 

:statistical significance. j .. ·_.- .. _.-·. l 
. <. . .· ! 

I 
I 

. ,. . . ! . . 

Th . k·•·. da 1 • e true noise up te, 
: : .. ·•• ·.·. I 

... · ... ·• : i .. ·.. : . . . .·· _ .. ··· 
dy was conquc19d in the ·follow,ip:g manner} 1) · a methodol gy whic~ 

I 

insured .accurate truck l ise meas_ure_.·. Iti_ents1 w __ d~veloped, 2) m_ easurement sites w · e selected . . . . i· I 

.. with physical charac;t~J ic~ that ~low~d f~r ~~ura~ n1eas~ments, 3} A-\Veighted* iloi_se. level .. 
:. ··.,: ... ·.. ..• ·. · .. •. ! I, . • I . • . 

. (including 1/3 octave , uencies), speed, 4escriptive, and meteorological data were c lle9ted at • 
. - · .. . · ·.• I -.· · .. ··.·. _·.-.·. • I .,·• ·• · ·. .··•.· · •. __ ·. ·· -- -· .. · 

. th·L·.•·e,e_v·_·_seiltse-.:·s:·(RE·., anMEd. 4L) .. ~.·s_)·s .. asdf' •. was re,d~ced_an,attalY:zed. · Reference ~nergy:Mean Nois 
function,·of _the ·logarithm of speed ·were determined_.for 

'. .. . I, . . ' .. . 
, I • • ,. • •• , ·., 

1992-94 
. - i · .. ,.· .· . . . . . . ·, . 

. m_ edium. and heavy tru~. · . These REMELjs .and the actual :truck noise level data we e used for . I . . . I 

i 
I 

·1 
I 

.. I I: 
. .- .. ~-- i 

. • A:"'.weighting simulates th~ 
! 

I 
. I. ·. i .' . c;mse of die hwnan eiµ- ,o soundJevels . 

. ! 
j 
i 2 I . 

I 
1· 
j 



the comparison of current and past NJ truck noise levels. REMEL's alone were used for the 

comparison of current NJ truck noise levels and the reference truck noise levels in the new 

FHW A Traffic Noise Model. 

For this study, truck noise measurements were taken at 25 sites in New Jersey. The goal of site 

selection was to pick sites from which a representative sample of the N.J. truck population could 

be collected. Using a 1/3 octave real-time analyzer, the maximum A-weighted noise level an:d 

the simultaneous· 1/3 octave frequency spectrum (20Hz to 20KHz) were measured for the passby 

of an individual truck, at a distance of 50 ft from the lane of travel with a microphone located at a 

height of4 ft above the ground, . The truck's noise was also recorded on a tape recorder and. was 

played back in the lab into a graphic level .recorder to check that each truck was isolated from 

other highwaytraffic to the extent thatits noise level was free from significant interference. 

Data reduction was done on nearly 1,200 truck noise level measurements. After checking 

calibration signals; wind speeds, interfering and extraneous noises, missiri,g data, etc., 222 of 

· these measurements were discarded, and wh~t remained: were 974 valid truck noise·· 

measurements representing the 13·axle,classifications and.6 roadway types.for which data.was 
. . . . . . . . 

collected. Noise, speed, and descriptive data for the valid me~urements were inerged into a. 
. . '· . . .. . . . ... . 

single computer file for each site .. TJ:iese files were ·then analyzed using the SAS System of 

statistical analysis software. Elementary statistics were first calculated on a site : by site basis; 

then calculated again for. the twelve truck class-roadway type groups (see Pages .16 · & 17 for 

truck classes .and Page 15 for roadway types). Data.analysis also included the development of 

REMEL' s for ·each group under the assumption· of normally distributed data ... REMEL' s were 

3 
... .,. 



', · .. ·· ·,' ' I' I' ' ',' ,, ' ,·,,' ' ' ' ' ' 
used fcir both the comp . on of 1977 am~ 1 f 92.94 NJ truc:k ~oise levels; and the. com arison of .. 

current .NJ truck noise 11 I el~ and:_ those. in i ilui new FH~ traffic ndise model {TN . ). • hi 
' ' ·. ' ' •· ', i ' ' ·' .•. .• ' '' ' 

addition, a specialnon~ ametric analysis imethod was us~d to compare present an · 
' ' ' ' ' ', '': : ! ,.·' .•..•. ·.•·· ' • '' ' ' ' ' ,· : 

truck noise levels. 

Conchi~ions .· 
. . ,. 

· Medium and Heavy T J I 
, ' I 

For controlled access hi~ ys, w~ere ~edir SJ>eeds vvere n~a;rl~ the Same,, 1I1ed1ml n is~ levels . 
i ' ' ' :. ' ' ' ,, ', ' ,, ,' ',, ,,·' 

· for Heavy True~ (Truck· lass 2) were2-4 d,BAhigher than {or MediuniTrucks & Bus s (Truck 
·.. ' ·.·· : '' ! ,, ' ',' .· ' , .. ·' i ' ' ·,·.' .· · .. · ', ,, 0: .•.. ··, ·,' ,, : ' ' 
. Class l);>and ,en~rgy an noi'seilevels, 3~ clBA·higher· (see :table 2, page 38): 

,• I . 1.. . . , 

' ., ' ', I ''' ' ,, I ' ' .·· ' ' '' ,· ' ' ' 
controlled access· highw~ , II1edian noise l~vels for Heavy Tirucks were abou:t 3 .. 3;5. 

,· • .' i• 1. -~ .", I , ·i •; .· ., .. •: :_ : ,: · -'.· ; : . .· ': . • . 
. I . . . . . . . . . than· for Medium True' & Buses; .and e~ergy:mean noise levels, about 3-5.5• dB· high.er. 

' '' •... 'j ' ,' ·. : '' ,' ,, ' ' 

· Median speeds varied onsidera~1ly fqr n~n .. controlled ·ac9ess , highways. · 
' ,: '-· .,! · .. ,,•,' ' '', ,, ,· 

llC>,imal_. . i~ at the 90% c~.' .. ··. ,·. dence J~vel, truck' noise levels for the twelve Truck Class- oadway 
, . . i I . , 

. ' . . .: :• .; ' .. · · ·j . I ' ' 

•. Type groups were from po~ula.tiqns Jn1y· 50¾ ~f the time .. . . . . L . . . 
i. i 

' ' I I i 
Comparison•of 1992.,.94tN.J. Trn~kNoise·Levels • . · ;. . • .. 

I . , . , . ••· .· ..•. f •. ·. ' . '.. .'., . ·.·· ·. .. . . . .· .. ·· 

Statistical testing of ac data values . tjsing the SJ)ecial non-parametric analysi . method . . · 

· ii\di~ted that truck J levels f~r 19~-¥~ from ~t P<>l'u1ati0tl5 .than ' ' ' I ' I 
' ' ' '.· ,, I ' ' ' ' 'I,. ' • ' '', 

· levels for· 1977for·bo~. e.Mediqm·Truckl& Bus and'Heavy.Truck classes; 
' ' ' ! [ ' •',, 

cross all • 

· roadwa(types, Medi~Truck&J;3us noisejlevelsfor 1992-94were L5•3.2 dBA lovv than for 
·, ' ' ' ' ' ' ' i ' 

1977, · on average· oL2.l A lovyer (see ~age 54). 'Again, across all roadway typ s; Heavy 
I . 
. I . . ..... · ·. .' I . .· .. , ·. . ·· .... ·. · ..... 

•. NJ truck noise levels were I asured with a mi~rop~on~ height of4 feet' above the ~ound; FHW A fuic noise 
1eyels, with a microphone * i t of 5 fe~tabove thf road surface. · · , . 

·-. .. • J 

1 ' 
I 
.I 

• I 

J 
,. ,. ; '.. . j 

'· .. I , 



Tnrek noIBeJeyekfor 199?"94 W&e 2. I 4.8 dBA!Ower for! 977,0n average 3.5dBA lo~ 

(see Page 55). 

The .findings' of' the REMEL' co~parisons, tJ:iough less accurate· because of the' a~slllllption of 
• : ' • > • 

normally.distributed data, con:oboratedthose of the .non-parrunetric· method, .. ·. ·comp~g ~e 

·. 1977 and 1~92~94 REMEL vs. speed regressions, show-ed that 1992-94 tiuck REMEVs were 
• • : • >,'• ••• • ·_.:.. .: • • •• • • • •••• 

lower than i9.11 REMEL's foi: essenti~ly all speeds Jor :b~~ the Medium Truck &. Bus ~d . 

HeavyTruckclas~es(seePagesAl-53).:·· At SOiriiles'perhour(mph);.across allroad~y types, .. •• 

.- l 992-941IBivIBL' s-for lvledilllll- Trucks &- Buses were 2.14.0 dBA.lower than }977 REMEL's, -... · 

on avera,ge.J;Q 0dBA lower (s~e :p~~,40).,At:50, ,IllJ)h,: •~ross<all- roadway types, 19~2".'94 ,' 

- REMEL's for Heavy Trucks ~ere li9~5.0 1il3A-!ovvert1:ian J 977 ,REMEL's,:,C>n average 3 .s· dl3A 

· iower (see Pa,ge 47)~ Over the -20 year, period 1975-1995,' FHWA,found ·,similar drops in 
. . . r - . • . . 

.. REME_. L's fbr medi~ and heavy trucltj; (Reference":2; pa,ge 71).-
. . ,·. ., . . - •'' ,. 

'The REMEL's for;this study !\Veret~ompai-ed,tQ,/'tpe FliW;t\. J~affic•Noise,.Model (TNM) _.·.· 
.· REMEL's presented ·in Rcffe~11ce::2~.:,::.:sin~e ,bus~REMEL~'s·are defmed s~arately for TNM,' ·, 

. - . .. . . · .. ·.\ .·. ,. ... . . ', . .,_._ ,.,·. .. . ··,.. ... . . 

·. • buses were remo~ed from,l-J.J Trti~kClas~ 1· (Mediuni ]:fucks & "Buse's) and .REMEL regr~ssi~n 

lines· were recalculated~ ·•.,comparisons. :\Vere 4one-fQr .levefand upgrade roadways formediµm. and 
: . ' . . -.. ,, .-_ .. .- . . .•. . -. ·,' ... 

'heavy trucks. For Jevel road~ys/1NM 'REMEVs for:baseline conditions .(average pav~ent, · · · .. 
'· .' 

constant flow conditions) were compared to NJ ,R£MEL s for b<>th controlled a.ccess and non~ .· · 
-·• .. · . . -··' . ' . . ··. ..· . - ·.. . . . . . . . 

. controlled access high\Vays. ·, Forh_e~vy trl,l~ks Oil up~ade roadways, TNM iEMEL' s were . ' . 

·. compared,to NJ REMEL';,fo~ t>qth,controll_eJ aridqon~c91-1trol~~d ~cce~s ~ghways: Refer~nce .2 



• • I • ,• ' " : • • 

. · MEL':s for!upgf~des are-~e same as thoseforlevel roadw ys. Thus, , 

NJ medium truck Rl; . : f '$ ~or ~n~lled an~ non°c~ntroll'-4 access, upgrade ro dways Ille 

compared to TNM rEL' s for me~iurrf trucks. on lev~t: roadways. Keep in mi d that NJ 

REMEL 's are measure "th the micro~ho~e 4 feet above ~e gro~d_, and TNM RE EL' s are. · 
I ' 1 

measured with the mict hone 5 f~et a~ove! the road surface. The findings are as follo s .. · 
1:. I . .. . . 

I 

For level roadways, : 
' '' ' ! 

l 
<lependence tba(NJ f L'.s (see Pllge~ 58 & 60). Tb;, differellCe be\ween NJ and TNM 

. ·. . . . j . : . I - ·. ·. . . . . ·.. ··. . .. 
REMEL '.s over '~e ceq al speed tang_e: enc~mpassing 80% of the,NJclata is ±2.0 dB· and ±2.3 

· · · · · · . I 1 ··. .· I· . ·· · · ·. 

dBA •for ,inedjuw and Jieavy ·tnicks~ 'resJectively; ' For ~~eeds 'likely :Jo be used fo~ noise .. · ·. . ·. l ; • .. ' / .. ·. i ..... . . ·:. • .... :,· .· .. ·· . ·... . .· · .. · ·· 

. · predictions, there is e~f tially 11-. diff~re,ce· ( < 3/4 dBA)betwee~ the Ni and TNM REMEL 's . 
.. ·. .· , I : 

for trucks ( see Page 65) •. ·• I· 
' ' ' i' i ' 

l 
i l ... :.> 

For Upgrade roadwa~s · TNM trlUck.REMEVs have a greater .speed dependence 
·.. . . I ;. •· .· .: ·· i · .. ··· ··., •• .. > · i .·. ··... ···. · .. 

• · REMEL' s, ·but the difff nee is ,nQt .~ tjiark~cl for •heavy, tnic~- (see Figures 19 & ·20; 

64).,:The•difference b ! . eenNJ,REMEV~ and TNM REMEL'·s is Oto+3.3* dBA .£ r medium 
. I ... • , · ,. I .·· · . ,· . ·. ·. . . . · 

trucks and +0.2 to ·-2:4I A for h¢ayy tn1,c~ over the centr~l speed range encompass· g 80% of 
• ) , I , • • • 

'' ' ' ' .· ' ' ' i ', ' i ' ,' 
th~ NJ ~ta. ,:For_ ~p, l~ely ·to be user for noise predictions~ there ~: some 1eaningful 

differences :between di NJ and TNM tru~k REMEL's for upgrade roadways - -·i. dBA for I. I 
' i .. . . I . 

,' heavy tru~ks oncon~l, d access1 upgradel and + 2.4 dBA for medium trucks on non controlled 

; access:11pgrades (see T~ e 12, Page 66). . . -

I . . 
M REMEL'~ ·fof medium and heayy trucks have a gre ter, speed 

NJ truck· 

I 
·-----------.... , - . I . . . 
• Plus ggn. Nr · MeL'•~~ tus •i~ FaW 4 ~L's m. higw 



However, noise levels predicted for upgrades roadways by the two sets of REMEL's do not 

exhibit these same meaningful differences. This occurs because the differences between NJ and 

TNM truck REMEL's tend to be in the opposite direction for medium and heavy trucks (see 

Table 12), because of the dominance of heavy truck noise, and the large number of cars in a 

typical traffic stream. On Page 67, some examples are given of noise levels predicted for a 

controlled access upgrade and a non-controlled access upgrade using both the NJ and TNM truck 

REMEL' s. • Even though truck volumes were high in these examples, the following was found: 

• For a controlled access upgrade with truck speeds of 50 mph and car speeds of 55 mph, the 

NJ truck REMEL's predicted noise levels 1.2 dBA lower than the TNM truck REMEL's. · 

• For a non-controlled access upgrade with truck speeds of 45 mph and car speeds of 55 mph, 

the NJ truck REMEL's predicted noise levels 0.1 dBA higher than the TNM truck 

REMEL's. 

In practical terms, noise levels predicted for upgrade roadways using either the NJ or TNM truck 

REMEL' s will not be significantly different. 

The benefits of NJDOT using the 1992-94 N.J. REMEL's or the 1994-95 FHWA TNM 

REMEL' s for noise prediction and barrier design are given here. First, the accuracy of any 

future noise predictions and the efficiency of noise barrier designs will be improved. Secondly, 

use of the new, lower truck noise levels will, in most cases, result in lower predicted community 

noise levels. Therefore, NJDOT will design and construct fewer and/or smaller noise barriers to 

mitigate expected noise impacts for a savings in both time and money. This savings was 

estimated at $1.5-2.3 million a year for an average yearly noise barrier construction program of 

$15 million (see Page 69). 

• No barrier case. 
7 
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RECOMMENDATIONS 

It is recommended thatthe truck noise levels (REME __ L's_) determined for this update stud __ Y. (_ 1992-. . . 

94) or those determined for the new FHWA Traffic Noise Mo4el (1994-,95) be used for noise 

predictions and barrier designs at NJDOT. In practical terms, noise predictions and_ barrier 
. . 

designs using either set oflevels will be virtually the same. Use of these lower, up-to-date truck 

noise levels· will result in a significant savings. in time and money to design and construct noise 

barriers. 

Additional findings of this study should be presented in a short supplemental report or paper. 

This report/paper would include · a discussion of the sensitivity of REMEL' s to microphone 

height relative to ground level, and a new method for determining REMEL's which is based on 

the sound energy of a vehicle's noise level. This new method eliminates the need for an 

. ·... . . ·. . . • . ·. · .. ·2 
adjustment to the level-mean to arrive at REMEL's (see Reference 2, pages 34 &35) , and the 

requirement that ·noise level .data_.be nonnally.distril:,uted. · REMEL's .detennined by this·new 

method would be compared to REMEL's determined by the method used in Reference 2. 

It is further recommended that the Research · Unit, in conjunction with the Bureau of 

Environmental Analysis, conduct a short study to determine the accuracy of the new FHW A 

Traffic Noise Model (with lower, up-to-date REMEL's) for some existing noise .barrier sites by 

comparing predicted to measured noise levels. The improvement in accuracy over the previous 

2 Ibid., Fleming, Page l. 

8 



. . . i 
FHWAtraffic noise com 

i 
i 

ter program would alsp. be documented.3 
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. At $Orne regular fnj . j)f if th~ tcatiops ( either in .th• ]iteranrre ·o, othe I ise) that 
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INTRODUCTION 

·· This study was umlertaken to update the truck noise levels which were measured in New Jersey 
I 

in :rJ1ay through December of 1977 for Research Study 7910, Detei:mination of TruckNoise 
. . . 

Levels for New Jersey. For this update study, truck noise measurements were taken in 

September through December of 1992, June through ·December of 1993, and July through 

August of 1994. This report presents a comparison of the truck noise levels measured in 1977 

and those measured in 1992-94. New Jersey truck noise levels for 1992-94 are also compared to 

the FHW A truck noise levels measured in 1994-95. 

Federal noise standards require the New Jersey Department of Transportation (NJDOT) to 

estimate highway traffic noise impacts on the public for all proposed federal-aid highway 

construction .and reconstruction projects.4 Expected traffic noise impacts are estimated using the 

Federal Highway Administration {FHWA) approved highway traffic noise prediction computer 

• program, STAMINA Version 2.0. STAMINA's truck noise emission levels were measured in 

the mid 1970's. Though limited in number, heavy truck noise levels measured in N.J. in the mid 

1980's were significantly lower than STAMINA's levels, as well as the N.J. levels measured in 

1977. In addition, . the . more stringent noise regulations that went into effect in 1986 (in-use 

medium and heavy trucks) and January 1988 (newly manufactured trucks) were expected to 

lower truck noise levels even more. Because there were indications and expectations that present 

4 "Procedures for Abatement of Highway Traffic Noise and Construction Noise", Federal Aid Highway Program 
Manual, Volume 7, Chapter 7, Section 3, Federal Highway Administration, U.S.D.O.T., May 1976. 

• The FHWA has recently developed a new traffic noise prediction computer program called TNM (Traffic Noise 
Model). 
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day truck noise levels w e marketlly lower] than those measured in the l970's, this ck noise 
i 

update study was begun d accurately determine current truck,noise levels. 
'. ' ' 

. : . ' i 
. ! ,. 

i ' 

traffic n01se computer p ogram bemg usedi by NJDOT to predict highway n01se 1m · acts and 

design noise barriers. mus the Deparfin~t is probably overpredicting traffic noise evels for 

proposed highways, com_ r)lelltly •. vere~ng the number and severity of. n. oise imfacts_, and 

in turn, oversizing noirers designed 1'1 mitigate these impacts. This update studt seeks to 

levels, then predictions pr commuqity noise levels adj!ll'ent to proposed highways will be lower. 

With fewer and less sevJ, noi"!' impacts oni residents near the highway, NJDOT will design and 

construct fewer and/or .ll11ern!)ise ban:iers'. and there will be a savings in both time d money. 
I I I I I 

This is the benefit that w el xpect thetruck n?iseupdate study to provide. 
: . I 

_Approach 
I I 

Noise levels of individ medium and heavy· trucks were measured on level, upo:rade, and 
. I I • etl 

I I ... ! ' 

downgrade n,adway sei._ ibns of Ila_ th ~n~-olled ~ccess and. no. n. ~co~trolled. access r._, ··g ghways. 

Measurements were mad for the SlllDe vehicle classes (which mcluded two & r axle 

.' 1·. ' . ' ! ' 

comparisons could be made betwe~n current noise levels and those measured in 1977. In fact, 

wherever possible, me,+ents were mad~ at the same sites used for the original study. Fewer 

measurements were takj ~or this update stuf y than for the original study, but enough t taken 

to assure statistical sig,ji f ce. The Jtucklnoise update study was conducted in the , ollowing 

11 



manner: a methodology which insured accurate measurement was developed; measurement sites 

with physical characteristics such that accurate measurements could be. taken were selected; 

noise level (including 1/3 octave frequencies), speed, descriptive, and meteorological data were . 

collected at the sites; and this data was reduced and analyzed. As part of the analysis, past and 

present truck noise levels were statistically compared, and Reference Energy Mean Noise 

Emission Levels (REMEL's) as a function of the logarithm of speed were determined for 

medium and heavy trucks. 

12 





DATA COLLECTION 

Measurement Methodology 

A measurement methodology was developed which in.sured the accurate measurement of the 

maximum A-weighted* noise level and simultaneous 1/3 octave frequency spectrum produced by 

the passby of anindividual truck.. Measurements were made at a distance .of 50 feet from the 

center of the lane of travel but only for vehicles traveling in the near lane. A system for 
. . 

classifying trucks based on axle cbnfiguration was developed; accordingly, each truck fell into 

one of 13 classes. A roadway classification scheme was determined. with roadways divided into 

six types. A val.id measurement c:riteria was·. established which guaranteed that the noise of an 

individual truck was measured without any sigcificant. effects from the n~ise of other· highway 

vehicles. A procedure for conducting field measurements was developed, and the noise 
. - . -

measuremenfequipment which was usedfo~ data collection was selected. --S~me equipinentwas 
. . , ,.. . . . ' ' 

purchased for the • study. >The -number of measurements that would be taken was .determined 
{' '. ; ' ' ' - ' 

. - -· . . . 

based on . statistical· considerations Tor · estimating th~ mean · ()f a truck . class to the desired 

accuracy. Finally,25 ·measurement sites were selected that.met the physical site. criteria for 

accurate measurements. 

Truck Classification 

Noise measurements were taken for.trucks having two axles with dual rear wheels, three,. four, 

five, & six axle trucks,. two & three axle truck tractors; and two & three ax.le buses. · These types 

of "trucks" are illustratedjn Figure J, Page 14, which shows Truck Classifications 1 to 13. 

• A-weighting simulatesthere5,ponse ofthehuman ear to sound levels; 

13 
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Fi ure 1. TRUCK CILASSIFICATION~ 
! 

Pickup,Panel (u er I Ton) . , 
Two Axle, Singl~-Tired Rear Whe~ls 

11 

~! 

Multistop cir ~ry (over:1 Tonl 
Two Axle, Singl~-~ired Rear Wheels 

er 
r Wheels 

Three Axle emitrailer . . I 

' 

I I 
Two Axle Bus, Dual-Tire Rear Wheeis 

6. 

7. 

8. 

9. 

II. 

12. 

13. 

Three Axle, Single Unit Bo
1
dy 

Four Axle, Single Unit Bod 

Two Axle Tractor Truck 
· One Axle Semitrailer 

o----,o 
Two Axle Tractor Truck 
Two Axle Semitrailer 

Two Axle Tractor Truck 
Three Axle Semitrailer 

0 n..._----

Three Axle Tractor Truck 
One Axle Semitrailer 

0 

.Three Axle Tractor True 
Two Axle Semitrailer 

0 0 0 Q 
Three Axle Bus • Three Axle Tractor Truck 

i Three Axle Semitrailer 
NOTE: Body Types: s shown are for s~tch purposes only,and it is no·t intended to imply 

· · that they airb the only body fy.pes encountered "in these classificatibns. 
'I I 14 . I 



These truck classifications are fo. keeping with· the 197 6 federal noise standards which define a 
' ' ' 

truck as any motor vehicle (including buses) having a gross vehicle weight of greater than 10,000 

lbs.4 On the other hand, vehicles in Classifications A & B of Figure 1 were not considered· 

trucks because in general their gross vehicle weights areless than 10,000 lbs. To ~ompare the 

results of the update study to those for the original study (1977 data), we decided to use the same 

general ''truck" classes determined for the original study. These are medium trucks & buses and 

heavy trucks. The medium truck & bus classincludes "trucks" in Classifications 1,2, 4, & 5; the 

heavy truck class includes trucks in Classifications 3,6,7,8,9,10,l l,l2, & 13. See Figures 2 & 3, 

Pages 16 and 171 

Roadway Classification 

Roadways were divided into the six types which are listed below. 

· (1) Controlled access level(less than or equal to 2% grade) 

.···• (2) Controlled access. upgrade (greater.than 2% upgrade) 

(3) Controlled access downgrade(greater than2% downgrade) 

(4) Non-controlled access level (less than or equal to 2% grade) 

(5) Non-controlled access upgrade (greater than 2%.upgrade) 

( 6) Non-controlled access downgrade (greater thari 2% downgrade) 

These types of roadways were selected to investigate their influence on the magnitude and 

character of truck noise. Highways were · divided into controlled and non-controlled access 

because (a) in general, different average speeds and operating conditions exist on these types of 

highways, and (b) the 1976 federal noise standards4 make this distinction in defining highway 

projects. Truck noise on upgrade and downgrade roadway sections, where decelerations & 
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Figure 3. TRUCK CLASS 2 
HEAVY TRUCKS 
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nt opera~ing ¢on. itfons .• (>~cur, Wa$ exiµnine4 to . ~xpand th ·.•· data basl 

beyond cruise.conditto 
·1 ·· 

.. 'AValidMea~ure~~nt '. 
•,· .. •: '.' :. '' ·, ·.·, :.:·J ' ' .. ,, ' . 

To obtain an ac:~ur~t~.:. easure~~nt ~f thf noise produce.d by an individual truck, it must be 

. ··•· S~lated~~l'l:~• ay~~- ~~~I\J~a~:t~~llief v~cies•y,oj 

i . i~vel of the target truck' rd· re~µIf in atI e~ofieOU$ly ~gh ~e~slp'.~IileJJ.t: In light of ' ' 's/ vehicle ' ' ·•··•· .. •~~~~Jr:: i/!f ~•t eld;;;~e n.f Ji1milie.6;hi:r.~·.• ~t.W~cl 
- :)ttj1ck was measmedJf' .·taiget.ttluclc:was at least 1'00 feet from passenger cars an'd250.feef from . 

.. ..... ··. -. - ,. ·_. .. I ·: •' :·:;, :<. ::t -.- ·::':: -:_r- _:·- -::\: -· ·:_: ·· ·. - - - . 
. ,other trucks. Th~.llSe o ~se velncle ~pacmg requirements:insured a (?ertai*idegree f isplation, 

, · · A truck pasi -n~is~--~easu~m~n~-was'.~onside~ed ~alid .if .the total sou _ d 

"-.. level, a~ ob~,- ' e~_!)D ~-,~pbic_·~r~ei re~~~c(~;'t;~ce,.ros~·~~d'.fell ~t least ' 

This cn:: ·~~t. ~!t"t r ) !sJJ{s7. · tlil{vaJi~• 
•,'\ 

·.·. · • .maximum level from passby):was iac~urat¢.•to. within 'approimna.tely Q:S .dB .. -. 
. . /, > ' ",,, •. '. ;"::::·.:!\<:",:'' ,j<:< ::: ; ;,:;:, .·· :,_ . ' :::, ,:,;'.:' . ' > :• · ./1¥story'.;;?f a -~ck·. P¥.1, ·. · did riot ineet. this ·valid measurement criterion:, th~n ihe 
. ', ·: ', '' ·. . . ' ·.' :-:l: ,·, . ' .,· . I ' ' . ' ' . ' 

· . Jeyei ni¢asiiriimen(~ nsiderecj 111.atad d)-opped from furtl# anairilij, ·. 

·S.' 



Data Collection Procedures 

At each of the 25 noise measurement sites; noise, sp~ed, descriptive, and meteorological data 
. . .. . . ,. ' . ' . 

were collected by a -two man crew. Tru~k n9ise )~vel and speed were me~ured by a Larso~-

Davis Model 3200 1/3 octave real time analyzer. When set ~n the "Max Spectrum" setting this.· .· . ' . . .. : . . . .. ,, ·' . ·, .. 

analyzer captured the. maximum noise .level from a. truck pass by \Vi.th its corresponding 1/3 

octave frequency spectrum from 25Hz to 20,0QOHz. The ~alyzer was mariually started when . 

the frotlt of the target truck p~sedatraffic cone placed2so'feet upstream of the microphone; and ... 
• • ' ' • ' I 

manually stopped, wheti the front oftlte truck ·passed a traffic cone 250 feet downstream ,of the 

microphori~. The analy~ provided· an average ~peed· in 111iles per hour for the truck over the 

soo foot interval, 1,y calcwatingitfrom the .tune p~sage t>etween .start and .stop (the time of the 

· . sample). · Every tru~k which passed the sit~ was sampled ifitWllS sufficiently isolated from other·· 

traffic-as per the ~Uin '\'ehicle spacing requirelllents ~entioned earlier. 

A de~cription ofe~ch ·truck was :taken which incl~ded:~e configurfltion,. body type, exhaust 

location, arid J~ad condition (if.discemibler The vvm,d spee4 .and direction were noted for each 

. truck passby measurement. . Temperature :& relative hwniciity were measured at the beginning 
. . ,, . . . 

and the end of the daily . sampling period, and ·baroinetric pressure was noted at the time of 
. . . . . . . . . ~- ' . ' 

system calibration. . The measurement system ,-- microphone, preamp, cables, etc: ;..;. was . . . •. . . . . . ' . .·. 

calibrated with a •124 dB pistonphone at·the start and en&•of the•measurement.·peritid and· midway 

for longel" periods. 

·Larson~Davis mforophones·(Model:2559,1/2 inch condenser), preamps~ and200ft.. cables were· · 
. .-.: .· .. " . , .. ·•. ·. 

used for the .measurements. · A. single•mi~rophon~}with wtndscreen ~as: placed. on a tripod at a 
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I 
I. 

' 
I 
i 

I , , 
· height 6f 4 feet above tli a distance of 50 feet from the center of the lane in 

l!'t!Ck traveled { ol\ly J near iaqe was l.d). . The signal from the microphone was fe</ 
•i ·. · ...... ·.. · . . . . i .... . . . I .· · .. · . ..· , . .i .·•· · . . . . ·• .. ·· 

simultaneouslyto the V3 · ctave .real time analyzer and a IV-.SJ Nagra two channel tap, recorder. . 

The mpe~_order was·~ ed than:re; m ie lab(!) a time ~~tory of each truck,by conld 

b··.e·• .. p··•···•·.rodu .. ced by···· .•gra· .. ·.·p .. tc·1 .... l.··· ... e. v·.· el_rep.o:.1~r. +.the : .• ud. ___ IlJ•~.ure .. ment che~.k pe.rform•.r-. :"d (2·)···.··· .. . each truck passby co1 _ rmoniUlred:_>vit1' headphones .for extraneous sounds. T ck noi$e 

. without weighting (Linj' al-} was ~rd_ed t~ .. ··. c .... · ham1.el l arid aAescription of each 
I . . 

recorded· on Channel Q notations concerning extraneous npi~es 
> ·.·· .· ·. I .. . ,, . J i . ·. ·.. . . . . . . . . . . ·•· ·. . 

mowers, horns, etc.)'anki fue spacing o:f other nearby vehicles on the highway were m de inthe ·. 
i i . . . . .. : i I I i . i ' l ' .... . ' . ·.• . . ' . . . . . . .. ·. .·. / 

fieJd as .required. }\11 iris • . ented V&l wastused for data collection, and it was parke ·over·• 100 

. feet fro~- the l\leasunl Lcropholle to n,ihimi,.. iet1ectiorts. Me..-ents were nly taken 

wheitthe J)llvemeJi( wJJ -Fi,.~Usiing l;t\i; ¢4ui~f _;,~C:h WI!$ usedfQr dam c(lllection . · 
.. ·. .··• .· . ·. . . ···.·•.· .. ·•.·•·.•.• I < .· . . , J.< < .... ·• .•...•..... •· .. . .·•.·. . . . 

see App~ndix A, page 7B. ·' · · j 
I .·. ., 

. 1. e es~ription . . ·. . ec e . . , , Sl .es.. .···. . COllSlS e . pn · . . . . ·. ,· , 
. > .·· ., .. ·.··•· > .. ·· .··, . ··•·. ,< ; : ' ' ,: t . . .· . . •. ' ·. . i .· : ',.·· ... ··•·.· ·•.•. · .. ·. 

direction, and mil lepost measur~ to . . e oo.t w1 a Ml, gistance mea~uring 
• •, • •::-:,:,_:.,_::::-:"<"'. • '/;::;c'.•'_;J-.•.•,_",/,,-•:.,: !:•i_:\·,,•:i•:•\ ' • • ', ' ,, ' _• 0

• •• .. , 

instrument), pa;v¢ 
0

iiu¥inoys o~,i~~ril:d cement concrete} and number ofJari .··· · 
·. ·. .. . · . . i , ii 1 .... ,, ... .. . . . . .. ·... ·· 

shoulder and medi. . i . .. I rraill'at the site, the .elevation of the g 
· ... ' ·,' : ·-.,_.-:'>•:::-··. . • . .' ._., ,'' . ' '. ' 

.microphonerelativito , 
. ,, . > ·I 

. .,.:_.... . ... _ . ' . ,' _/ ·. . 

.. ·.· I 
Sample Size i 

l 

The ,truck noise levels [ btained f(!)r this sJidy are considered to be representative o 

Jersey truck populationf 11 general. A vera~e noise levels of the truck population are estimated .... · I , 
, I 

i 
I 



from a random sample of limited size. Statistical methods specify the random sample size 

required so that the mean from a sample can be used to estimate the true population mean ·with a 

particular degree of confidence and precision. 

The variability of the 1977 truck noise level .data was one of the parameters used for calculating 

the number of truck noise measurements that would serve as a d~ta collection goal for the current 

update study. ·To estimate the population mean ofmaximum passby levels to a precision of± 1 

decibel ( confidence interval = mean ± 1 · dB). with a 95% degree of confidence, a sample size of 

3 9 was needed. In other words, there is a 95% chance that the true mean level of the population 

falls within the confidence interval calculated from the sample. The sample size calculation was 

based on a population standard deviation estimate of 3.2 dB (1977 data), and the assumption that 

maximum passby truck noise levels 'are normally distributed. 

Accordingly, a goal of data collection was to take 39 or more truck noise level samples for each 

of the truck class-roadway type groups (for example, heavy trucks on controlled access level 

roadways). This sample size was exceeded for all of the heavy truck groups and for all but two 

of the medium truck groups .(controlled access upgrade [32]. & controlled access downgrade 

[29]) .. Under the assumption of a population standard deviation of 3.2 dB, for these sample sizes 

the 95% confidence interval would be less precise -- ±1.1 dB for medium trucks on controlled 

access upgrades and ±1.15 dB :for medium trucks on controlled access downgrades. For the 

1992-94 data, however, the .sample standard deviations were less than 2.9 dB, so it is possible 

that the· assumption of a population standard deviation of J.2 dB was slightly high. 
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·addition, all of the sites. were, "soft" (covered with grass· or similar absorptive material) in 

· accordance with the definition i11 Reference 5. 5 

For sites meeting the physical criteria, the following guidelines were used to make the final site . 

selections. 
. . ·: . . '• . -

(a) Sit~s were selected ~long roads handling traffi~ flows to and fr<;>m the northern, 
southern; eastern, and western portions of tlie state in an effort to obtain a 
geographically representative. sample; 

(b) Site locations Were not selected if it was estimated that less than one accur~te 
· measurement of an .individual ·truck passby .could·~e. made in five minutes. 

Thus, very low and very high traffic volume sites.did not qualify.· · 

(c) For Roadway Types 2;3,5, & 6 (upgrades and downgrades), an effort w~ 
made to_ select grades of varied steepness and length. · 

More sites were selected in th,e northern part of the state because the southern part has relatively 

flat terrain, and the upgrades .and downgrades neede~ for R~adway' Types 2,3,5, & 6 were not 

available 1here/ Figure 4 on P~ge 24 shows the location of th,e truck noise update measurement 

sites. A listing ofihe sites is given in Tables A-1 to A-6 on Pages 74 & 75 of Appendix A. 

Number of Truck Noise Measurements 

Truck noise level measurerilentswere taken in S~p~mber through December of 1992, June 
' . . . . . ' - . ' . . 

through December of 1993, and July through August of 1994. · Over this period,, l,430 individual 

truck noise tneasurements were taken at the 25 sites via 32 site visits. Two hundred thirty four 

5 ·.Kessler, F.M. & Alexander, M., Sound Procedu~s for Measuring Highway Noise.·Report No. FHWA-DP-45:-1, 
Interim Report, May 1978, Federal Highway Administration, R~gion 15. · · · · 
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I 
i 

Site # Route Milep..J.,.- I 

I 
2 
3 
4 
5 
6 
7 
8 

11 
12 
13, 
14 
15 
16 
17 
19 
20 
21 
22 
24 
25 
26 
28 
29 
30 

178 W 4.8 
195N 70.3 

I 

1287N 17.4 
1295 S 16.5 
55 S 21.9 
178W 10.7,. 
180W 9.3 

· 178W 28.'7 
1295N 53.1 
178 E 20.3 
1287N 29.0 
1-295 N 53.6 
1-280 W 
180W 
33W 
202N 
130N 
206N 
206N 
31 N 
22E 
206S 
46W 
JIN 
31 S 

I 5.1 
9.5' 

19.3 
6.6 

74.+ 
19.i 
60.6 
34.3 

I 

23.3 
84A 
22.9 
JLS 
34.3 

.1Ju,p. 

D = Route Number 

Fihhre 4. LOCATIONS OF MEASURE_MENT SITES 

I 
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Table 1. Number of Truck Noise Measurements 

ROADWAY TYPE 1 ROADWAYTYPE4 ROADWAYTYPES 
Controlled Access · · Non-Controlled Access 1&4 

(~ 2% grade) (:c;; 2% grade) · (~ 2% grade) 
Site Site Measure- Site Site Measure- Site Measure-

Number· Visits ments Number Visits ments Visits ments 
1 2 40 17 2 42 
2 3 58 19 1 64 
3 1 26 · 20 2 30 
4 1 46 21 1 40 
5 1 49 

Sub- Sub-
Totals 8 219 Totals 6 176 14 395 

ROADWAYTYPE2 ROADWAYTYPE5 ROADWAY TYJ>ES 
Controlled Access Non-Controlled Access 2&5 

(> 2% upgrade) (> 2% upgrade) (> 2% upgrade) 
Site •site Measure- Site Site Measure- Site Measure-

Number Visits ments Number Visits ments Visits ments 
6 2 47 · 22 1 ··29 
7 1 36 24 1 44 
8 2 59 25 1 42 
11 1 29 

Sub- ... Sub-
Totals 6 171 Totals '3. 115 9 286 

·. 

ROADWAYTYPE3 .ROADWAY TYPE 6 ROADWAY TYPES . . .. . . ~· 
Controlled Access Non-Controlled Access 2&5 
(> 2% downgrade) (> 2% downgrade) (> 2% downgrade) 

Site Site Measure- Site Site Measure- Site Measure-
Number Visits inents Number • Visits ments Visits ments 

· 12 ·1 39 26 1 28 · 
13 1 39 28 1 33 
14 1 26 29 l 27 
15 l 21 ·30 1 31 
16 1 49 

Sub- Sub-
Totals 5 174 Totals 4 119 9 293 

. .,,. 
ROADWAY TYPES 1,2,& 3 ROADWAY TYPES 4,5,& 6 ALLROADWAY · 

Controlled Access Non-Controlled Access TYPES 
Site Measure-.- Site Measure- Site Measure-

·visits ments Visits ments Visits 1nents 
Totals 19 564 13 410 32 974 
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. i 
(234) :bf these measurb ents were imrµediatelyjudged inv~lid in the field when Ve 

· became tO<> do~e or ! jtraneousi noi;b .l present. sJ datl\ reduction was don on I, 196 
·.· .. . I 'I'' . ' ! I. : .. ·· .. 

· ·. measlll'ements. ,Anoth [ · 222 · measur~mehts were found to be invalid during da reduction; 
I ' I I ' I . ' . . .. -; .. ·-·. ', I I I :· ••. : •• 

· · ••-.·.Thus,, 974 .. valid truci noise lrvel ,me~urements were obtained. The numb r · · of valid 
I I I I . 

measurements is broiden down by roadw!y type and site! number in Table. 1, Pag 25. Site ', .. ' .· I l:: ,! I l ' ' I •, I ' ·.· ·.••• . -·,.· ..... 

riumbers corresppndt9 those iri Ref~tenc,J.\ Sites:i,16,l?,21,&25 arethe replac II1ent sites; -
•,- . ' .• ·• •· . . ··. ! . j I . . > ' . ' 'l .. ·· ,. . ' . . :·. -••··. .. -. < ' .• . . . . •· ... • ···.·. . :~ ? O'. 18,23[&2\ Tef' not redo~- ~eas~ments were taken onMo:day thru f.riday; the 

maJonty, betwe~; 10, 
1 

· J:pata c.ollection was done by' a two man field ere 

I 

Table, A-7' Appd11dix w, Page 76~ sho~sthe number of truck noise. µieas~e~ents iti r ·Roadway . • .. ·... I ': : :1 I . . . •.. 1 o: · · • .. ·.·· . · 
T .. }'Pes.·· 1 .. 6br·•·o· k. e~ .. do 1 ..... by. ·the ... -tliirt.·· een axl. 1 e classifications .. i·.defi~e. d. 01).•p. a·g.·e 14 .. ·.Pe.r en· .. ta. ge .. s··.·o. f 

• I I 
the total number! of me urements are !ind(cated if they are• above 5%; . This table in . c·ates that 

. . I . i. - _,,,:.:?"'··•·- :; .. ·-1 ·-- ,. - · • ..• ·.• ·- .· .. -- . ,/ ·.•··. . . > .· .•·· . 
over half (53;1~) of 1 theme~uretjnents,were taken.fof.TruckCl~sification 12 three.axle 

:.o•·. r::vn.k ·:. j:fi:; .... rr ... ~.··.:.itr.~~~.~.·•.• ~Ntru·.d·o·; .. •• .. :. quart.du&d:3:. :. •:~j:~::r.;.:. ~=::. 
I l1i ' I . . . .. . . .. .· .. 

24.9% of all me~urei 'ts_ w~re for mediufu trucks & buses; 75; 1 'Y<,, for heavy trucks. Note that 

· for the contro~edaccels lroadWll~ ty~s; J6'¾ M lhl' !1)~.Jmelllents ~~re for medit··. trucks & 

b .. -.use.s; while···•.so.·.4¾. o; wb •··.·•• .... fi. or .. ,.h. e.a· yytrucks .. ··.·; I. n.· ~ontr. as·. t, ti'or·····n .. · on-c ...... on .... tro~le<l ac.· c.·ess r.oa.; ·.w. ·. ay types/ ' . . . .. 11 .· · .. -._ > I. .•. - ·_ ' ·.·· ' . : ,· _. · .. · . . . . ,•· ... 

32:211/o of the ;measur~ bnts Welje,, fo~ melclium trucks &: buses; \Vhile 67 '.8%, were for· heavy 
·. . I , . _,!' . .. , , , 

trucks. 
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DATA REDUCTION 

Truck noise, speed, and description data, and meteorological data that was collected at the 25 

measurement sites was reduced in the lab or the office. A total of 1,196 truck noise level 

measurements were reduced; 222 were found to be invalid and were not analyzed. Some of the 

reasons data was discarded included: significant difference between start & end calibration 

signals, excessive wind, failure to ~eet the valid measurement criteria ( 6 dB rise & fall about 

maximum level), inadequate description of axle configuration and truck type, and extraneous 

noise detected when monitored with headphones. The final step in data reduction was to merge 

the noise, speed,. and· truck description data into a single. computer file that could be utilized by 

the PC data analysis software; Following are the methods that were .used to reduce the various· 

types of data into a form suitable for data analysis. 

Truck Noise Data ·. 

Two types of truck noise data were .. collected: digital and analog. Digital noise data was 

collected by the Larson-Davis Model 3200 1/3 octave real time analyzer. Analog noise data was 

collected with a Nagra IV .. SJ tape recorder. . · 

Digital Data 

The Larson-Davis analyzer captured the maximum level from a truck passby and simultaneous 

1/3 octave frequency information. :A macro was run to store this data in. tile memory of the 

analyzer after it was decided that vehicle spacing throughout the passby was adequate and that 

extraneous noise was not present. When measurements were completed for the day, the data 

27 



.,. 

-i \ . : . 
. . I , 

stored ii(rtiemoty:~as/ : s{e~ed t~. flo~py_disk via the l;lllal}tzer-'s b'uilt in 1.44 MB ·ve. Back 

• ' I ' '11 

• .. I ' , • 

·: f'or each:measurement .. ~it was stored ini.a s parately -named bie. The. tru~;lc noise daf8: stored on ' .:.j ' -r-:,. ' I • ' • ' • I ' ' ' ' ,,, 
i ··:\,l ' ' I . ' ' ', I ;_ ' ' .'• 

the floppy disk was in b" .. :form,,,an4 such,'hadto be c9nvei:t~dto a,nASCJLforma .heforeiL , .·· .. •·· 

RTA, an.d the···n into aa , ---~30. s.tevelj.Re,ot.der.: S.e.;e,iFjg. ure.i :_. __ ·\~\i,Pa~e-_,_·3,:.forai 
. ' , , , , I · .. ·. , .•. :.:· ... :.· ··: . ,. . ., 

> · reductiQfl eqµipment~. ,RTA'~ • us~d td •!,\~weight the '.·sign,al;and -.for at;teijuation: ·•. 
,·. , .. , :-_;,-:- ',_' .. , ;; .; _·,;,_ \:,,··. · .. ',·' :-,·., .. ·::··- ,, --~- .. ;·-'• :,.:~:, .... ,··,·,' .. -',,.·.···.:,;: ... ··.· 
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recorder was used to produce a paper time history of each truckpassl:>y. This time history trace 

was examined to check that the target truck was sufficiently isolated from other highway traffic. 

A truck pass by measurement was· valid if the trace rose and fell at least 6 dB. about. the maximum 

pass by level {See Reference 1, pages 151 157 for details). Passbys with time history traces 

which did not meet this criteria were discarded. 

For monitoring the truck pass by for extraneous noise, the tape· recording was played into a pair of 

Koss headphones. In the field, the recording was madeunweighted (linear setting) so that when 

it was monitored in theJab, an accurate sounding passby renditicm was available to the listener. 

Before monitoring the truck passbys for a site, the operator reviewed fieldnotes on extraneous 

noise, and annotations made about unusually .. shaped traces · from · the pass by time history 

examination. lfthe listener heard extraneous noises (including wind noise) tfiat he felt interfered 

with the proper measuremento:fthe maximum pass by leveLor judged that a truck was operating 

abnormally, the passby in question was discarded. 

Truck Description Data 

A description·of each truck for which a noise measurement was made· was. announced on Channel 
. ,· . . . \ ;'.. _; . ' .- ,·,. , . 

2·ofthe Nagra tape recorder using.·a microphone in the noise measurement van. ·Upon·listening 
. ' . . ·,. . 

· with headphones to Channel 2 in the lab, _the operator wrote · down the truck description on 

prepared forms using a system of codes and abbreviations for axle type, truck body type, etc. 

These truck descriptions· were manually entered into computer files, one for each measurement 

site. 
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. (d¢pendent •v~ dollo¼ng[Qla~e)l~ vapabieS: (1) m~9Jll Jevei cl) d/s(attte 
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to drop IO dB],. and (3) wind speed perpe11dicular to the highway. Linear, quadratic, and cubic 

forms of these independent variables, in ~arious combinations, were 1.,1sed · to derive an equation . . . . . 

which provided the best fit for the known speed data. Prediction equations had from 4 to 6 · 

independent variable terms. Separate prediction equations were derived for 2, 3, 4, & 5 axle. 

trucks, and for hqth level and upgrade roadway· sections. (No speed data was missing for 

downgrade roadways.) Across all axle types mid roadway types, the mean residual for the · 
·-· . . . ·- . . 

prediction equations was ab~ut 2.5 miles per hour, and the R'.'square · value was approximately 

0.67. 

As mentioned, thismethod. of predicting speeds included a variable referenced to a 10 dB rise 

and-·fall about .the maxunum passby-level; consequently, tru~k p$sbys··for.which speeds were 

predicted, ha,dto meet a stricter standard of vehicle isolation than.the passbys with kno'ffl speeds .. 
' ' . 

( 6 dB rise fall, see Page 18). 'This more stringent isolation requirement for speed prediction 

resulted in the discarding of truck noise measurements that would otherwise have been -suitable 

·for data analysis. 

Merging of Data · 
' ' ' 

Truck ·noise, speed, .and description data were merged into a single computer file for ea_ch site 

using the SAS System for Wiridows ;oftware· pacbge.*. Atthis pOlllt a detailed Hst was drawn 

up of truck pass bys which were to he ·.discarded. These "bad" truck measurements were qeleted 

from each site file using an ed~te>r (KEDIT Version 4.00D1).. Most ofthe reasons that truck 

noise data wa:s discarded .have already been mentioned; but two additional reasons for discardillg 
. . ' . . . 

• SAS Institute Inc., SAS Circle, Box 8000, Cary, North Carolina, 27512 .. 8000. 
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data were incomplete 1r3 octave spectra (low frequency bands missing data) and two truck 
' I 

passbys within the RT I sampling period (a maximum level was captured, but it as for the 

wrong truck). A:gain J!ng SAS, data froi:' the site files was manipulated to create relve files 

encompassing the twj general truck classes and six roadway types. All dat ,I was now 

sufficiently reduced an m the proper form:for data analysis to begin. 

I 

i 
· 1· 
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DATA ANALYSIS 

The truck noise and speed data were analyzed using the SAS statistical analysis personal 

computer -software. Various graphical and numerical methods were used ranging from scatter 

plots to nonparametric rank statistics. Data was analyzed initially on a site by site and specific 

axle classification basis; then for roadway type and general truck class groups. 

Site by Site -

For each of the 25 sites, elementary statistics were calculated for truck speed and the maximum 

A-weighted passby level ,of atruck·(LMax.J- These statistics were calculated for .each of the 

thirteen axle classifications described on Page 14. Data for the sites Within each of the six 

roadway types was compared to· determine if inconsistent results. occurred for any particular site. 

Mean, median, J:llinimum, and maximum statistics were mainly used for this .comparison. -. Energy 

means of the LMaxA~s -were<also, utilized. Jn examining these statistics; we ,concluded ·that all 

noise level and speed differences between.sites could be reasonably explained. 

Truck Class - Roadway Type Groups 

Elementary Statistics 

Elementary statistics were also calculated for the general truck classes -- (1) medium trucks & 

buses and (2) heavy trucks -- for each of the six roadway types. · In addition to basic statistics, 

frequency histograms, stem& leaf plots,.normal probability plots, and schematic plots were done 

for LMaxA and truck speed for each of the truck class - roadway type. combinations. Energy mean 
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determine. if the data from 1977.and 1992-94 came from the same populations. Ifthey didn't, 

· then the estimated population shift, with associated two-sided 95% confidence interval, was 

determined as ih Reference 6. 6 

In order to again compare trucknoise level data on a speed basis, th~ statistical testing was done 

in the following m~er for each truck class - roadway type group: 

(1) 1977 and 1992-94 speeds were compared using the WRST. Ifthey were found to be 

from the same population, then we proceeded directly to Step (6). If they were from 
. . 

different populations~ then Steps 2 thru 5 were followed. 

(2) The population shift for the truck speed data was determined. This population shift 

(e.g.,"2 mph) ·was added to•all of the speeds for one set of data, and the WRST was ·. 

· run again to verify that both sets of speed data were nowfrom the same population. 

(3) The population shift added to the speed data · set was then used . to adjust the 
. . . . . . 

corresponding]:.M~ dataset ·The linear regression equation determined for LMaxA 

versus Log10 of speed provided the amount ofa:djustment._ 

. ( 4) Using the regression equation, the predicted LMaxA for the · true speed was 

._ determined, then the preclictedLMaxA for the adjusted speed was determined. The 

difference between the LMaxA ':S fo~ these two speeds w~ the amount of adjustment 
. . . .·· . . . '.·· ···: ·' . : ,· . 

·. which w~ added to (or subtracted from) the true measured l-MaxA ., Each measured 
. : . ..··.. : . . . . 

truck noise level was adjusted indiviclually .by the above method; Thus the amount 

that an LMaxA wru, adjusted was differentf or each speed bec~use of 9le logarithmic • 

• nature of the regression equation. 

· 6 Hollander, M., and Wolfe, D.A., Nonparametric Statistical Methods. Chapter 4, pages 67-82. 
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RESULTS AND DISCUSSION 

Elementary Statistics 

Table 2 on Page 38 presents the summary statistics for Truck Classes I & 2 for all six of the 

roadway types. For trucks on controlled access highways, this table shows that, though median 
. . . . 

speeds were nearly 'the. same (witllin I mph),. median n~ise levels for Heavy• Trucks were about 
. ·. . . ·. . 

2-4 dBA hig4er thari for MediumTrucks &: Buses; and energy mean noise levels, about 3,.4 dBA . 

higher. For trucks on non-controlled access highways, the table indicat~s that median noise 
. -· . 

levels for H~avy Trucks were about 'J .. 3.5 dBA higher than for; Medium Trucks & Buses;· and 

energy mean .nQjse Jevels-11bout 3-5.5 dBA higher. It should be, noted however, that median 
' , 

speeds for Truck Classes •I- & 2 varied :considerably for non,-controlled access highways.· 

Table 2 al~Q shows that significantly 1I1ore llleasw:enients were taken for Heavy Trucks --

. roughly four times as maqy as for Medium Trucks & ~uses for-"CO~trolled access highways; and 

·twice as many, fornon-controlledaccess high~ys.•, In:addition, :this. tabl_e indicates that based' 

on the Shapiro~ Wilk test for ·nonnality at the ·90% ·confidence -1~vel, --truck noise levels for the 
• ,·. ,. • ' ' ' 'L .. '• ' 

· twelve. Roadway Type-Truck Class groups. are from0 no~al pQpulatiQns just 50% of the time. 

-Comparison of 1977 and 1992.;94 N~J. TruckNoise,Leveis 

Regression Analysis 
. . . . . . . . . 

' ' 

For the 1992-94 truck noise data, lin~ru- regression analysis ofLM~ -versus LoglO of speed (mph) 

- was completed for TruckClass i(Med1um Tnicks .& Buses) and T111ck Class2 {Heavy Trucks) 
•. ·,: < ; '. . . •·• 

for each of the six roadway types. This analysis used an equati<~n of the_ form: 
,;_ ', ,, . . . 
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where LMaxA is . the .. dependent variable (the arithmetic average maximum pass by truck noise 

level) in dBA, Log)O (Speed) is the independent variable in mph, and A & B are constants (i.e., 

the regression coefficients). As vvell as calculating the regression coefficients, the regression 

analysis determined other statistics such as R2 and Root MSE. As with the 1977 data, values of 
. . . 

R2 were low, averaging roughly0.10 to 0.15; Thus on average, speed explained less than a 

quarter of the variation in the LMaxA 's. 

Truck Reference Energy Mean Emissfon Levels (REMEL's) 

Truck REMEL' s were calculated according to the equation shown below: . 

. · . ··-- . 2. 
· REMEL = LMaxA. + O.l 15•(RootMSE) 

This is the same method·used to calculate the REMEL's for the 1977 data;·however, it assumes 

that the LMaxA 's are normally .distributed. The -1992-94 REMEL equations for the two truck 
. ' 

classes and six roadwaytype_s are given in $e table below. For the REMEL equations for 1977, 

see Reference ·.1. 

ROADWAY TYPE 

).". :. 

·. TRUCK CLASS 1 
(Medium Trucks & Bu~es) 

. • TRUCK CLASS 2 
· (Heavy Trucks) 

1 CA,-.Lev~r . : 57:'81 +T2'.79 * Log10'(Speed) . . 61:71. + 12.50*Log10 (Speed)• .. 

2 CA,-Upgrade 68.27 + 8:32 • Log10 (Speed) ·. 

3 CA, Downgrade '23.16+ 31:90 * Log10 (Speed) 30.18+29.97 •Log10 (Speed)·· 

4NCA, Level " 68.65 +5.75 •·Log10 (Speed) 

5 NCA,Upgrade ·· · · 69.16+6.35 * Log10 (Speed) " 64.85 + 10.91 •Log10 (Speed) 

6 NCA, Downgrade 33:77 + 25.76 * Log10 (Speed) 52.73 + 17.58 * Log10 (Speed) 
CA= Controlled Access NCA= Non-controlled Access Noise levels m dBA. Speeds m mtles per hour. 
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. Figures 5-10 on Pages 4 46 comnare the 1992-94 REMEL' s to the 1977 REMEL' s fi r Medium 
I i . I . . . 

I 

Trucks & Buses for ~a Ir· roadwfi, y t~.pe. j Figur. es 11-16 •. on Pages 48-53 compar 199.2-94 
. i I .· . . I ' . . 

REMEL's to the 1977 fEMEL's ~or H~avyjTrucks for each roadway type. Figures B-1 toB-12, 

Appendix B, Pages 78°8 l .;.,mP"'I' the 197; & I 992-94 regression lines for noise emi sion level 
. . . ·. I . ·. ·. ·.. . . . ! ' : • 

(L...,.,J versus speed for r• two ttuck clas'!es and six roadway types. Figures B-1 to B-12 also 

show scalterplots of th~ ...,.. truck data fo~ I 992-94. For all 24 of these figures, the s , eed range 
. . i I I . . . I . . I 

of the plots is the spee4 T ge of tJ\e 1992-t truck data. (Note: Mean truck speeds for the I 992-

94 data_. rougbJy r• as fpr I 9J7daUL) 

REMEL 's - Medium Tr f-ks & Bqses .•,, 

Figures 5 to 10 indicat~ that, across all rmtdway types, the REMEL's for 1992-94 ere lower 
. i I . ' I 

than the REMEL' s forl , 77 fo; ¢ssentiallt all speeds. The table below indicates . mow much 

lower, for a truck s~ ,()f 50 n).iles ~er lo~ .. As you can see, the.1992-94 rulm,.s for 
i -i, 

ere 2.14.0 dBA !lower than the 1977. REMEL' so 

. I 
·j I 

I • I 

Table 4. RE EL Com arisonlfor Medium Trucks & Buses 
. I I ! 

Roadway Type 
19~2-94 REMEL 
. I (dBA) 

lCA, Level I 82.5 .l 79.5 
2 CA, Upgrade 82.7 79.8 · 
3· CA, Downgrade 81.4 i · 77.4 
4NCA,Level 80.5 I 78.4 
5 NCA, Upgrade , I · 79.9 
6 NCA, Downgrade 80.l I 11.5 

CA= Controlled Aqcess 
I 

. . .... · ' .... i . 
CA= Nom-contFolled Access 

l . 
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3.0 
2.9 
4.0 
2.1 
3.1 
2.6 . 



Figure 5: REMEL vs. Truck Speed 
ROAOWAY TYPE 1 (Controlled Access, level) - MEDIUM TRUCKS. & BUSES 
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... Figure 7: . REMEL vs. Truck Speed • 
ROADWAY lYPE 3 (Controlled Access; Downgrade) MEDIUM TRUCKS & BUSES 
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Figure 8: · REM EL. vs. • Truck Speed .· . . 
ROADWAY TYPE 4 (Non -- Controlled A(?Cess,. Level) MEPIUM TRUCKS & .BUSES 
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. . Figure 9: REMEL vs. Truck Speed 
ROADWAY TYPE 5 (Noh - Controlled Access, Upgrade) MEDIUM TRUCKS & BUSES 
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Figure 10: · REM EL vs. Truck Speed 
· ROADWAY JYPE 6 (Non-Controlled Access, Downgrade) -' MEDIUM TRUCKS & BUSES 
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REMEL 's - Heavy Trucks 

Figures 11 to 16 indicate that, across all roadway types, the REMEL's for 1992-94 were lower 

than the REMEL's for 1977 for essentially all speeds. The table below indicates how much 

lower, for a truck speed of 50 miles per hour. As you can see, the 1992-94 REMEL's for Heavy 

Trucks were l.9-5.0 dBA lower than the 1977 REMEL's. 

Table 5. REMEL Comparison for Heayy Trucks @ 50 Mph 

1977REMEL 1992-94 REMEL Difference (1977 minus 1992-94) 
Roadway Type (dBA) ·, (daA) ·. (dBA) 
1 CA,Level 86.7 82.9 3.8 
2 CA, Upgrade .87.4 82.4 5.0 
3 CA, Downgrade · 85.0 81.1 3.9 
4NCA, Level ·84.7 82.0 2.7 
5 NCA, Upgrade 87.3 

' 
83.4 3.9 

6 NCA, Downgrade 84.5 82.6 1.9 

CA= Controlled Access NCA= Non-controlled Access 

Special Analysis Method .;. Distribution-Free Rank Sum Test 
' . ' . 

In addition to comparing ,the REMEL equations for the l 977 and .1992-94 truck noise data, we 

decided· to take . a more rigorous approach and perform a statistical test to compare the actual 

truck noise level (LMax.J data collected for the two periods. Since about 50% of the LMaxA data 

for the truck class - roadway type groups was notnorma.lly distributed (see Table 2, Page 38), a 

non~parametric (distribution-free) test was chosen. Accordingly, the Wilcoxon Rank Sum Test 

(WRST) was utilized to .determine ifthe truck noise level data for 1977 and 1992-94 came from 

the same populations. Truck noise level and corresponding speed data for each truck class -
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_ Figure 11: flEMEL- vs~ Truck Speed 
FlOADWJ\Y 'TYf:>E 1 -(Controlled Access, -Level) -HEAVY TRUCKS 

19n Truck N<>l$8 Data - 1992-94 Truck Noise Data 
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Figure 12: REMEL vs. Truck Speed 
ROADWAY TYPE 2 (Controlled Access, Upgrade) - HEAVY TRUCKS . . . 
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Figure 13: FlEMEL vs. truck Speed: 
... ROADWAY TYPE 3. (Controlled Access, Downgrade) - HEAVY TRUCKS 
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Figure 14: REMEL vs. Truck Speed 
ROADWAY lYPE 4 (Non-Controlled Access, Level) HEAVY TRUCKS 
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Figure 16: ·REMEL vs. Truck Speed 
ROADWAY lYPE 6 (Non-Controlled Access, Downgrade) -"- HEAVY TRUCKS 
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roadwaY type grohp w1 · compar<jd U$ihg le special analysJs method desctibt1don Pa es 34-36. 
' ' • I 

.·· . . . , .. · .. : I ·. . ,· ·. .·•· . ..· ·. .• .1 .··• .· .. · ... ·.. . · · 
Jf the WRST indicated at the ]977 bd 1992~94 truck noise leve}data were fro 

populations, th~ the L Lated populltio shift, with ~•pci~ed two sided 95% onfidence 
. ·.. . l '. . ·,. d .·. : . ·I . R · ~· . .· i . 6 Th 1 fr .. , thi . . 1 . 
mterva was :~temunel rm.· e f!enc:~ . . e resu ts o~ s statistica testmg e given m 

•Tables6& 7, on this~ lliefollowingipagJ, .. 
• .. · · i .\ ·•·· · .. ··. : · I 

,· ,.. ' ' ' , ' J. , , . . ·,'' ''. ·; . : ·, '·: . . ,'. 
Medium 'J'nu:ks&. B~ I ·· · · 

. Al, shown in Ta~le / 1 roadway types, Thi 1992-94 truck noi~ level data . from.a 

. . ·.. . , .. ···• .. .. , . i I .. . · ·.. . . . , · . ···• .· .. · .· .. ·. . .. ·. . . 
d~erent-pop~o~ . 0 197ttrucknoredata F:rM~diuntTruck$ S. BOSO$, :r 1~92-94 

~k ~•se levels we wer. ·\ban th~ 19e truck n01se)evels by from Ls to 3;2 rA on 

average, l992-9411I1e . ck"' .b~ no~seJevels were .2.3 dBA lower than the 1977 levels 
. . •· ! . . • • . . r . - . . . , ·. ····•· . . ; . , ... ·• . I 

across all roadway'•... I For ~qntrollecl recess r~adways,. 1992-94 levels aver1;1ge 2.9 dBrc\ ' 

lCA Level 
2CA,Upgrade · 

4NCA,Level 
5NCA, lJp~rade , 
'6 NCA,Downgrad,e. 

ni · and Buses ·- 1977 vs. . · -
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Heavy. Trucks 

As shown in Table 7, for all madway types, the 1992-:94 'truck nois_e level data came from a 
' ' > -' 

different population thanthe 1977 trucknoise data. For Heavy Trucks, .the 1992-94 truck noise 

levels were lower than the 1977 truck noiselevels by from 2.1 t94.8 dBA. On average; 1992-94 

heavy truck noise: levels were 3 ;5 dB A lower than ,tp.e 1977 levels across all roadway types. For 

controlled access -roadways, 1992.;;94 levels averaged 4.1 dBA lower than 1977 levels; for non:.. 

controlled access roadways,2.8 dBA lower. 

Roadway Type 
1 CA, Level 
2 CA,Upgrade 
3 CA, Downgrade 
4NCA,Level 
5 NCA, Upgrade 
6 NCA,Downgrade 

Table 7. Heavy Trucks-1977 vs. 1992-94 Data 
Results of Non-parametric Statistical Analysis 

Number of Measurements - Different Population Shift (dBA). 
1977 . 1992-94 Populations 95% Confidence Interval 
590 . ·171 YES 3.4< 3.7.!>4.l 
704 . : ·137 ·. . YES 4.3!> 4.8 !>5;2 
618 .. J39 YES 3.2!> 3.8 !>4.3 

'312 · · .. ,---, 125· " ··YES 1.9!> 2.5 !>3.J 
.307 73 ·YES 3.l!> 3.8 !>4 .. 5 
380 80 .:. -.-YES 1.3 !> .2.1 !>2.9 

CA= Controlled Access NCA= Non-.~ontrolled, Access 

In Summary 

From statistical testing of the ·actulil.data using the-~pecial method which normalized truck 
, . 

speeds, truck noise levels measured in l992-94were 10\Ver than ,tl1.ose measured in 1977 for both 

Heavy Trucks and Medium Trucks •~ Buses. Averaged for .all roadway types, Heavy Truck ' ,,-, . . . ' . ·. . . ,, 

noise levels were 3.5 dBA lower than i11 1977; Medium Truck & Bus noise levels, 2.3 dBA 

lower. 

55 



! 
. I 

i 
I, I 

' .' i ' 

· .• • th., findings of the MEL c~mpahsJ thpugh somOWhal less accura\e beca se of the 

..••. ~s~ption of~orma)l~ r~buWp ~k+ ise .J~ co~~ora~d tbe finilings of th s¥stical 

t~sting. The :REMELI ompariso,il indicatbd that 1992~94! truck noise' levels . .for b th -Heavy 

Trucks and Medium T: L & Buses ,tore lo-than in 1~77 fdr ess~tial]Y all Ai s.o 

~ph, av~ed f9r1 rway~ 1rz:~ JUl~'~ ~}-? dBA
0
!0~ ban 1977. 

REMEL's for Heavy T1 ·ts, and l.O dEA l~wer for Mednnn Trucks & Buses. · ·, · 
I , 
! , l 
I I ' ' 

For both Heavy True ; d Medium Tru1ks_ & Buses; between the years 1977 and 1992-94; 
. I 

noi~e levels for tiucks , veling on controtled acce~s highways fell about a decibel more than 

they did for trucks tra rg on non-coritr~~led access highways. This result was also supported 
I ' I ' 

· I . j ·. ..: . .. 
by the REMEL compaf[i I n. . I 

. ., I i 
I .r ' ,., ' ' ..... i ·'•·'"' ,,., .: .. · . ..:-.. ··: ' 

!ru~.~-~oise le~els ma~ . ve def~~~?::?~v1 ~e ~P.~~oximat~ly :1_s yea.rsbetween the I p sets of 
.. _ · . :_ .. · , . · . ,: ,_ I ·. . .·· :::"· : .. .. -. -· .. · -· -·: 

.measurements· for so111~ mfthe follo~g reasons:·· t) itnpr~ved. exhaust ·no,is~ mufflin ~ystems~ 

2)~eter ;bettershl1J· u enginesJf tif radiatC001Ul8/~• .. ";3). ili~ 
designs. The nois~. reg · ations for newly manufactured ·trucks thaLwent ·into. effect -· January 

· 1~88 DlllY have L~e of 111= trk quieting m:~;ements. • A~ly, it is surprising 
· · .··• · l · - •- - · •· ... · 1 · ,· -· •· · ,•'. ·. · . .· · • · · .· 

th~~ gr~aterr~ductions i . _tnl~k: nois~ wer~! not. ~e o"~!,, this f 5: Yf81" period; possi ly ;-~~St.J>( .· 
. ·. I . : ·· ...... ·· .· ·._ . i > · .. · .·, • ·. . .. .· .. :: 

-perfonmmc~ ccm~idetati. , _s havC? ~l?~~p tlle ~evelopment of quieter ~cks. · · 

.•. F I... . ·• i · ... ·.·•.· ... ·. 
· The r~ason that betwe~. _ 1977 and-1992:..14, a·gre11ter decrease, in-iloise· was found for trucks_ 
-,: ; . ' . '' I ,, ' · .. ' ' I, . ' ' ':, ' ' ' '' .. ' ' 

operating on .. contr6Ueh · ~ess high~ys, triighf l>e that n~w .trucks· are being intro ced more · . . . I . ·- .·.. . f - . - . -. . ·, . . · . 
. l11Pidly into \bis fieet q . ~in tbe fleetof1r1c11s that tra\'~Hm ~on~~lled !lCcess . 

' ' I ' . l 
·,, ., . I 

• . Over, the twenty ye~ per~ 
(Reference 2, p.71); . .. 1 . . . r· . 

I. 

l 

j 
·: . l . . , -.. ·_ .. ..- .· - ..... , 

l 975~ 1995, FHW A f~und similar drop$ in REMELs for medium and he vy trucks 
J. ' ' '. ' ' . 

I·. 
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Comparison of New Jer~~y's ·1992-94.REMEL's and FHWA_TNM REMEL's 

This section compares the_ 1992-94 REMEL ;s measured' irt Ne; Jerse; to the REMEL ''sjn the ' 
. . . . . .. ';_~ . .· ,_ .' •'.. . . : ·,. .' ·. ',' . . . 

' ... . . ·_ ' •, _·_ ··•- ,• . '_·. ,,' :: .-· . ' ' ,., ' .. ••· . . ' -.... . .·' •, .. 
. new FHWA Traffic Noise Modet (TNM) which wete measured in 1994-95~ .. For medium trm;ks, • 

. . . ·. ,. ··. . ·''· . . . . . ,. -· . 

NJ REMEL '_s for Roadway Types l & 4. (level, co11trolled & ncm-controlled access) are 
- . . - ,. . 

.compared to TNM's REMEI/s.forlevel roadw~ys (Figure 57, Reference 2, p. 375) for baseline 

conditions (average pavement, level~ ~dicdn,startt flow condition~), and NJ REMEL's for' 
. _- ' ·.,. -.· .. ' . . . . . . 

Roadway Types 2 & 5 (upgrade, controlle~ non .. controlled acc~ss) are comp~ed toTNM's 
. . ,•. . ' . ·• . . .•: ' . 

- . _ REMEL's ror·up~e roadways (Fi~te __ 57,_ ~efer~nce"2)?··.·.pqlthis compari~on, REMEL:'s for'• 

NJ Truck Glass J (MediUJD Trucks;& a.~ses) \Yer~:recalculated With buses removed. FC>r heayy .·· · · 

.. trucks, NJ REMEL's for Roa:d~ay :Typeil & •4 (level~ c()ntrolied & non-contrtilled _ acce.ss) ¥~ 
. . . . . ,•· .. •,. . . . . , . ' 

. · compared to ·:TNM; s'REMEL's f'orl~~el:'l'.oagways .{Figu're 5Q):,for baseline conditions, .and NJ-· 

·. REMEL's for :Roa~~Y :T:ypes)2 cYi ·.:s (upgrades~ conir<>lled & . non~colitrolled acce~s) :'~ 

- compared to TNM's RE¥£L/;s for 11:pg#de roa(lwa.Ys (Fig1,1te 7~ . . ;:_' . . 

. . . ·•. 

-Level Roadways. __ •·· -

Medium Trucks 

Figure 1 t Page 58,0.provides a 6omparison.ofNl and]'NM RE:MEL's to~ spe;;eds of35~6s mph.··. 

An ex8lllinati_ori of th~ regressi~n }nies in this ofigur~· indic~te that O)TNM .~MpL'_s have a 

much greater dependence on speed thim · do the NJ REM~L's, (2)below 49.:mph, NJ REMEL's 

are ·higher, and (3} above:56: II1pli;· REMEI,',s ke highe~. .Eighty percent of the m~dhun 

.• For NJ REMEL;s, it wa~llSsumed thaftruck noise lev~ls weie normally distributed: : Fo~ TNM REMEL's,. this.' 
_ assumption wa5. not mild(). A~o, NJ;@t:k noJse i~vels wer~ ~eas~e~ )Vitli I11icr<1pho11e ~eight of 4. feet above -. . . 
• ·. ,the ground; 1'NM trucknoiseJ~vel~,-with a mici:ophone heightof5.feetabove ,the road surface. • . · - •· .• ···.- . 
t :For medium trucks, assumes•~l\1EL 's_fof up~r-de-roadwa,ys are the same as REMEL ;sfor 1evel roadways. 
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Figure· 11: NJ REMELS VS. FHWATNM REMELS MEDIUM TRUCKS, LEVEL 
95--.-------C..-----.-------.-----,..----,-.--.,--~---,,,-----,---'------.------, 

-----· 1994-95 FHWA TNM REMEL 
' . . 

-- 1992-94 NJ REMEL . - Controlled Access (CA) 
.............. 1992-94 NJ REMEL - Non - Controlled Access (NCA) 

] 
5 95-1--------+-'---'-----+------1-----+---------------------;-------1 . - ·m --- ---- ---- ---- ----- --- --- -
U) ·e 
w 

c.n C: OJ tU 
Q) 

:iE 
>, 

80 e> 
Q) 
C: w 
Q) 
CJ 
C: 
Q) ... 

.~ 

Q) 
a: 

75 

FHWA(TNMl, -------------
.... ----- NJ(CA) ---- -· ······ ·························-·· · ... ::·::"::'.'.-:' ........ .,......... ..................... · . NJ(NCA) 

···················•JJ--•••••••••••••••••••c•••••• . ----
••••••••·••••••••••·••••••••• --------- : ----

' -----------

----

104--.--:---.-----.--.---+-....;..,--.--.-....,...-,--+--.---r--.---r--il--,r-.--..--..-+-,--,----.----.--+----r,---r----r----r---+--r--r---r--r--t----r---r-...--,---j 

30 35 40 45 50 55 60 65 70 

Truck Speed (MPH) 



truck speeds fell within the range 43,:;5g mph for the NJ data. Over this range, NJ REMEL's 

were within± 2 dB of the TNM REMEL's. Data for the more common speeds of 50 and 55 

mph -- speeds that are more likely to be used for noise prediction -- are shown in the table below. 

Table 8. Comparison of NJ & TNM REMEL's for Medium Trucks, Level Roadways (dBA) . . 

Speed(Mph) FHWA(TNM) NJ(CA) NJ(NCA) 
50 78.6 79.5 (+0.9) 78.4 (-0.2) 
55 79.9 80.l (+02) 78.7 (-1.2) 

Plus sign mdicates NJ REMEL's are higher than TNM REMEL's. 

Table 8 shows the differences between the NJ and TNM REMEL 's in parentheses. As you can 

see, these differences are on the order of 1 dBA or less. With regard to noise predictions -done 

using 50 mph for medium trucks on non-c011trolled access highways and _ 55 mph for medium 

trucks on controlled access highways, we find that there is essentially no difference (+0.2 & -0.2 

dBA) between the NJ and .TNM medium truck REMEL' s for these speeds'. 

Heavy Trucks 

Figure 18 on Page 60 compares NJ and TNM REMEL's for speeds of35-70 mph. This figure 

indicates that (1) TNM REMEL' s have .a much greater dependence on speed than do the 1992-94 

NJ REMEL's, (2) below 47 mph, NJREMEL's are higher, and (3) above 52 mph, TNM 

REMEL's are higher. For the NJ data 80% of the speeds were in the range 41-57 mph. Over 

this range, NJ REMEL's were within ± 2.3 dB of the TNM REMEL's. Data for the more 

common speeds of 50 and 55 mph -- speeds that are more likely to be used for noise prediction --

are shown in Table 9 on Page 61. 
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Figure t~: NJ REME(S VS. FHWA .TNM··HEMELS HEAVY TRUCKS, LeV~L 
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Table 9. Comparison of NJ & TNM REMEL's for Heavy Trucks, Level Roadways {dBA) 

Speed (Mph) FHWA(TNM) NJ(CA) NJ(NCA) 
50 82.7 82.9 (+0.2) 82.0 (-0.7) 
55 84;0 83.5 (-0.5) 82.1 (-1.9) 

Negative sign mdicates NJ REMEL's are lower than 1NM REMEL's. 

Table 9 shows the differences between the NJ and TNM REMEL' s in parentheses. Notice that 

these differences are generally less than 1 dBA. With regard to noise predictions done using 50 

mph for heavy trucks on non-controlled access highways and 55 mph for heavy trucks on 

controlled access highways, we find that there is.a difference of approximately 1/2 dB (-0.5 & 

-0.7) between the Nland TNM heavy truck REMEL's for these speeds. 

Upgrade Roadways 

Medium Trucks 

Figure 19 on Page 62 compares NJ and TNM REMEL's for speeds ofJ5-65 mph. 1NM 

assumes that there is no grade adjustment for medium trucks: so the TNM level roadway 

REMEL's for medium trucks are used for this .qoµiparison.· Figure 19 indicates that TNM 

REMEL's have a greater speed dependence than NJ REMEL's, and that NJ REMEL's are higher 

than TNM REMEL's for the majority of speeds (all speeds below 56 mph). For the NJ data, 80 

%·of the speeds were in the range4L5 to 56.5 mph. Over this range, NJ REMEL's were higher 

by an amount which decreased with increasing speed; i.e., 3.3 dBA higher at 41.5 mph, 

essentially equal at 56.5 mph. Data for the more common speeds of 45 and 50 mph -- speeds that 

are more likely to be used for noise predictions on llpgrade roadways --are shown in Table 10 on 

Page 63. 
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_Table 10. Comparison of NJ & TNM REMEL'sfor Medium Trucks, Upgrade Roadways(dBA) 
.,-, 

. Speed (Mph) FHWA{TNM} NJ(CJ\) . NJ(NCA) . 
45 77.3 79.2 (+1.9) 79.7 (+2.4) 
50 78.7 79.8 (+t-1) 80.0 (+1.3) 

. . .. Plus st~ md1cates NJ REMEL's are higher than TNM REMEL's . 

The differences between NJ and TNM REMEL's are shownin parentheses. Table IO.indicates 
. . • . . ' ·'. ·i . 

' ' . 
that NJ REMEL's are about I.Oto 25'dBA higher.· With regard to noise predictions done using 

45 mph for medium trubks on non-controlle,d access highways and 50 mph for·medium trucks on 
. :~: . . . . ' . 

. . ' . .• .. : ,: ., ·.,. 
controlled access highways, we fmd that the NJ mepium truck REMEUs .are 1. 1 and 2;4 dBA 

higher than the TNM inedh,un truckREMEL 's for upgrad~ :~oad\Yays,at these speeds. · 

Heavy 1'rucks 

Figure 20 oil Page 64 qompares NJ and 1NM RE~L's for speeds of 30-65 mph. This figure 

. ~dicat~s that (1) TNM REMEJ.,'s have,aslightly greater:dependence on speed than do the 1992- . 

94 NJ REMEL 's, (2) for control ;access highways, NJ REMEL's are lower than the TNM .. . . . ,, .'. ' ' . . . . . . . 

REMEL's for~l speeds;ahd (3}fornon-controll~d-JCCess highways, NJ REMEL's.ate virtually 

·the. same as TNM REMEL 's ·below 40 mph; and lower than TNM REMEL'.s, above 40 mph . 
. · . . . . ,! . 

.. --'· _.,_-J.: 

For the NJ data 80% of.the speeds w~reJn the ~ge 37-55 mph. Over this range, NJ REMEL's 
' . ·., .. ·,.. ' . .. ... 

~ere within +0.2 to ~2.4 dB ofthe WM REMEL's, Data for the more common speeds of 45 

and 50 mph-- speeds that are ni6re likely to be used for.noise prediction on upgrade roadways --

are shown in Table 11 oh Page 65. . . . . . 
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. · FigUnf,20: -NJ REME~S VS. FHW~ tNM REMELS. HEAVY TRUCKS, UPG~OES 
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Table 11. Comparison of NJ & TNM REMEL's for Heavy Trucks, Upgrade Roadways (dBA) 

Speed (Mph) FHWA(TNM) NJ(CA) NJ(NCA) 
45 83.2 82.0 (-1.2) 82.9 (-0.3) 
50 84.1 82.4 (-l.7) ·. 83.4 (-0.7) 

Negative sign md1cates NJ REMEL's are lower than TNM REMEL's. 

Table 11 shows the differences between the NJ and TNM REMEL 's in parentheses. Notice that 

these differences are on the order of 1.5 dBA or less. With regard to noise predictions done 

using 45 mph for heavy trucks on non-controlled access highways and 50 mph for heavy trucks 

on controlled access highways, we find, at these speeds there is essentially nodifference (-0.3 

dBA) between NJ and TNM heavy 'truck upgrade REMEL's for non-controlled access highways; 

however, there is a meaningful difference (-1.7 dBA) between the NJ and TNM heavy truck 

upgrade REMEL' s for controlled access highways. 

Summary. 

Level Roadways 

TNM REMEL's have agreater speed dependence than the NJ REMEL's (See Figures 17 & 18, 

Pages 58 & 60). The difference between NJ & TNM REMEL's is less than ±2.0 dBA for 

medium trucks and less than ±2.3 dB}). for heavy trucks over the central speed range 

encompassing 80% of·the data. For speeds likely to be used. for .noise predictions, there is 

essentially no differ~nce (< 3/4 dB) between the NJ .and TNM truck REMEL's for level 

roadways (see Table 12 on the next page)~ 
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I 
Table 12~ Differences 1t J and TNM RE EL's for S eeds Used for Noise Predic ons dBA .. 

. -·· _ Cop.trolle,d Acc_ess ,Non~Controlled Access 
50ciph I • .. -· 55mph .. 

: ,! j ;· 

-,- . -0.2 
-0.5 -0.7 

+2A_ 
· Heavy, Up 1 

1 
es • .. _ -1;7 -

I • J 

Notes: P' 1 ~n~ic~te~NJ!f:MEL's are high(lr th.an TN~ ~MEL's. 
Negative~ 1nd1~!tes.tha~ NJ P:MEL's are lower than·™¥ REMEL's. 

i 

· Upgra'4eRoadwa;vs 
i ·~ 

• ', . .i ., . .! · .' ; · . · I • •·•.• • • 

. TNM REMEL's:have r reaterspeed ?ep,nd~nce.~the:NJ REMEL's, b~tthe di_erence fu . 

. · .. ~i•~r t '~m~t ~ks{~ fi~J9 & 20, Pages 62 +4). The .. · 

difference betweep NJ I · .• ·•MEVs_-~d-·ri.RE. ¥£L. 's is .~_}_o _ +3.~dBA .. for me __ ·diUinf··· _ c.ks an.~. · __ --. · 
+0:2 to ~2A_dBAfor rxY. trucks: over th9 ·centraI·-speedrange_encompassing8<>~- f the da~--. · 

: ·;~·· _.- .· . . . I , . . , , .. - . :·., . , · .. · . -·· . 
:For spe~ds · likely. to .used ·for noise. p~dictions; . there; are some mellningful ifferences 

... · ...•. ·.. J · .. ··. : . . . .· _•.·.,. . ·. 
between.'the NJ ~d _ -RE~L'sforrJ>grade-'roaci"~vays ;_~ .. 1:1_c1BA~C>theavy trucks on . , I> · ... , ·_··. __ . I :· ._·_ .. • .. '., ··_. ·. . · .. _. ·_. _·. 

· controlled access up s',and+2;4 ~Alor n:iedi~ trucl(s on' non;.cpntrolled acces upgraqes 

(see Table 12 above). "I ·. . · I . 
. . ·.. -1 I -

. ·. . . I ... " -I , . . . . . : '• •' ·._ . ·,· ·. . 

_ However,.~· 1~·1 
1 

for·~ ioadways by two of REMEI • 's <Jo riot . 

. exhibit these sam~ me 1 · ., ._ gful differen¢es.1- This occurs because the differences betwjenNJ and 

. 1NM ~:. fend 1 J_ ~-in.the ~:te ; Jctionfoime.dium 11!111 h.eavy true~( ... _ Table IZ), 
. . .. , '• . ·, I I. .. . . · I ·: : . ,. , • ... : .. , ·... ·. . . .· .·. 
and because of the dd lmmce of hea~ truck noise and the large inunber of cars n a traffic . . , I ! . . I . .. ·. . ., . . . · .. 

. . stream: To mustiaW 1 ·t noise levels werf 1)redicted for a coirtrolled access upgrade and a non-



controlled access upgrade using both the NJ and TNM REMEL's.* For a controlled access 

upgrade with high truck volumes (5% medium trucks, 25% heavy trucks, 70% cars), and truck 

speeds of 50 mph and car speeds of 55 mph, the NJ REMEL's predicted noise levels 1.2 dBA 

lower than the-TNM REMEL's. ·Fora non-controlled·access upgrade with high truck volumes 

(10% medium trucks, 20% heavy trucks, 70% cars), and truck speeds of 45 mph and car speeds 

of 55 mph, the NJ REMEL's predicted noise levels 0.1 dBA higher than the TNM REMEL's. In 

practical terms, noise levels predicted for upgrade roadways using either the NJ or TNM truck 

REMEL' s will not.be significantly different, 

• No barrier case. 
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IMPLEMENTATION 

The implementable products of this study are new vehicle noise·emission levels (REMEL's) for 

medium and heavy trucks tra~eling on various types of New Jersey highways. These truck noise 

emission levels are the main noise source input of the FHW A computer program used by NJDOT 

to predict expected noise levels adjacent to a highway and design noise barriers. The new truck 

REMEL's were measured in 1992-94, and when implemented, they will replace truck REMEL's 

measured more than 15 years earlier. Accordingly, a significant improvement in the accuracy of 

predicted highway noise levels will be achieved. 

Since the use of these new truck noise emission levels would be a modification of existing 

FHW A approved noise prediction methods as outlined in Reference 4, the updated NJ REMEL' s 

are subject to approval by FHWA; Once this <approval is obtained, they can be utilized in the 

FHWA highway traffic noise prediction computer program. The fastest way to implement the 

new REMEL 'sis to utilize the.user,;defined vehicle input.ofthe program .. That 1s, .for the type of 

roadway, under consideration, new medium and heavy trucks would be defined having the 

updated NJ REMEL' s, and the "standard ·medium and heavy trucks .in the program, with their 

outdated emission levels, would not be used. 

This report, which describes how truck noise was measured and analyzed for this study and 

presents the information requir~d for implementation, will be given to the NJDOT study sponsor, 

the Bureau. of Environmental Analysis (BEA), which is responsible for noise predictions and 

noise barrier designs. As required, meetings will be held between Research Unit personnel and 

BEA staff to review and clarify the findings of this study, thus aiding in their implementation. 
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·· Benefits l I 
i · . ! · r ·.·· . . ·. . . ·.·· . : · i · . ·. · 

. As already rnentioned~ se of the updatetl NJ truck noise em.issioi:f levels will · 
. . . . ·. .. . i I . . ! I . . . . ·.· . . .... 

accl!riicy Qf QDYfuturei l,;.q,redictio; ,~. ~t NIDof H~wever'. since the new ck noi~ · 
. . . ·. ·.. . I I '•. . . . ,' I . ..·.· ·.... . ' , . . . 

.levels significantly} r, th~ is ti\• rapowing adi\itio~. benefit 

· .·. The lower ttuck ~o;.. l~ ·•.•.IS :n,in:9st t~ res~t in lo~ predic(ed commUfilo/ . 
: . ., . ! . \ .... '.. .. . , •.; 

· · ·. adjacent to proposed ways, and conse!1 uently, fewer less severe noise imp is will be. 

identified. This ;will· ·, •rm \ead NJDOT to design and construct f~we!r and/or sm ler. noise 

·barriers.to mitigate the ~e~ted noise ~Pfts, ~d there will_be a corresponding sav· gs:u:i both· 

the time and money. 1f ~ma do~1:ar a$~Jit on this saving~ i~ diffic,ult, but an estim t~ is .given 

below. 
: t ' :· . , ; : ! > ' '· . .. ' ·.· . :. > .. · • .. • . . ·.· 

I I 1·· . I 
I . : r .. ,.,.,_ . . 

. . . t i . ·.. . . .. ··• i . . . .• · ...•.. 
Since ·an average .. nois lbarrier·:costs i-N.Jij)9Troughly·$2.5 million. per mile to nstruct, .a .· 

. . . I . l 
reduction in t,m/ j1engthQf ~YI~ feetyields a cost savings of appl'Oximate $47,~50. 
· · ' . : · . · t I :: . . ., \ • : :, ri :, • ·•·. : ... : • . • . ·... . . · ·. . 

.On a p~ogram level, f ::~~~sp~~:lpn ,v~e:,aboU~/$15.,~lbon :a Y,~ :to cons ct noise . 

bmrim. It is ! tusii,gthe ~UOiseJeveis devel~for stud for noise · 

predicti~n. an4·•.bmier t r1: .• :w·o·ul. d red ... 1. 00. ise bmrier. ·. ~on hy)0.15%,w "ch for an 
average year representf .I.cost s~vings o,fS1r~s.;2.3·iilillion. ; . '.. .. ·, .•... · , · .· · · .. · · · · .. · 

.. ,: f - I - : 
. r . . ·. I 
I . I I . I 
I I i 

I 
I. 

. 
I I .. 

i 
i ., 

. J . 
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APPENDIX A 

Data Collection, Measurement Sites,.Eguipment 

This appendix contains the followinginformation: 
' ' 

(1) .a typical measurement site.setup, · 
·. ·. ' 

(2) a Ust of data collection and data reduction equipment (includingsoftware), 

(3) ~hies listing the 25nieasurement sites brok~n-down by roadwaytype, and 
. .. . . . . ' - . 

( 4) a table listing the ~umber of truck noise measurements by.axle classification. . 
. .: '. .,: . . . ,· ' ', ' 

The site nUD1bers in Tables AJI through A-6 are the site numbers from the 1977 NJ truck noise 
· study (see Refen;nce l). · ·.· · · · · · · 

The truck axle classifications in ;able A-7 are illustrated in Figure 1, '.Page ·14 ~d the. code is as 
. follows: · ·. · · · · ··· · · · · · · 

[2,6] Two ~e, dual tire rear wheels~ single unit]?ody· 

[2T] : Tractor without semitrmler; two ~e, dual tire rear wheels 

.[3T] • · Three axle :tractor ~thoufsemitrailer 

. [2B] Two axle bus~ duaJ:fue rear w:heels 

.[3] 

[4] 

Three axle, sin:gle:unit body , 

. Four axle, single unifbody. 
. " . . . ' . 

[2-1] >' Two .axle ·tractor, one se,mitrailer 
,. , 

,[2.:.2] Two axle tractor, two axle semitrailer 

[2-3] .Two axle tr~ctor, tliree-axle semitrailer . 
- . . . 

. . . _\ . 

. [3-1] Three axle tractqf, one axle semitrailer 

[3-2] Three axle tractot;two mde semitrailer 

[3-3] Three axle tractor, three axle semitrailer 
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. Figure A.;t. TYPICAL MEASUREMENT SITE SETUP 

. . . . . ·.. . .. 
. . 

----·---------- __ · --:-· · __ ·:_ .·- -------- ·- --- . ,-- -----'---'------'--'--- ____ ·_Measurement~,·---------------.----------· 

. .. •. . . . . -·:_ . .· ... . : .. . . ' . _· . . '•. 

_· - .· ... -.-·· .·· . - ... · - ·. k:2-SW "---........ · .,...· ··-1· o··o·_-,_.~.-.• · .. 2 .• -50·. ,_ .··.-·.·•.•_-.-.. ·--.. ·-...... ! ... :-,• .. -·-- ···•·-··.·._. ____ · ·-·_·. · .. ·-c··~ .. e·n.te._r;.o··r ... -.·_·.·_~·._.--·_•···· __ ·-__ ·.· __________ - ._:___-.-_ ·-· -----~-\,eiiide- ------~--~--,--~- -~,~--~:~~~---!------ ·.~I .. _.·· -mo,_~ -- -- 7 - - -- - - ---. • ._ ____________ ............ -..-,.----i..--------------------
· .Path ·~ 6 ts 

. -

traffic Cone J 
Microphone & Windscreen 

.... -½, ... •·······~::::::1 · I I 
·· ... ...- Instrument Van 

; ,· 

· .· Weather Station . 

NearLane . 



·. · - Figure A-2~ · DATA COLLECTION AND REDUCTION EQUIPMENT - ·. - . '. - ·- .· ··. ·.. . .·· . ... . .... -. .... . '·., . ,' 

Data Crillection .. _·_ 

I). ·. Larsdn-ba~_s ·Lab~ratories Model .}2001/3 _ Octave R6aj-Time-Ahalyzer ~/floppy disk clriye 
2) • Larson-Davis Model ;2559 ·. l/2 inch condenser-inicrophone·s (precisicm random inddence .• 

response) withB&KWi.nclsci-eeps · . . ·_ < ... ·• . .. . . -- . 
3) NagraJV,.SJReelto R~el Tape:R~co~der'(Two Cluuiliel +~Gue Channel) : · ... 

. 4) · L~on~D~vis·Moqel ~901rPrecisiori fylicr~pho,n~PreainplJtiers --•· 
5) Larson'."Davis 200' I\1i~rophone (:ables ModeIEc.:200 __ . ., . . .. 
6) . Acme Lite Heviwate 1'.ripod,s · . · _ .. _- -.· _ · · 
·1) _ B&K4220124,dB Pisfonphonetilibrafor 
8) B&K uz .. 0001 Barometer -· ·. . . "- .. 
8) Davis ]nstrum~tits WeatherJ\1onitQhI cf em.pera~;:~elatlve HUillidity, .win.cl Speed. & .. 

Dh:ectlon, -Barometric .Pressure)· <" . · 
9) ·Koss PROi4XiPlus'Headphones , · -·. _·_ . . .. 
.. . . . . . : • ·, .•. ·.. :· ,. ,.:,-~,--, '. .'. :"" ~:, ;_._:. -.--.. :, .. ,.;,_..,;':',·~: • .' .. -~---· ·, ~'-·:··· ::,·-· ... ··1t;,:,.,;,.~., .. .;: , ... ,. 
10). Nagra Cue M1cropho~e (used forvo)ce d~senpµonsJ ; ·_·_ .. -

{!~ !!.l~=!~~u,,t~~etJt>.• .. 
Data Reduction.(incl11ding :sofuvaiet .·:,,.i2: : .... _ ,~ ; .. ·. 

· · . : ........ >·· ... _:_. ·-:~::·~··::·:· .. · , __ :-~ ---: .. _,.: .. _ ... .. ;·_\_:· i~----~.:. ·.>:· ._i~•~•~r-:-::·-_., .. ;;_.rf:-~-.: ,. ·:>.:· 
:iJ./t::··-~ 

. ·_ Hardw~{,_,;;·:,- . :;:\t-::1i/fii< .. ,;.y. __ .;,,,;.;:;·' <-,_-. 

l}·: ·:barson;tiavis·Model :3200 cl-l3·0cta~e-R.e~-Time :Analy~ w/floppy·disk drive 
2) NagraTV--SJReeLt<>Jle~I.;Tape'R:~c9rti~tffvvo~Cbainiel'+ Cue Channel) ·._ · 
3) :B'!'K-·1Vlodel'2305GraphicL~yel,~corderi, .. ,< .. -. :.>.::•_'i .. ,:~ • • - -. -_-. 
4) Misco Speaker . . , .. > . , . . . . .· ,,' . . ·; ... ,;, . . ,,,:1:: ,·'•.•:· .: .-.rf.;:·-. .,-:·-·· .. :·.r'.·•:,..\;f-( ... 

·. 5) ,KossPR0/4XPlµsHeadpbones::,:,>, .. -
- - ,. . ....... ·:y '. :.-: .. ::-:i:\~;,_;·,_··:-·:~'.~':~~ .. ~-} µ:: 

· :Software •. < .. · -· -.,)<· .... · < J ' ·. ~!.:. 

-6). ]nde~:I)ata SystemsiLtd! -,,~11Visio~ Acomtic. Data :Visualiz.ation System Version 3 :20 
· 7) ·SAS ,Institute , Tbe SAS '$ystein foi'Wiuoows:R~le~~t6.l2 ·, .. . . - . . . 
8) _ QBf\SIC4.5 Pro~ingLanguage'<'''. ·-__ ----•- · _, · _ .. · _·. _-. -• _ -

_- 9) ._ Mansfield Softwar~J3rpup_:-.K.EI)IT f,c,,t}\Vin,dovvs.'Y~rsi.on Lo . · : · 
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Site 
# 
1 

2* ·, 
' 

,··. 

3 

4 

5 

I I 
. I 
I ' 

Ta~ll A-1. Measure~ent Sites For RoadwavTvne 1 

Location 
(Route & Milepost) 

I-78 West 
MP4 +4,163' 

I-95 North 
MP.70+ 1680' 

I-287North 
.. MP 17 + 1937' 

· I-295 South 
MP 16+2716' 
Route 55South 
MP 22-300' 

; I·-·-. . ·' i I . ·.'-
(COllfroI:led Access Highways, < 2% Grade) 
1-; - - . . I .i· . . ., . - ·,' 
I I 

I 
General 

Location: 

' 
' Grade 

' ' 

Smiles east 
of Phillipsburg. 
5 miles north 

ofTI'.enton 
· 2 miles north 

of Somervilile .·. 
0 miles sou~west 

of Camden · i 
5 miles. south 1 

1 of Vinelan4 i 

Description 
4 lanerural !-

freeway : 
. 

6 lane urban : 
freeway 

6.laneurban 
freeway 

. A Jane rural 
freeway 

4lane rural 
freeway 

Steepness Length. 

+0.4% --
-0.5 % --
+0.2% · .. 

.:0.5% '-·- .• 

-0.3% --

I Dates 

I 
10/7/92 

10/13/92 
~/(14 & 16)/92 

8/24/94 

10/21/92 

. 8/8/94 

8/9/94 
*. Replacement site i : ·• I 

:: l . ; 

Site 
# 
6 

7 

8 

11 

Site 
# 

12 

13 
·, 

14 

15 

· 16* 

Ta !)le A-2. MeasurementSites For Roadwav Tvne 2 
1. Controlled Acces~ Hfo:hwavs. > 2%. Unorade) 

I I 
I 

' 

I •. ' 

Location· ' I General l Grade 
. .. . . . I 
(Route & Milepost) 

I-78 West 
· MP 10+ 3591' 

I-80 West I 
MP9+ 1487' 

I-78 West I 
MP28+3489' I 

I 

I-295North I 
I 

MP 53 +400' i 
I 

I I 
I 

I 

Location I 

10 miles ;eastJ 
of Phillipsburg 

10 miles north\\(est 
ofHackettsto\fll 
. · 5 miles riorth 

I 

of Somerville 
I 

10 ,miles south 
of Trenton 

Description Steepness 
·6Jane rural -•.:.:. 

freeway +4.0% 
6 lane rural . 

freeway +2.9% 
6lane .rural 
· freeway +3;0% 
6lane rural 

freeway 
,·. +2.6% 

T~ l)}e A-3. Measurement Sites For Roadwav Tvne 3 
ti~ontrolled Access Hii!hwavs. > 2 % Down!!rade) 

I I 
i : I 

Len~ 

. I 

0.2~i. 

I 0.25 mi 
I 

, Location ·. . i , General . I · i Grade 
(Route & Milepost) · 

I-78East 
I 

MP 21 -363.7' j 

J,.287 North i 
MP 28 + 5067' , 

I-295 North I i 
MP 53.55 I j 

I-280 West I 
MP 5.35 ! 

I-80 East 
MP 9+2725' ! 

' , I .:-

Location I 
I 

2 miles east i 
ofClinton i 

5 miles soutll 
ofMorristowii ., I 

l O miles sou~ 
ofTrenton I 

5. miles northw~ st 
ofOrange I . 

10 miles northwest 
of Hackettsto~ · 

' 

.. 

Description Steepness Length 
6 lane rural 

freeway·. 
4lane rlll'al 

freeway -2.9% 
. . I 

0.4 qii. 
6 · 1ane rural 

freeway -2.7% I 0.25 ~i 
61aneurban 

freeway -3.9% I 0.5mi. 
I 

6 lane rural 
freeway. ·. ,-2.7%. 0.35 lmi. 

* Replacement site I ' 

74 

Dates 
10/22/92 
11/23/93 ·, 

8/1/94 
12/8/92 
7/21/94 

9/17/92 

.... 
.. 

·Dates 

12/3/93 

12/7/93 

6/24/93 

8/11/94 

8/3/94 

· . 

' 



Site 
# 
17 

19* 

20 

21* 

Table A-4. Measurement Sites For Roadway Type 4 
(Non~Controlled Access Highways, < 2% Grade) 

Location General Grade · .. 

(Route & Milepost) Location Description Steepness Length 
Route 33 West 10 miles east 4 lane rural 
MP 19 + 1741' of Hightstown divided highway -0.6% --

Route202 North 5 miles south ·. 4 lane rural 
MP7-217l' of Flemington divided highway +1.0% --

Route 130 North 10 miles south 4 lane rural 
· MP74+1134' of New BrunsWick divided highway -0.3 % 

--Route 206 North .. '5 .miles south 2 lane rural 
MP 19+438' of Mount Holly undivided highway +0.4% --

* Replacement site 

Site 
# 

22 

24 

25* 

Table A.;s. Measurement Sites For Roadway Type 5 
(Non-Controlled Access Highways,> 2% Upgrade} 

Location General . . , ·Grade .. 

(Route & Milepost) Location Description Steepness · Length 
. . 

-Route 206 North 10 miles north 2 lane rural 
MP 61-2118' of Princeton· undivided +2.6% 0.3mi. 
Route:31 North· ,'-< · ,,, ~2 miles north · - •/s ~•Al ··· 2 lane rural .. . 
MP 34 + 1774' ofClintpn undivided +4.3% 0.15 mi 
Route22 East .• · 5 ·miles east · 4Jane·rural ·· 
MP 23 + 1560' of Clinton divided highway +3.5% ·• ·0.15mi 

* Replacement·s1te 

Table A-6~ ·- Measurement Sites For Roadway Type 6 
- <Non-Controlled Access Highways,·> .. 28/o ·nowngrade) ·,. 

Site Location ·- General Grade 
#- (Route & Milepost) -Location Description Steepness Length 
26 Route 206 South ·· · .- ·s m:iles south . · ·. .. ·Tlane nmil 

MP 84+2205' of Chester undivided highway . .:s.0% 0.55 mi 
28 -Route 46 West 2 miles east· 4 lanerural 

MP 23 - 531' of Hackettstown divided highway -6.1 % 1.7 mi. 
29 Route 31 North lmile' soutn .·. ... 4 larie rural' .... '. 

MP 31 + 2635' of Clinton• divided highway -5.0% 0.1 mi. 
30 Route 31 South 2.miles north 2 lanerural 

MP 34+ 1504' 
.... ··- ofClinton l.llldivided highway -4.3% ().25 mi 

Dates 
12/18/92 
12/21/92 

·• 

11/18/93 
9/24/92 
9/30/92 

12/8/93 

Dates 

10/1/92.. 

12/14/93 

12/13/93 

Dates·. 

12/20/93 

12/6/93 

11/30/93 

12/2/93 



-....) 
O'\ 

. TableA;.7. Number OfTruekNoise Measurements ByAxle Classification And Percentage Of Total 

Truck 
Classification 

1 - [2,6] 

. 3 [3T]. 

4 "'. [2B] .. 

6"" [3] 

7'" [4] 

8 - [2-1] 

9- [2-2] 

10 - [2-3] 

11 - [3-1] 

12 - [3-2] 

1 2 3 

46(21.0)* 30 (l7.8) 27 (16.l) 

2 3 2 

26 (1L9) i 1(6'.5) 

6 l 2 

2 0 

4 l1 (6.5) 8 

0 0 1 

1 0 2 

ROADWAY TYPE 

3. 0 

2 i (i 1.9) 23 (20.0) 

4 

2 

14(8.0) 

I 

1 

1 . 

1 

4 

0 

0 

6 
Total · 
1,2,&3 

Total 
4,5,& 6 

Total 
. All · 

35 (29.4) 103(18.5) 121(29.5) 224(23.2) 

0 

3 

7 

5 

3 

9 14 

-JL --- - - _I --- - - -- 1 -- - __ J - -- - -- - - ---- ---- -

15 (12.6) 50 (9.0) 59(14.4) 109(1 L3) 

6 (5.0) 9 ll 20 

2 4 C 5 9 

8 (6;7) 23 26 (6.3) 49 (5.1) 

0 l l 2 

1 3 2 5 

128(58.4) 111(65.7) 109(64.9) 77 ( 43;8) 42 (36.5) 46(38.7) 348(62.6) 165(40.2) 513(53:l) 

---,-3~rJ=31-. · -· -· _ .. ·-2----o-. - --o-· -. -· -2----. -2-. - --2----2--. --6-.. -· - --s-.-.. l-------

Total 219 169 168 176 115 119 556 410 966 

* . Percentages in parentheses. . See Page 5 for definition of truck classifications. [2,6] == Two axles, six tires 
[2T] == Two axle tractors . [2BJ == Two axle buses [3]= Three axle, single unit body [3-2] = Three axle tractor, two axle semitrailer 
(Note: Measurements taken for 8 two axle tractors with double trailers not listed) 



APPENDIXB 
. . . . ·;_· . .- .· •, . . . : 

· · Regr:essions ofTruckNoise Emission Level vs.;Speed ·.· ... 

. . . . ' . . . . . . . 

This appendix contains t\Velve plots of truck noise emisst9n level/LMaxA• in dBA yersus speed in 
miles per hour, Note that these figures do not showtruck REMEL's ~- REMEL's are shown on 
Pages 41-53. ·· As indicated on th,e plots, these figures compare the regressions .for .the l977NJ .. 

· .truck noise data to those for the }99zl94 NJ truck noise data'. Actual data values are also .plotted · 
for1992-94trucks .. Figures B.;J·toB~6are.plots for Truck Class··I (Medium Trucks & Buses) for 
each of the six-roadway types (see Pag~l5, for more detail): . 

. . . . _: . . _. ' :. . ,·· ... · 

( 1) c~ntrolled ~ccess, level'~oadway~ •. 
(2) ~on,trolled access, .upgrade roadways 
(3) controlleq access, doWngrade roadways . 

··- · {4) non.,controlledaccess;·level roadways ·. · 
· ( 5) i:ion.;~htrollecl accesS~•Upgrade roadways .. 
(~) non~co11trolled access, downgrade road~ys .. 

. Figures B~ 7to B-12 are plot~ .~fT~ck:Class 2 {Hea½, T~cks}for each ~f the. sixroadway types. 



· Figure a·~+ Noise Emission Level (LmaxA}: \,s. Truck- Speed · 
ROADWAY. TYPE t (Controlled Access, tevel) . MEDIUM TRUCKS & BUSES 
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Figure B- 2: Noise Emission · Level (LmaxA) vs. Truck Speed 
ROADWAY TYPE 2 (Controlled Access, Upgrade). MEDIUM TRUCKS & BUSES 
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Figure B - 3: Noise Emission Level (LmaxA) vs. Truck Speed 
ROADWAY TYPE 3 (Controlled Access, Downgrade) ·-~ MEDIUM TRUCKS & BUSES 

-- - Regression 19n Data ---- Regression 1992-1994 Data 1992-1994 Truck Noise Data 
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Figure 8- 4: Noise Emission Level (LmaxA) vs. Truck Speed 
ROADWAY TYPE 4 (Non-Controlled Access, Level) - MEDIUM TRUCKS & BUSES 
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. Figure B-- 5: Noise Emission Level (LrnaxA) ·. vs. Truck Speed 
ROADWAY TYPE s (Non-C.ontrolled Access, Upgrade) - MEDIUM TRUCKS & BUSES 
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Figure 8-6: Noise Emission Level (LmaxA) vs. Truck Speed 
ROADWAY TYPE 6 (Non - Controlled Access, Downgrade) -- MEDIUM TRUCKS & BUSES 
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Figure B - 8: Noise Emission Level (LmaxA) vs. Truck Speed 
ROADWAY TYPE 2 (Controlled Access, Upgrade) - HEAVY TRUCKS 

--- --- Regression 1977 Data ------- Regression 1992-1994 Data Truck Noise Data 
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Figure B -10: Noise Emission Level (LmaxA). vs. Truck Speed 
ROADWAY lYPE 4 (Non~Controlled Access; Level) - HEAVY TRUCKS. 

---: -- Regression 1 0 1992-1994 Truck Noise Data 
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Figure B-11: Noise Em.issioh Level (LmaxA) · vs. Truck Speed 
ROADWAY TYPE 5<(Non-Controlled Access, Upgrade) - HEAVY TRUCKS 
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. · Figure B-12: Noise Emission Level (LmaxA) vs. Truck Speed 
ROADWAY 1YPE 6 (Non;_Controlled Access, Downgrade) - HEAVY TRUCKS 
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APPENDIX C 

Printouts of Field Data 

This appendix includes the· noise, speed, and descriptive data collected for the trucks measuredin 
this study. TheLMaxA, the maximum A-weighted passbylevel at 50 feet, is shown for each truck 
as well as the J/3 octave band frequency infonnation from 50 Hz to 1 OK Hz. The measurin,g 
microphone was .at a height of four feet above the ground. Noise levels are •given in dB A. Speeds 
are in miles per hour. Speeds which\Vere calculated as explain.~d under "Speed Data'', Pages 30-
31, are. identified with an asterisk, The printoµts are broken down into Truck Class and Roadway 
Type groups. For example, Figure C-1 lists the data for T~ck Class 1 · (Medium Trucks & 
Buses) for Roadway Type 1 (Level, Controlled Access Road.ways). . The descriptive data 
headings are explained below. 

SOBS 
DATE 

Site Number;..Qbservation Numbe:r 
Date the measurement was taken .. 
Vehicle Axle Category .. . AXL 

VT 
XH 
LC 

Vehicle Type . .. _. ___ .. _.. _ 
Exhaust Configuratioll(H ;::;.horizontal, V;::; vertical) 
LoadC011di(ionifpossible (L';::; loaded,·_lJ;::;unloaded) 

The vehicle axle categories as shown in Figure f," Page 14 are as follows: .· 

Axle. Category 
Two axle, dual tire rear wheels; single imitbody 
Three axle, single.unit -body 
·Four axle, single unit body 
Two axlet:ractor, one axle semitrailer 
Two mtle tractor, two axle semitrailer 
Two axle tractor, threeaxle semitrailer 
Threeaxle tractor, one axle semitrailer 
Three axle tractor, two axle semitrailer 
Three axle tractor, .three axle semitrailer 

Vehicle type designations are listed on the next page. 

90 

Axle Code 
2 
3 
4 
2-1 
2-2 
2-3 
3-1 
3-2. 
3-3 
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Table'c-1l Vehicle Tyn~ Codes 
I 

' 

1 

I Vehicle Type Code· 
I 

.. -.·Bottler B 
! Camper C I 
I. Car Carrier l cc 

. i i Cement Mixer I. CM I 
I Crane i CR 

i I 

i , Delivery Van· !.· .. DV I 
I Dump i D . 
i i ; 

1 .Flatbed ! .FB orF i 
i I I 

i i Flatbed, Stake FS I 
I 

I i 
·. Garbage ! G ·: I I ·. .. I ' Hopper_··. I .H I I . ! 

! I Pickup I PU I 
i I 

I I ._.School Bus '!. '· SB f. 
' 

. . 
I ,Tanker ! -·-T I I i 

. I 

.Tow Truck ' TT i i I I 

Tr lCtor(no semitrailet) TR 
I 

i i TransifBus ·· I TB '· I 
i I 

I ; Utility I u ., 
' I 

i Van ! 'V .I 
I Wrecker I w '·. 
I I 

.1 
l 

•' 

i 

.. ;:.:: .. 

. , . 

i 
,. 

' 
·I 

]· 

I : ,· 
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• I 

;~ .. 

·1 i 

I 
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s D 
N 0 A A 
U 8 T X 
MS E L 

1 1-23 10/07/92 2 
2 1-48 10/13/92 2 
3 1-54 10/13/92 2 
4 2A•4 09/14/92 2 
5 2A•14 09/14/92 2 
8 2A·29 09/18/92 2 
7 2A•34 09/16/92 2 
8 2A•44 09/16/92 2 
9 2A-50 09/16/92 2 

10 2A•64 .08/24/94·2 
11 2A•67 08/24/94 2 
12 2A-69 08/24/94 2 
13 2A•77 08/24/iM 2 
14 2A-78 08/24/94 2· 

'° 
15 2A·88 08/24/94 2 

N 16 3.3 10/21/92 2 
17 3-15 10/21/92 2 
18 3-16 10/21/92 2 
19 3-19 10/21/92 2 
20 3.47 10/21/92 2 
21 3-50 10/21/92 2 
22 4-5 8/08/94 2 
23 4-11 8/08/94 2 
24 4-13 8/09194 2 
25 4-17 •101/94 2 
26 4-18 8/08/94 2 
27 4-21 8/08/94 2 
28 4-24 8/08/94 2 
29 4-25 i/08/94 -.2 
30 4.35 8/08/94 2 
31 4-40 i/08/94 2 
32 4.44 8/08/94 2 
33 5·2 8/9/94 2 
34 5-4 8/9/94 2 
35 5-5 8/9/94 2 
38 5•8 8/9/94 2 
37 5•12 8/9/94 2 
38 5-20 .8/9/94 2 
39 5.24 8/9/94 2 
40 5-25 8/9/94 2 
41 5-28 8/9/94 2 

Figure C-1. Medium Trucks & Buses-Level, Controlled Access Roadways 
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T H C D 0 3 0 0 5 iJ 0 0 5 0 0 0 0 IC: K K K K K K K K K K A 

Fl HU 46* 32,1 49,. 50.,4 48,7 53.7 il4,0 54,7 57,2 62,4 81.8 84.8 83,4 85.3 70,4 70.4 lii.4 86.li 65.o 82,0 59.4 55.2 53,8 54.7 46.4 77,3 
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Y if 
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48 44.4 38.2 as.a 4i.4 59.2 62,784.4 12.0 112.:i 111.187.912.2 ei.o 6&.2 87.6 68.8 68.o 63.& 61.0 5i.9 57.o 54.7 57.& 48.4 80.5 
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DY L 53 41.3 37.4 47,453.1 58.4 515.8 57~7 80,9 82,0. 115.8 75.0 70,184.4 87,8 68;7 158.3 85.8 84.9 81.1 59.0 58.9 54.5 57,247.6 79.1 
Y H 52* 32,838.8 40,2 411,0 55,8 52,5 80,3 57,9 117,0 82,4 85,5 58,471,574.5 68.8 65.7 62.9 61,460.3 57.4 54.7 52.8 49.4 45.0 78.7 
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49* 41,247.5 48.2 111,180.9 57.0 81,185.8 8!1.5 87;8 71.8 89.8 it.3 89.869,0 68.9 68.0 84.4 61.9 59.5 57.2 54.6 52.7 47.8 79.1 
44* 38.0 41,4 44.8 85,8 511;'8 55.8 59,? 81,5 77.4 88.5 .89,9 73,5 73.9 70,9 69,8 68.8 68,6 68.2 64,3 62,4 59,8 57,6 53.9 50.2 82.3 
48* 35.3 38.8 42.5 41,150.4 50.7 111,i 58.8 10.1 88.3 88,189,773.8 74,470.4 68.6 65.2 65.3 61,959.6 54.0 51.5 48.4 44.8 79.9 
47* a1.1 41,347.1 so.a 54.i 55,3 as.1 59,B i7.5 11,411.1 &9.'i 11.111..410.2 1111.1 1111,9 &5.& 81.11 58.7 58.4 53.a 51.8 48.2 79,6 
45* 34.7 43.3 49,259.3 54.7 60.9 77,4 79.i 72,371.8 75,472,973.8 70,267.8 66.5 65.4 64.3 60.2 58,755.5 54.6 51.3 47.1 84.6 
81 38.8 41.4 43.0 80,3 82,2 89,1 511,082.8 59,2 82.li 86,3 85,8 88,389,070.0 89.3 87.2 68,885.3 82.0 81.1 59,354.9 50.2 78.0 
42 
48 
59 
43 
51 

Ii 83 
113 
58 
81 · 
65 
50 
111 
48 
53 
57 
115 
49 
53 
47 

32.9' 40.0 415.7 53.8 53.8 53.4 80.8 88.5 82;8 110:3 58.4 85.2.68.8 88.0 64.8 86.2 83.4 63.1 58.5 57.0 54.4 51.0 50.2 41.2 75.3 
30.0 37.9 48.7 48,150.8 53.3 54.0 57.5 55.1 82,li 80,7 8:i.1&8.9111;2 87.7 66.0 63.8 62.8 80.3 57.8 55.3 52.4 52.8 45.0 75.2 
35. 1 43,11 44. 7 49,4 113.5 57 .1 88,0 83. 7 19.0 81,2 83.8 88.9 88.1 70.9 71; 1 87.0 65.2 83.4 62.5 61 •. 1 59,9 58. 7 56. 7 52.8 77 .8 
:i:i.9 52.0 52.9 58.& 5i.2 111.1 111.11 111:1 10.8 112,3 11,4 70.5 71,412.6 11.3 67,9 67 .• o &4.7 61.0 58.9 58.3 54.o 53.9 48,1 80.4 
44.2 4&.8 4&.2 ·51,9 52.9 55.7 59,8 5t.8 60.2 110.1 111,2 111.9 11.5 11;11 &8.1 84;8 &3.8 &3.1 59.1 56.o 53.!i so .• 8 52.2 46.2 18.1 
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4.1.8 48.i 53.9 55;3 58.3 57.4 11,9 84:9 81,3 83. f 74,0 75.0 75.t 74. 7 71.9 71.8 69.2 68.0 ai;is 83.3 57 .4 55. 1 54.2 46;5 82. 7 
48.7 45.:i 48.i 52.1 52.8 iso.7 81.11110;1160.3 55;0 &8.4 69.4 it.a 71.7 73:3 i!i.9 88.2 88.0 81.9 59.7 58.7 55.8 56.1 49.7 79.6 
39.9 40,1 48:5 50;4 115.9 58.3 57.8 111.2 59.6 84.5 70.2 70.8 71.0 71.7 70.4 66.1 65.0 64.2 81.1 59.2 57.3 55.7 54.4 49.6 79.1 
43.3 45.e 48.5 511;5 so;153,2118.158,501.1110.111.4 88.2 113.5 ea.o 11.s 86.8 85.1 83.2 59.7 59.5 54.4 12.1 50.146.316.8 
28 •. 3 35~7 39.9 49.8 44.8 53.8 54.3 52.7 57.2 80.0 83.8 63.0 85,4 88.1 87.8 611.3.63,2 61.0 57.8 56.4 54.6 53.0 50.0 45.4 74.9 
42.3 43.7 48.9 54,888.8 59;3 87.8 72.8 74.8 88.4 77.2 78.3 78,771.4 71.7 70,487.8 68.8 83.2 80.11 57.154,711;2 45.2 84.5 
38.5 40.9. 49.7 50;2 57.& 115:4 55.9 5&.e 118.2 59.8 64.3 84.3 e:i.8 64.4 114;2 &2.5 6i.4 59;1 56.'i 54.7 58.9 55.4 51.5 46.4 73.6 
32.0 40.2 52,4 50.8 51 ;8 57.8 81. 7 87.2 87.8 85.9 85. 1 88.5 70.8 68.2_ 70,2 87.5 66.6 6,5.8 83.5 82.0 59.4 57. 7 54.8 51.9 78. 7 
42.0 38,4 43.8 50.1 51.1 58.8 58.5 83;3 80.7 6.8.9 77.0 88.4 88.7 70.9 70.4 70.1 87.2 66.0 63.6 81.1 57.8 55.6 53.2 50.1 81.0 
35.4 3&.e 40.1 48.11 47.3 54,11. 55.3 58.5 59. 1 82.9 64.4 87,e 56.1 86.1 63.8. 64.o 811.2 112.5 59.t 56.& 54.1 53.4 51.8 49;5 75.2 
38.9 41,11 44.5 53.2·52.8 5li.9 58.& 112.1111.11111.1 i8.5 &7.3 87.9 89.8 10.8 89.9 87.e 66.9 65.8 82.9 112.2 59,2 56.9 53.2 79.o 
40.2 47.3 49.7 55.0 51.2 55.8 54.7 57.7 83.8 62,183.5 73.5 64.7 86.0 68.3 64.11 62,280.5 56.2 54.5 52.2 49.8 45.7 41.7 76.9 
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· Fieure C-:i. . Medium Trucks & Buses - Level, Colitrolletl Acc~ss Ro~dwaYs 
· · · (Continued). 
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··· - ~-~445:aa ·· i/e/94 · ,~' Iva··_· ·, ~• 42.-1 d.i1~4•~~,~~• ·51 ;i-aa.o 59,;·r:-11;7..51,a es;2 152;4~15,2,::-5~.a-15!,1-15cl;-9. ,a.5 -es.i- 54J~&2.0::-5!i,6-55.8-54.4 51_-.s-41.0-1&.i;- ·· - -- -- - - -

· 45 5~41 i/t/94'. 2 41 21.5 33;1 3,.o 4~.3.41,8 47~2.-~·'r·~8;7 11;111.1 57.4 ao.~a ao.4 &3.5 ~-;a 154,8 11;1 58,5_55.4 51~9 48.4_45;9 42.7 38,2 11._1 
· · 415 s-•4a 8/9/94 .· 2 . v · 50 34.2 42;1 47;·1 48.9 53,2 58,3::57i7- so.a 12.1- ea;& &3;7 15~9 11;0 57.4 59;0 66.2 65.1 &3~5 62.2 5a.a ·51.1 53;a s1.8 47,_3· 76.4 

47 s-51 8/9/94 2 t v 51 39.13i.4 47,1-49.2 59.8-58.a,54,i lio,3 66:1 63~1 11;0 il&.5 14.0 .. 11.2·67.3 65.9 65.3. ea.1 10.1 ~8~5 5&.4 5:i.2 5o.o 46.7 i&.5 
4i 5.52. i/9tii-i .. 2 li v 41 42,4 4~.i-45,1 53,ci 16~1 55,a iii., iti.4 .. 12.2 12.1 14.11 as,1 ai.i 66,1 64.4 e:i;1 61,4 60.6 5.1.a 55.1 s2.a 511& 4s;1 44.s n.11-

. . . .· 
------- - .- ··_-.-----------~ _- .. --~ . ~--·· ---
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1 6-19 10/22/92 2 
2 &-31 10/22/92 2 
3 15.34 10/22/92, 2 
4 i5.57 .. 11/23/93 2 
5 &-SB 11/23/93 2 
5 6-99 11/23/93 2 
7 7-1 8/1/94 3 
B 7;5 . 8/!/94 2 
9 7-8 8/1 /94 2 

10 7.9 iHt94 2 
11 7-28 8/1/94 2 
12 7-36 ,ut9r 2 
13 7.39 8/1/94. 2 
14 8>3 12/08/92 2 
15 ii-4 121oai.92 2 

\0 16 B-14 12/08/92 2 
17 B-18 12/08/92 2 
18 B-21 12/08/92 2 
19 8-42 7/21/94 2 
20 8·49 7/21/94 2 
21 9.53 7/.21/94 2 
22 8·63 7/21/94 2 
23 8-6& 7/21/94 2 
24 8•70 7/21/94 2 
25 B-72 7j21/94 2 
26 9074 7/21/94 2 
27 B-77 7/21 /94 2 
28 11-7 09/17/92 2 
29 11-17 09/17/92 2 
30 11-21 09/17/92 2 
31 11-25 09/17/92 2 
32 11-29 09/17/92 2 

Fi&ure C-2 •. Medium Trucks & Buses - Upgrade, Controlled Access Roadways 

1 3 L 
1 2 6 M 

s 1 1 1 2 2 3 .4 s is 8 2 1 A 
V X L p 5 is i 0 2 is 0 ·5 1 0 0 3 0 1 s 5 2 s s 4 s 3 B 0 X 
T Ii C D 0 3 .. 0 0 s i) 0 0 5 0 0 0 0 K I( K K K K K K K K K A 

v ti 40• 3B.4 41,3 10.& ez;s s1.s e1.3 e,.s &5.2 &7.3 iia.4 14.110.01,.1 1a.& 12.2 69,9 119,2 54.i 64.2 &4.5 6O.e 57.o s1.9 47.o a3.3 
V H 48* 36.9 48.2 49.1 5!1,& &1.11 57,4 54;d 81.O 54.1 &3.0 &0.2 117,4 &7.i 119.8 73.t 71.O 68.& 69.1 &7.4 &3;9 61.1 57.1 53.6 50.9 79.5 
V V 48* 37;3 34,7 52,3 51,& &2;2 .ili),8 117';3 58,9 &1;4 &1,3 &4.3 77,0 70,2 &B,2 88,4 6&,B 64,9 63,B &1.is 59.3 56.7 54.6 54.3 53;0 80.1 
D V L 48 37, 1 49,7 57 .9 445;7 !52.0 so;3 54;5.55,9 51517 &O; f 71.0 is&. 1 70,& 77, 1 72.2 71,4· 69,4 157,4 &4.2 60. 7 55.1 53. 7 51.B 49.2 81.2 
v ii 51 3s.& 43.is 55.a .ie.s s3.2 s5.e sa.e·ge,o 54.3 isi1.:fis1,1 6O.s &e.1 12.1 10:0 H.5 6a.1 65.4 e1;2 158:4 56.2 52.4. 4&.1 46.4 11 .• 6 
v H 41 43,5 4&'. 1 u.s ,1.5 ~o.3 !59.~ &1:9 ~•'.~ ,a.5 74 .• 1 &4.& is9.2 ~a;1 ~8.4 10. 1 isa.1 &6.a &7 -~ 64.o &L9 57 .1 53.5 50.9 so.o 79 •. a ta s1 ~~-a 41 •. 4 55.o 52;9 454.0 n,~.e4.e e1;5:,o.4 !o.8 ea.a ea.3 459 14 e1.1 e9.4 6a.o &&.5 65.a e4.6 62.a 6L2 e1.6 58.9 5a.1 ao,5 
V 47 43.li 40.1 47.3 !Sli,5 50;2 117,f 54,2 5&;8 57;9 &7,7 58.4 150,11 &&.;9 83.9 &5.4 66.1 64.7 &3.8 60.2 57;3 54.1 51.4 51.B 47.3 75.2 
V 44 38.4 38,. 1 41.11· 40,8 53;0 47~4 44.8 ~1:1 411,7 59.O 57.B, !18.2 &O. i !59.8 60.1 59. 1 56. 7 54,0 50.& 47,4 45. 7 46.O 46,B 41.6. 68. 7 v .. s2 35.3 3&.& s11.1 511.1 1i11;3 !19.2 !i1.9 5~.1 58.7 sa •• 1 ja.1 t$3,9 ~1 ;9 «$7,1 65.1 65,5 &3.2 &1,3 59,a 57,4 53,9 50.4, 50,4 41.2. 75.2 
V V . 55 . 33,3 !51,4 4il,t 45,7 55,7 55;2 59,& 57;,i 81,9 so:a 59; 1 &1 ;1 is2.2 ,64.0 &4.1 63.9 is2.& 62.1 59.4 5&.B 54. 7 50.9 49.146 .• B 73.4 
FB 45 !51.& 47,1 52,7 49,5 !11.2 82,4 !14,2 54;7 54~5 !56.4 !S!i;3 58.7 59.9 60.6 62.4 61,6 61.3 61.3 57.5 54,5 !53.4 51.B 50.5 49.5 71.5 
V 49 42,4 48,2 4&.B 53:!S 59,2 74,B 73,!I 58.2 &!5:1is4.1 65.1 153.5 &5.1 64.4 &4.3 64.2 64.O 62.1 60.1 58.9 57,156.4 54,451,079.6 
v >H 
V H 
F H 
D H 
V II 
u 
.y 

V 
V 
V 
SB 
V 
V 
V V 
V H 
V H 
V H 
V Ii 
V H 

59 41.1 4o.i43.a.!50.5 81,0 s1:1 ss.2.5e,3 5&,a &4.7 ise.1159.910.1n.512.2 io.9 &9.2 67.5 66.o 63;16o.4 sa-4 56.6 54.9 19.a 
51 . 4,2.8.47,0 52,351.0 &1.t 57,9 ~2:li 55;3 81,7.115.1 ~9;2?-i,3 71,8 71,168.& 68,4 65.8 63,5 59.8 57.5 .54.3 52.3 49.4 47.4 79.O 
53 36.& 41.1 !51,&.45.8 00,11 51.9 5&.O 55,2 56.O 64,5 &0,9 &7,0 69,6 74,1 74,2 72.O 69.4 66.8 &4.3 60.7 57.2 54 .• B 52.1 49.6 80,4 
52 41 .• 4 44.!il 54.3 54.& i11;a eo;4 10.0 &5.1 11,9 .ia.iS 15,o 10.1 &a.5 459;0 11.5 68.5 61.0 66.6 64.1 60.5 58.1 56.2 55.1 53.1 83.o 
58 45,7 45,1148,2 48,4. 82.'3 150,0 55,4 55,5 &4,5 il&.1 7f;e 7O.O 70.9 75,il 70.4 68,9 66,7 64,0 62,1 58,0 55,6 54.2 5O.B 47.7 81.9 
46 345;is 33,5 53,4 iso.o 47,4 s2.45a.1 111.11 eo;o 15&;4 is2:11&9.973.1&5,8.6&.O64.a 64;2 60.4 60.1 51.1 54.7 55.o 53.149.311.5 
49 35.O 43.& 4&.4 49,&,~&.1 so:4 59.2 59;2 89.& 152,8.89.8 70,868,078.2 71,668.4 65,4 65,2 62.3 60.4 57.4 55.O 53.9 53.3 81.4 
52 34,5 39.2 45.2 45.5 54.8 52.4 57,259.7 59.9 61.0 68 .• & &5.& 72,7 .70.7· 69.O 67,9 65.3 64.2 62,6 59,4 56.4 52.9 5O.B 46.9 78.4 
55 42,4 43,2 48,3 52,o s2. 1 ss.11 511.4 57.7 58.8 62~5 &3.5 &4.a ea: 1 &7 .6 67.o 68.5 66.2 63.2 61.0 .59.4 56. 1 55.o 53.5 49.5 76.4 
47 41.3 45,5 48;9 45,15 5&,7 52,3 52,8 5!il.957,9.151,5117,4&7,3 H,11 70;3.70,3 66,9&4.& 63,& 151.9 59.9 57.6 56.3 53,B 48.3 77.4 
53 41,038.3 45.8 5O.O 52.3 5&.9 81,2 59;0 55.9 58.9 71,5 &&.& 70,073,470.8 69.4 &7,9 65.7 63.1 59,156.9 55.0.52.6 48.4 79.5 
S9 37,545,548.2 49.8 51,0 SO.O 59,7 ilL1 &2:f cs1.8 &7:9 &&.2 &8.769.9159.8 66.9 66.7 64,9 63.li 62.3 61.6 59,559.8 57'.7 78.1 
53 37,5 38,O 43:7 49,9 52~9114;2 59,!t&O,5 &4.8 59,9 6&.871.5 68,9 7L272,812.O. 71.3 70,769,067.3 66.8 65.a 64:7 62.4 81.3 
45 44.& 50.5 47,45&.O 55,855.7 55.9 6&.1 00;3 72.4 64,0 &4,8 &9,165,415&.3 64.4 63,3 59.8 58.1 56.6 55.1 53.5 52.6 50.9 77.3 
49*.45,7 42,1 47,0 &0,7 58,7 54,0 57,4 &1;7 58,4 &4.li 75.2 H.4 64.3 68.7 &9,5 66.9 66.7 &4,7 &2,4 61,2 60.B 62,257,051.179.2 
54* 35,1 40,& 38.452,4 54.& 55;0 57,5 58,459,4153.15 67.4 70~2 &B.4 70,670.3 7L9 69.4 &8,4 64.9 62,9 60,!i 59.3 56,652,379.5 
51* 34.0.4&,3 54,553,2152,2 58,5&0.5&2,2 &4,1 14,0 78;2711,0 67,2&6,3 &&.O 65,1 63,8 62-4.59.9 57.5 55.4.54.2.54.8 48.2 80,4 
52* 40.4 47 .9 52 •. 3 62,O &o.3 so.& &3,a 59,9 is1.9 &5.f &a.2 11.1 11.1 11.1 10.6 &1.0 157 .1 64.7 61,6 59.2 56,2 56.5 55,5 52.6 a1 .o 
49* .. 35,5 .. &4.O 44,7 54,0 5&.3 &1.0 57.O &0.3 &2.3 &4.3 65,1 8&;173,072,1 &7,9 66,8 155.4 63,2 &1.3 59,556.9 56.1 54.3 5O.O 78.7 



Figure C-3. Medium Trucks,&'Buses - Downgrade, .Controlled ·Access Roadways 

1 3 L 
·,s D 1 2 ii M 

NO A A s 1 1 -1 2 2 3 4 5 6 i 2 1 1 A 
U 8 T i< V X L p 5 6 8 0 2 • 0 5 1 0 -·, 0 3 0 1 5 6 2 5 5 4 ii 3 i 0 X 
M s- E L T .H C .D 0 3 0 0 II 0 o- 0 5 0 0 0 0 K .K K K i< I( K K K i< - I( A 

1 12-2 12io:11e:i 2 F . 54 37 .3 48. 1 48.4 51.1 sa.a 6&.3 60.1 _e9..a if~9 84'.5 es~o _65~4. it~ i 10.2 12:0 69.9 iii .4 &4.2 6:2'; 1 si,;i 54.il si.i.6 49. 1 46.3 79.1 
2 12•11112/03/93 2 . V 6.1 -37,8 43.2 47.8 111.1 51 ;O 53.1 57.0 52;6 54.1 55;9 56;6 61 ;9 57,4 66.!I 69.0 69.4 66.1 i4.8 59.3' 5!1.0 52-.3 49.1 46.1 42.8 76.0 

_jJt!~ -!:~!:~:: :: .. -! -:! :t; ::: ::::,::-:: !!J :::t::-:~ :::: ::-:! !:::-it::::: !7:! ~:::· ~~:! i:::~:i:! :::~-=~:: :::~:~::·::-::-:::: ::::-:~: ! 
:s 12.311 12,0319a z ·.~ ·. - sfie.Fi2~2:43~., 11,.~ 4i;3 ,st.1-,fiJ,~, ~~i-:-;ii.1'iI:f11>;2 s~-• s9c., 75.4 68.9 as., e2.o .6o.4 s!i.1 .57.4 111.1 s1.ss1 '.1 1,.0 - - --~ 
-.ii 12~40 12/03/93 2 - V V 7'.0 42. 7 s.1.0 53.5 .154.11- 52. 7 55,5 .12~2 .83~1 85.2 H;s 88.9 &1;i 85. t 74.3 72.3 72.2_ 70.9 69.3 6j;& 83_.2· 60.0 57 .3 52.8 48.4 80.5 
. 1 12-so 121oai1is -2 ·,s . [ 10 4~ .1 -,s.i 4ii.3 s2:q 54.4 116~1 it,1 , •• :62.0 14;4 10. 1 e-i-;r ia;9.10~4 6t;;1 ··ae,a,11.a 64.s &4.i 6.0.1111.1 5s.a s1;s 4&.4 11.,1 

-... 'i :11~28 12107193 2- v · ·. - .. -7i ~2;2 -i?;11 s~.i lli1.2·s~.2 ·i~.o 1~;5. ~•.:1 ~0.2 :afcr10., •~-2 1i1. ·1~;& 12.a 12~:i 11.4 60.166,2 65.a 63.2 -sa. 1 53.ci 48.a 84.9 
· .. , 13.3s 121011,a. 2. v 1~ 41.1 41.0 .5o.a ~1.s, 53.4 a~-• s9.s 51.1 1;2.11 86,a 61.s 11 .• 2 12.4 11.9-11,2 .7h9 l!l.9 61.a s&.4 _&3.1 "io.s. 5a. 1 55.a 52,4. ao. 1 
10 13~36 12/07/93 2 V H 64 42.6 45.2 45.3 111,153.3 60.4 61.7,H.2 68,5,86,1 59;7 .67.8 69,.4 .67.4 67.6 &i.2 66,0 65 •. 0 61.6 59.5 56.1 .53.2 49,846.4 78.3 
1113~40 12/oi/93 .2 ti Ii ilj 41 .•. 4 .t:1.1 47.t s'i,c.i u;a:515. 7 $4.t. 1$9,3 sjj,7,6e;2 11.2 &7 ;9 11.2 74.J i73;5 10. t &7,9 s&.oJsii,_o t.L7 st:1.l15-!i .!i,1_.4. -11,9 eo.3 

. 12 13-42 12/07/1132 I'S 63 38,6 43,4 48,7 4'6.i s1.·1 53;9 52~5 57.i 10.1.it.2 61.5 ts7.5 73.6 74.9 72.6 68.3 67.6 66.6 65~5 62.11 59.2 57.o 53,7 49.1 80;3 .·· 
__ . _. _____ fa_i3..e:..4A_121Jti1__g_a__2__.JL.:___,._,_,u_3_t_.~..1~s.e So.a s2;1 s1 .t ·sa.O cs1 ;4 sil;i H.il 11.a 1a.i1 70.9 69~o cs9.3 69.2 68.1 &6.8 &4.9 63:3 11.s 59.4 5;.s 51.2 12.0 -

' ''' ,' 14 14:i Oi/24/93 2 FS : L 54-40~2·43.0 47.7 59;1 sa;4 ~-2 s,~. if;1114.t 62.1•'..15.1 _74.8 11;1, 68;2 69.8 69.0 69.7 67.1 65.2 62.2 59.6 55.5 '52.2 47.7 79.9 ---,----· ~~,-
15 1.i~ao oi/24/93 .2 · · v · 49. j9;cs 43. 1 43,1 47.1(s1;1 s2;9 13.1·s2.1 cs2;2 84.4 so;i to.o 19;4 &7.3 11;6 65 •. 4 ss,o 62.is 10.1 st .9 iss:6 s2.:1 49.'4 45,6 16:a 

~· 'ii 15~10 1111/94 i · v v · s1 -42.4 ~s.5.41.1.111,3 118~2 si.t cs2.o1 sa.a lis.4 ed.1·1:1.3 'ics.3 iii.o &7.9 19;2 &8.s 61:1 6&.9 &3.s 61,158.3 5s:a.52.9 4•.3 11:4 . 
17 15-11 BiH/94 '2 V 57 43.9 43.e,sc,;8Jl4.9 51.5 84.5 sijio iso;~ 83.~ ~:t:a_et!'i &i.4 67.8 67.5 .68.3 66.4 65.1 63.5 62~1 60.6 57';1 55.1 53,:o 49;9 11:4 -
11 1s~13 i/11/94 v s5 :.2. 1,'3cs:o 50.i 47.t 55.5 cs1 .7 s4:• 11.0 1st.2 12;a 10. 1 css.:t si,1 ea.s s, .9 is1.2 is.1 64.3 61.s s9.1 se.1 s4:2 5·1.s -iil.s ii.2 
19 15~18 i/11/94_ 2 DV V 55 42.4 ·43;2 50~8 51.CS CS3.3 57,153.5_56 •• 5$.5 60.i 68,tl 63.9 64.7 '51,2 65,2-64.2 CS3.8 61.6 60.7 59.9 57.5 56,3 s2;0 48.5 75.4 
20 15"'21 8/11/94 2 0 . ·• 51 33.9 45.7 46,1-47.3 48.4 53.0 51..4 57.7 i54,3 CS3.8 67.2 H.0 17.8 68,0 68,0 65.1 63, 7 62. 7 59.1 57.1 55.3 i53,1 .50.6 49.1 76.1 

.- 21, 15-24 8/11/94 2 D 5jj 42.3 42,.& so; i 49.2.,,!lis;a·:12.a ~-11 17,5 11,:3 61 ;it 63,9 'Ii.a 68.7 st:s 6&.e 64.3 62.5 59.9 59.0 57 .2 55.5 53~8. 52A 48,.8 76.0 
22 1s:2a a,1111-i 2 Fi v i. s1 35.1 41;0 4s.a· 41;0 4i.2 5il;a 5&.2: so;a csi.1 11.5 11 • .t' 12.1··11;1 ea:4 e1~1 ,85.1 &3.4 61.t s9.1 !i1.6 s1.1 ss.2_ s4.1 s2.1 11.a 

. 23 11;~ 8/~i9~ . 22 v ~'.7.42,0 44,5 4CS.5 its.~ ilo~i sil,_, se.:, ~7'.8 114:.:1_ 11~.i ~73-.·• 73.o &s;2 ii.a &$.o &3.9 62.a 61.4 st.:s 59.2 59.3 sa.:1 _ 56. 153.6 78.3 
·.- 24· 11-19 8/3/94 · · tt _47 .29;0 4cr •. a 38~2 41.8 44.& 52.9.51.1 54,5 55~5. &1,s.1111._s 64.2 &6.6 .63.9 !12.6 62.5 60.0 58.5 .. 51.7. ss. 7 sv, ·so_-.5.47.7 45.2 .12.1. 
- 25 1&•25 Bf-3/94 · 2 . v 51 37.3 37.9 45.& 49.4 _52.6 !14.4 so.+ 54.i 60.8 sa~3cila. 1 82.s 11s. i 67.o 12 •. 2 6s:9 64.4 ti2.1 61.0 s1 .'9 55.& 5,i;o ,52,0 41: 7 13.s. 
26 16,27 ,t/3/94 .- 2 sa 57 35.7 37.2 44.7 49,6 se.o s2.s·114,5 ss.,1 so.a 11;9 ~;11 63.4 6'7:1 &5.9 ilS.7 i4.9 12.Q.;59.1 57 .• 7 56.3 53.a 53.2 48.4 't6.5 
21 1&•34 iJa/94 · · 2 v. · s2 41.a 42:1 4oi9 e1.8 so.9. 13.s sii.11 ro;o css~9 65:i ir .a ss.9 65.'9 65.4 11~:4 14~0 64.5 62:1f 81.9 5a.1 59;3 i;1,s ss.3 s4:4 til.6 
28 16-42 8/3/94 ,2 V 57 50.0 37.15 IIQ.9 58.4 53.7 CS0,2 57.9- 56.5 58,0 12:0 Ill.CS ·119.5 64.4 69.3 68;4 66,3 64.1 63;0 60.2 58.8 56 .• 3 55.1 52.4 48. 7 77 ;1 
29 16•44 8/3/94 2 DV . 48 38.8 32~il 41.1 49.7 4i.3 52,8.054.7 54. 7 49,1 54.2 58.2 65.9 .62.5 62~8. 58.9 57. 7. s~.6 52,8 49.6 49.2 _47 ;4 45;6 44.6 40. 7 70. 7 
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s D 
N 0 A A 
U B T X 
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1 17-1 12/18/92 2 
2 17-2 12/18/92 2 
3 17-20 12/18/92 2 
4 17-21 12/18/92 2 
5 17-26 12/18/92 2 
6 17-31 12/18/92 2 
7 17-39 12/18/92 2 
8 17-44 12/21/92 2 
9 17-55 12/21/92 2 

10 17-58 12/21/92 2 
11 17-57 12/21/92 2 
12 17-62 12/21/92 2 
13 17-67 12/21/92 2 
14 17-71 12/21/92 2 
15 17-74 12/21/92 2 
16 19-5 11/18/93 2 
17 19-14 11/18/93 2 
18 19•22 11/18/93 2 
19 19-26 11/18/93 2 
20 19-29 11/18/93 2 
21 19-31 11/18/93 3 
22 19-39 11/18/93 2 
23 19.43 11/18/93 2 
24 19-44 11/18/93 2 
25 19-52 11/18/93 2 
26 19-57 11/18/93 2 
27 19-58 11/18/93 2 
28 19-82 11/18/93 2 
29 19-67 11/18/93 2 
30 19-74 11/18/93 2 
31 19-79 11/18/93 2 
32 20-53 09/30/92 2 
33 20-62 09/30/92 2 
34 20-66 09/30/92 2 
35 21-1 12/08/93 2 
36 21-2 12/08/93 2 
37 21-3 12/08/93 2 
38 21·4 12/08/93 2 
39 21-9 12/08/93 2 
40 21-12 12/08/93 2 
41 21-13 12/08/93 2 

s 
V X L p 
T H C D 

F H L 49 
V H 45 
FS V 49 
SB H 54 
V H 47 
V V 53 
V V 59 
V 49 
V 52 
F 54 
F 62 
F L 53 
FS 58 
T 47 
F U 45 
V H 47 
DV 48 
u , 44 
C 47 
V H 47 
TB 44 
V 47 
FS L 42 
V H 52 
C 50 
FS V 43 
V 52 
V H 59 
OT V 53 
FS 49 
T 50 

Figure C-4. Medium Trucks & Buses - Level, Non-Controlled Access Roadways 

1 3 L 
1 2 6 M 

1 1 1 2 2 3 4 5 8 8 2 1 1 A 
5 8 8 0 2 8 0 5 1 0 0 3 0 1 5 8 2 5 5 4 5 3 8 0 X 
0 3 0 0 5 0 0 0 5 0 0 0 0 K K K ic K K I( K K K K A 

43.6 39.8 48.9 44.9 47.3 52.8 155.3 59.2 59.8 11.7 1515.7 67.1154.6155.6 154.4 151.5 61,759.9 58.0 55.5 53,551.6 49.5 46.1 76.5 
38.7 41.7 47.2 40.7 59.7 154.9 54.15 58.2 151.9 57.9 515;7 152.3 152.4 62.0 151.5 61.1 151.1 62.357.5 54.1 51.1 49.0 45,843.6 72.9 
38.6 42.3 44.7 48.15 56.9 54.4 57.0 57.0 151.3 58.3 152.3 158.6 154.3 615.9 68.0 68.5 157.4 67.2 83.5 60.8 59.4 55,752.3 47.9 77.0 
42.1 41.4 515.1 51.0 56.4 51.15 59.15 157.9 59.4 59,8 153.3 154.1153.7117.3 67.4 65.2 63.9 65.8 63.9 60,8 57.4 52.8 49.1 46.4 76.2 
43.2 45.0 41.0 48.4 515.0 112.0 57.3 511.6 58.4 515.5 59.0 64.15 63.15 62.5 153,2 61,9 111.4 58.7 56.4 53.3 49.2 46.6 45.6 41.8 72.7 
42.4 44.3 415.0 415.5 62.15 52,8 515.2 59.2 1515 •. 5 71.4 157.1 156.8 72.1 68.1 159.2 68.9 67.5 66.3 63.4 59.3 56.8 54.4 50.8 46.1 79.2 
41.4 44.15 41.7 52.0 82,5 515.2 511.7 59.3 65.2 88.1 65,15 83.5 615.15 158,15 159.0 66,4 157.5 67,162.9 60.3 59.0 55.7 52.1 46.9 77.7 
40.7 415.7 48.7 53.2 111.3 52.15 515.8 58.15 152.8 88.1 59,9 63.3 75.4 65.0 64.9 64.8 63.5 62.3 59.4 55,9 53.3 49,947.4 44.7 77.9 
39.2 37.a 45.2 42.5 55.o 49.3 55.8 84.8 53,11 53.5 58.7 114,2 &8,8 &4.9 &4.2 511.1 &4.o &2.8 60.1 59,457.1 53.2 49.9 46.2 74.7 
39.5 43.0 47.8 58.2 54.4 59.4 154.7 155.9 112.7 153.9 71.7 82.5 63,6 66.0 65.4 64.2 63.3 61.5 57.15 54,7 53.3 50.4 47.2 44.3 76.7 
40.5 40.8 49.1 52.15 58.0 55.0 57.4 150.1 62.2 154.2 159.7 65.1 66.4 73.15 68,7 67.3 66.0 65.6 60.4 57.0 54.3 52.5 49.1 46.0 78.4 
38.8 39.4 43.1 47.1 50.7 52.8 55.9 59.0 111.4 59.7 60.1 150.6 73.5 65.0 65.5 66.0 65.6 65.4 63.3 59.4 57.3 54.8 52.4 50.5 77.0 
41.2 38.2 42.9 44.0 47.2 48.2 52.3 51.7 153.5 58.157.4158.8 157.5 68.8 69.2 66.4 63.2 60.7 58.0 56.0 53.4 52.1 49.8 46.6 76.3 
43.5 40.0 48.9 49.8 50.3 54.0 69.4 59.15 71.1 70,082.4 84.2 66.7 69.2 66.9 65.6 63.9 62.9 59.3 56.4 55.0 51.8 48.5 45.6 78.2 
42,850.7 47.2 53.5 50.5 47.2 ISO.Ii 57.11511.0154,15 81.5 515,3 63.3 153.5 155.9 64,8 62.3 60,557.9 56.0 53.6 50.4 48.7 44.9 73.6 
39.0 38.15 43.4 47.4 47.4 49,753.0 54.4 58.5 58,3 59.8 153.5 1511.0 158.15 615,4 63.0 114.4 111.5 151.3 58.5 55.2 53.8 51.2 46.9 74.8 
43.15 41,741.3 47.1 54.7 50.15 55.7 58.170.3158.9 1515.2 73,470.3 73.11 71.3 1115.7 66.0 64.4 62.7 60.7 56.8 54.0 50.0 47.3 80.4 
40.7 53,045.2 58.9 57.7 82,!I 59,31515.5158.4 153.8 155.2 71.8 156,4 158.1 68.9 65,3 64 •. 8 66.0 62.3 59.6 57.6 57.5 53.9 48.7 78.4 
43.2 42.1 52.2 48,153.3 50.8 58.5 54,1 515.9 59.160.2153;0 615.0 157.11 65.1 111.8 60.8 58.4 57.7 56.0 55.3 54.1 55.2 52.4 73.9 
44,8 44.3 415,253.3 111.1 57,257.4 59,181.8 83.5 157.7157.0155.8 69.9 66.15 65.1 65.7 64.1 60,8 58.7 56,152.2 51.0 46.8 76.9 
43.1 45.4 415.2 415.9 155.8 58.7 55.0 155.1154.41515.2 156.9158.910~8 12.3 68.2 68.5 66.5 65,2 62.2 60.0 58.3 55.5 53.1 49.0 79.2 
41,11 45 •. 6 45.5 53;4 57,558.9 159;5 59,15 112,272.5 155,9 1515,9 159,311.0 71,0 157,6 159.0 69.8 64.8 61.9 57.5 55.2 53.0 49.3 80.1 
39.5 42,647.7 153.15 !12.8 55,255.3 57,7 515.9 153.4 151.2 157.4156;4157.5 65.1 65.0 66,666.3 154.1 63,761.9 60,9 .58.2 54.9 76.8 
39.0 43.5 42.8 49.5 54,4 !52.0 59;3 58.4 80,958.7 !58,15 70.2 55;4 159,064.1 62.5 65.1 64.1 62.3 60.3 57,8 55.1 53.1 48.8 76.1 
48.2 50.0 50.7 48.8 48.2 !14.8 151.0 !115.7 57.0 !19.3 154.7158.2 157.8 66.5 155,965.3 64.8 62.7 60.2 57.8 54.8 55.3 52.3 48.0 75.9 
42.8 47,350.4 74.15 52.2 54;9 1515.2 59.5 154.9 72,9 715.5 715,571.0 76.7 76.7 76.9 75.0 16.1 75.3 68,6 154.6 59.6 51.1 48.3 86.2 
38.5 42.5 43.3 43.15 50,451.9 58,8 54.2 57.3 59.6 152.9 153,1 157.2 157.9 68.3, 65.0 61,4 60.1 58.1 55.1 53.0 51.5 48.4 44.8 15.0 
48,152.4 54.0 !12.11 88;3 82.5 150.15 112.8 83.0 85.5 67.8 69,070.9 72.2 67.3 67.6 157.2 157.2 65,762,460.4 57.7 55.0 51.3 79.4 
40.1 44.0 49.0, 51,359.3 !59.3 157.2 87.15 154.11 1515.5 70.7 71.9 69.8 159.3 66.7 65.5 65.3 64.9 62.6 59.8 58.2 56.3 53.5 51.0 79.3 
41.7 46.8 41.3 !1!1.15 50,8 51.8 !54.3 51.8 52.7 59.8 61.2 154.6 159,1 66.15 158,3 154.8 153.1 61.3 59.0 57,7, 56.1 53.9 51.1 48.7 75.4 
41.1 52.3 41.7 63.1 57.1 65.8 70.0 715.2 87.1 159,872.1 69,4 72,2 159.2 157.1 66.9 66.3 63.7 62.4 59.8 58.1 56.6 54.6 50.7 81.6 

V H 42* 37.3 39.1 41,7 57,150.15 53,8 56,9 55,15 62.2 59.5 65,070.7 155.0 66.1 64,764.2 62.5 61.1 58.1 54,5 51.5 49.0 47.3 44.2 75.6 
V H 45* 44,050,051.9 52,1 150.4 50.5 56,4 150.15 60,269.3 71.4 158.3 66,3 157,768.15 156.7 65.3 63,7 61,4.58.5 57.7 54.4 51.8 49.2 78.1 
F H L 40* 38.8 44,154.4 45.8 57.7 68,561.15 60.3 59,4 151,863.9 64,8 158.7 67.8 67.8 66,165.6 64,060.1 57.3 55.5 52.9 49.2 45.7 77.0 
T 43 39.3 41,8 42,11 52.0 48,457,058.7 111,557.4 159.5 71,1 151.2 67.0 67.3 67,867.7 65.1 66.3 64.6 60.3 56.2 55.5 53.0 47.3 77.9 
V H 49 40.4 39,155,251.0 48,150.050.4 52,453.9 55.15 515.3 110.3 156.0 66.8 66,668,667.6 64.0 151.9 58.2 54.7 52,3 50.8 47.2 75.4 
V 58 43.4 42.1 47,4 51,0 51.15 53,2 58,2 515.0 153.8 69.15 112,0 151.8 155.6 68,872,370.0 157,4 65,0 61,5 59.2 55.8 53.1 51.3 47,278.2 
V 45 42.6 48,845.15 47.9 60,857.1 57.2 57,360,865.9 64.9 117,968.6 70.1 73,371.2 69.7 67.6 65,062.2 59.7 57.9 53.8 50.0 79.6 
G 56 40.4 47,950.7 51.9 152.4 55.4 154,8 152,364,962.0 68.2 153,768.6 70.2 71.4 70.5 69.8 69.3 66.3 64.1 61,759.9 57.6 53.2 79.6 
TB 52 40.9 45.7 47,948.7 56,459.0 59.4 58,756.3 61.3 69,0 65,2 63,172,172.8 70.0 67.5 66.9 65.9 63,159.2 55.1 52.0 48.3 79.1 
D 45 39.5 39,8 50,4 53.6 49,6 155.6 112,467.9 113.9 112,5 68,5 66,15 69.2 68.3 68.9 70.0 68.9 65.9 62,461.0 58.1 56.3 52.5 47.6 78.8 
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Figure C-4. Medium Trucks & Buses;. Level; Non-Controlled·Access Roadways 
(Continued) 

1 
1 2 

1 1 1 2 2 3 4 5 5 8 2 
5 & 8 0 2 fl 0 5 1 i> 0 3' 0 1 5 & 2 5 
0 3 0 i> !5 0 0 0 5 0 0 0 0 K K K K K 

3 L 
& M 

1 1 A 
5 4 5 3 8 0 X 
K K K K K K A 

42 21.~16 12iOB/93 2 V 
43-21-1&-12/08/93 2 - F 

45 45.8 44.o s2~2 so.o s9.8 s4.a sa.s &1.t 114;4 11.0 &f.8 &is.1 10.3 &&.7 &is.3 &8.4 &7.3 64.a 62.1 61.o s9.2 56.5 s2.4 49.6 eo.o 
L 5240.3-:4!h5-43.9-52,0 55.'3 53.152.'254,0~5&,3 511.3:54,4-114,3 71.0 7h8 72.0 72.1 59,9 70,0 &15.5-64,1 53.1-60,3 54.849~3 BOA 

44 21-23-12/08/932 - ·., 
45 21-2& 12/08/93 2 V H 
4& 21 •33 12/08/93 2 F.S 
47 21-34 12/08/93 2 FS 
48 21·3512/08/93 2 T V 
49 21 ~40 12/08/93 2. TB 
·so 21-42 12101/93 2 v 
5.1 21 ·43 12/08/93 2 TB 

47 -46. 7 44.4 49. 7 52,.8 53,3 54.7 55.2 58. 7 80,9 157.5-69.8 153;.1 69.0-7'3,4 7-1,1--69.8-68.4 67 .• 4.:...63.4-60,8-59,-1-56.6-53,-1-48.5-7'9.5---------
52 40.5 42,a 49;1 47,7 s5.2 54,9 53,3 sis.is e1.e e1~1152;5 e2.3 65.1e1.511.0 10,3 eli.3 68.7 65,o 62.6 60.1 57.5 s8.e s1.4 77.9 
49 37,941.143.449;0 49,1 sis.2 49.e 53.!i se,3"5iJ,7 57.ii e2.i t4.o ee.4 12.e 69.2 66.e 63;0 60.6 sa.1 ss.6 52.1 49.6. 44.9 76.a 
37 31:s 40,e 4o.o 47,447.4 so.144;847.ci 49,1 s1;4 ss.2 !!5,7 &2.3 64.3 &e.1 67,6 66.o .62.e 60.o 57,2 54.o 52.3 49.9 44.6 73.7 
47 40.2 43.9 48.4 e'i,7 s:i;o 53.o 5e.2 esi;8 71.3 7&.a ei.o t7,3 71.& 69.& 70;3 69;il 67.1 65.5 64.9 63.2 61.9 56,6 53.4 48.9 e1.7 
51 51.0 48.3 45.5 47,785.9 49,3 53,758,255.5 83,4 58,9 60,15 85.2 65;9 69.6 68,165.0 65.9 62.7 60.3 56.4 53.8 50.9 45.8 76.4 
s2 31i.1 43.1 49.s s1.e sa.o s!l.a 5s;1 es;1 e1.o 153.4 5s.1 1s.s 68.967.1512.169.1112.1 68.1 64:7.61.9 s9.1 s6.1 s4.4 49.1 s1.o 
11145.3 41.e 4s.2 4&.1 61~2 41.a s3;e ssi., 6o.3 s11.11 sis.s 61.6 64.s 66.s.69.9 10.9 67,465.9 63.9 s9.3 s6.6 s3.3 so.s 45.6 n.3 
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1 22-3 10/01/92 2 
2 22-7 10/01/92 2 
3 22-27 10/01 /9.2 2 
4 22-33 10/01/92 2 
5 22-35 10/01/92 2 
11 22-39 10/01/92 2 
7 22-43 10/01/92 2 
B 22-52 10/01/92 2 
9 22-55 10/01/92 2 

10 24-5 12/14/93 2 
11 24-11 12/14/93 2 
12 24-13 12/14/93 2 
13 24,14 12/14/93 2 
14 24-22 12/14/93 2 
15 24-25 12/14/93 2 
16 24-32 12/14/93 2 
17 24-311 12/14/93 2 
18 25-1 12/13/93 2 
19 25-2 12/13/93 2 
20 25-4 12/13/93 2 
21 25-5 12/13/93 2 
22 25-7 12/13/93 2 
23 25-8 12/13/93 2 
24 25-9 12/13/93 2 
25 25-10 12/13/93 2 
211 25-14 12/13/93 2 
27 25-15 12/13/93 2 
28 25-17 12/13/93 2 
29 25-19 12/13/93 2 
30 25-20 12/13/93 2 
31 25-22 .12/13/93 2 
32 25-26 12/13/93 2 
33 25-27 12/13/93 2 
34 25-29 12/13/93 2 
35 25-30 12/13/93 2 

Figure C-5. Medium Trucks & Buses - Upgrade, Non-Controlled Access Roadways 

1 3 L 
2 6 M 

s 1 1 2 2 3 4 5 11 Ii 2 1 A 
V X L p 5 6 8 0 2 II 0 5 1 0 0 3 0 1 5 11 2 5 5 4 5 3 8 0 X 
T it C D ·o 3 0 0 5 Ci 0 .() 5 0 0 0 0 K K K K K K K K K K K A 

V V 50* 50,7 44.G 47.11 48,0 49~1 50,1 52,7 !15,3 54,0 51,9 58,2 115.8 69.1 118.4 85.8 &2,1 62,460,858.7 55.2 51.9 50.6 51.6 44.6 74.9 
V V 49* 39.9 50,!I 48,7 115,554.3 55.5 54,7 59.9 57.7 54.0 75.1 114.8 65.4 115.9 64.0 111.4 111.1 59.5 56,11 55,153.6 50,549.2 44.0 77,5 
D V 44* 32,953.7 55,359.5 57.2 118,3 58,1173,8119,9 58,2 114,7 118,9 711,3 74,2 72,971,570.8 69,484.0 62.1 58,555,752.6 48.4 82,6 
V H 45* 41,2 44,8 49,4 51,154.4 53;7 85.0 58.4 58.4 83.2 82.1 112.3 85.3 118,4 117.0 82.7 61,8 60,1 58,11 54,2 51.0 48.2 46.4 41.8 75.0 
V V 45* 41,2 45.8 51.3 53.1 52.11 58.8 58,4 1511,5 111,4 IS0.1 115,8 87.11115,2 70,169,4117,3 64.4 112.5 59,756.8 54,451.2 50.2 45.0 76,9 
V H 40* 42.8 411.0 52,450,448.7 !13.0 53.2 58.7 !17.& 54.3 55.1162,4115.8 118.3 67.0 64.8 63,160.8 57,4 55,153.8 50.3 48.3 43.9 74.4 
D HU 48* 31,7 41,0 50,0 411.2 !14,0 51.4 110,752,954.7 57.11 54,570.1 76.4 70.8 1111,3 62.8 59,7 59.1 58,1 55,553.3 51.5 51.5 47.2 79.0 
D VU 50* 33,342.7 4!1,2 117.4 48.2 !12.1112.85!1.8 110;1117,9 1111.7 118.7 117,071,869.8 117.165.063.9 59.2 57.1 56.1 52.5 51.3 45.0 78,4 
D VU 48* 39.3 311.11 45,7 54.3 51,857,252.5 55.9 57.9 113.185.3115,3 69.2 73,368.8 85.0 112,162,059.2 55,7 52,8 50.0 49.8 43,6 77,5 
V H 49 40,4 42,1 45.0 45.1 511,3 55.!I 58.2 59.2 111,1 118.0 115.11 1!13.3 118,9 72,3 71,3 69,2 118,5 611.7 62,9 59 •. 8 57.4 55,3 51.5 47.5 78.9 
V H 43 40.9 43,7 48.3 42,1 45.1 53.9 59.7 59.7 88.3 72,3 115.1 65.1 87.8 .117.4 611.3 119.0 67.6 67.3 63.7 63.0 64.5 63.0 59,0 55,7 78,9 
V ·45 48.9 611,345.0 55.Ci 55,9 111,258,271.11 71,1 117.7 73.2 74,9 76,7 77,172.8 75.6 70,170,2117,4 68.5 63.6 57.1 55.3 53.6 84.5 
V 47 38.7 49.7 48.5 51,159.0 51,2111,2112,2 78.11110,1 111.4 85,065.8 69.5 67.0 64.3 64.3 62,359.9 58.0 55.0 55.6 53.6 49.6 79.2 
D 48 40.11 49.1 112,5 58.9 511.4 114,3 118.7 69.9 72.8 75,7 73,11 74,1 711,176,376.11 73.5 74.0 75.9 73.3 79.2 76.8 70.6 70.2 66.8 87.2 
V H 38 44,9 58.5 411,1 44,7 53,5 50.1 110,181.5 83,1115,1117.0 84.0 811.7 70,568.4 611.2 64,6 61,0 59,158,756.6 54.1 50.6 49.4 79.7 
TB 43 411.7 45.2 41.5 411.11 49.8 71,473.1 111,058.2 59,S 1111,0 1111,1 114.8 68.166.31111.2 68.3 64.4 60.2 57.9 56.3 53.9 50.6 46.0 78.6 
V 45 43.11 50,5 47,11 48.5 49.11 53.5 59.5 58.5 111.3 117.2 89.2 65.5 70.0 69.3 87.8 67,7 65,5 611,0 62,6 60.,0 57.0 53.3 50.6 47.4 77.9 
V 45 42.t 43.4 50,7 54,7 113,1 511,1115,8114,3 112,5 114.3 113,9 &9.4 69.1 69,2 118.9 68.1 67.0 64.0 111.4 58.3 56.3 53.3 52.4 48.6 78.2 
FS L 4i· 44,145.4 55,4 111.7 58.3 80.8 114,781.8 83.2 81.0 114,7 1111,8 116,2 70,0 70,5 66.2 67,5 66,564,759.6 56,4 53.2 50.9 47.8 78.1 
T V 411 39,5 51,1 48,9 52,0 114.0 1111.9 1111.3 77.1162.0118.1 68.3 89.0 68.9 70.4 71.6 70.2 68.7 66.9 63.1 61.5 58.3 55.8 52.2 48,281.8 
FS L 44 43.8 43.3 49.3 62,4 59.4 115,3 60,11117,9 64,0 69,2 77,0 70,1 76,5 75,5 72,174.4 73.9 71,869.7 68,067.0 67.8 66.1 61.2 84.5 
U 55 39,7 39,147.2 51.3 58.1 54,765.5 64.2 64.183.7117.5 70,672,275.8 73.6 72.6 71.8 70.2 66.8 63.2 59.6 56.0 53.6 49,9 82.0 
PU 56 41.1 40,5 41,9 52,9 54.3 52,7 55.3 81.3 59,0 57,5 80.3 67.8 71,5 71,0 73,0 68.4 68.0 66.,0 62,1 57.9 55.3 53.0 51.3 46.8 78.9 
V 54 46.4 45.9 57.0 59,562.5 83.5 116,867,471.9 117.4 72.3 72.0 73.2 71.5 69.3 68.8 68.6 66.5 63.2 61.0 57,6 55,153.6 51.8 81.4 
F U 49 40.7 45.6 44,1 71,8 57,7 60,7 57.9 60.5 110,358,861.8 65.8 68.6 68,2 67,8 66,5 66,7 64.7 62,6 60.2 54.2 51.4 49.4 45.3 77.9 
V 48 40.5 41,343,949.1153.9111,3 113,863.1 63.1 82.7 67,467,365.1 67.1 67.2 65,765.9 62.7 59.5 56,7 54.0 51.5 49.2 45.5 76.6 
V H 58 39.0 43,5 53,3 411,11 50,1 51,4 55,9 511.6 59,8 59,1 112.9 86.2 71.4 69,867.7 65.2 65,3 63.3 62.2 59.5 54.9 54.3 55.3 50.2 77.1 
D 66 45,1 42.4 53.1 48.3 58.8 5.8.0 59,fS 62,2 112.3 63.1 611,6 68.1 70.8 71.2 71.6 12,6 69.8 69,8 67,7 64.5 65.2 63.2 59,9 55.1 80.5 
U H 40 38.3 43,2 41,5 45,2 49,3 113,557.2 113.5 61.0 58,3 111,0 65,7 66,867,565.2 63.9 62.6 63.8 61.1 57,053.6 52.7 50.6 49.1 75.5 
U H 58 38.8 40.3 48.0 44.0 51.6 111.1 111,8 59,9 59.0 62.0 83.5 118.3 71.11 74,470,368.6 66,1 64.8 63.8 61.3 57.6 55.9 53.0. 49.2 79.5 
D L 50 40.6 45,7 51,9 50,1 54,2 54,11 57.4 63.8 74.7 57,865.7 70.0 89.8 87.5 68.0 67.1 67.9 63,9 61,9 58.4 55.1 51,949.5 45.11 79.3 
F 51 40,139.9 42.0 47.7 51.9 55.0 63,1 58,0 57,158.5 110,969.2 70.5 68,1 67.1 67,0 65,9 64.4 61.5 61.5 56.3 54.7 52.2 48.5 77.2 
V H 52 48.8 50,2 51,1 511,5 55,4 77,8 111.2 63.3 63.3 69,567.0 119.7 71,270.8 70.6 70.4 69.1 67.5 63,260.2 56.2 53,851,447.5 81.9 
F L 52 38.5 42,0 45,2 48,150.4 70,6 58.7 63.1 111,659.2 63.5 69,4 68,11 72.0 70.7 611.1 67.9 66.6 64.7 65.6 65.0 63.5 60,2 56,8 79.6 
V H 54 38.3 44,3 48,151,358.2 53.9 59.1 62.3 68,1119,8115,4 71,11 69,4 66,567,367.2 66.3 64,460.3 58.3 53.9 52,250.0 46,2 78.5 

36 25·31 12/13/93 2 F 51 41,042.0 43.9 47.9 49,759.5 53,063.3 68.3 58,0 113.4 71,867,388.4 68,9 67,0 85,6 62.9 61.8 59,6 56.0 53,449.3 46.0 77.9 
37 25,33 12/13/93 2 TB H 411 45.7 43.2 53.9 47,859.1117,11112.8 62.7 62.8 62.8 62.0 68,169,370.8 71.3 72.1 71,8 68.6 64.0 62.2 61.6 58.3 56.4 52.0 80.1 
38 25-34 12/13/93 2 V H 40 39.1 40,6 54,4 48,0 110,2 53.3 53.2 511.1158.8114,7 84.5 72.4 69,3 66,11 66.1 65.8 65.0 63,6 60,6 58.7 56.6 53.4 50.7 48.8 77.5 
39 25-36 12/13/93 2 D L 45 43,1 43.8 45.2 55.1 52.2 63.4 76,0 75,9 71.9 64,3 67,8 67,7 69.5 69,4 68,0 65.6 67.5 65,4 62,2 58.1 54.0 51.6 50.1 47.2 81.8 
40 25-37 12/13/93 2 V 50 42,8 48,5 49,3 51.1 62.9 56,860,859.4 57.0 59,466.5 67,466.8 68.3 72,668.3 66.5 67.6 66,2 63,3 60.3 57,3 54.0 52.3 78.5 
41 25-39 12/13/93 2 DV 47 40,839.5 43.3 53,0 51,2 55.5 55,957.5 70,664.0 65,7. 117,7 66,11 65.5 85.4 63,6 113,361.5 58,7 57,154,451.9 50.0 46.4 76.5 
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Figure C-S. Medium TruckS & Buses - Upgrade, Non-ControUecl Access Roadways 
- (Continued) -
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49 ~4.3 39.7 47,9 4$.2 49.t 51.& 51.1 _ii&.3 115.2 ist.3 &0.4 &1.o 10.1 69;7 e1.2 a1.s 65,7-&4.9 ~1.:1 57.5 54.9 5a.6 51.9 47.3 76.9 -
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1 26-3 12/20/93 2 
2 26-4 12/20/!3 2 
3 26-12 12/20/93 2 
4 26-13 12/20/93 2 
5 26•1!1 12/20/93 2 

·IS 2s-1a 12120193 2 
7 2s-20 l2/20/93 2 
i 26•22 12/20/93 2 . 
9 26-24 12/20/93 2 

10 26-25 12i20/93 2 
1126-2712/20/93 2 
12 26-30 12/20/93 2 
13 28-2 12/06/93 2 
14 28-3 12/06/93 2 
15 28-!I 12/06/93 2 
115 28-7 12/015/93 2 
17 28-14 12/06/93 2 
18 28-18 12/06/93 2 
19 28-23 12/06/93 2 
20 28~25 12/06/!13 2 
2128-2612/06/93 2 
22 28-31 12/06/93 2 
23 28-32 12/06/93 2 
24 2843 12/06/93 2 
25 28-34 12/06/93 2 
26 28-35 12/06/93 2 
27 28-50 12/06/93 2 
28 29·3 11/30/93 2 
29 29-17 11/30/93 2 
30 29-18 11/30/93 2 
31 .29-21 11 /30/93 2 

Figure.C-6. Medium Trucks & Buses - Downgrade, Non'-Controlled Access Roadways 

1 3 L 
2 s M 

s 1 1 2 2 3 4 !I s a 2 1 A 
X L p !5 11 8 0 2 e 0 !I 1 0 0 3 0 1 !I 6 2 !I 5 4 5 3 8 0 X 
H C ti 0 3 0 0 5 0 0 0 !5 0 I) 0 0 K K K K K K K K K K K A 

V Ii 49 43.7 45.2 50.!5 49.7 44.!5 415;4 53.0 52;s 55.7 !1!1,8 55,7 82~1 IIIS.8 .67.1 63.9 62.7 60.3 59.0 56.0 53.S 51.2 48.0 46.0 43,2 73,1 
v 55 41.7 39.2 !12.4 4Si.1 111,1110.2 59.o !54.0 54.!I sit7 11&.1 113,4 as.5 67.2 1111.s 1111.2 64.2 &2.!1 59.1 56.5 54.3 52.1 48.3 44.a 75.5 
V 53 41.3 43.!5 4&.1 48.4 50.5 53.1 57:258.2 5!5.5 111:11119.9 7L7 117,0 117.4 157.9 65.3 114.2 111.7 60.2 59.7 57.7 54.9 52.8 48.1 77.4 
v 111 43.B 411.2 43.!5 48.8 58.4 54.5 57.7 !59.7 110.157.21111.0 115.7 68.7 70.!I ea.a 69.4 111.11 66.!I 63.o 60.4 57.4 54.0 50.a 48.3 77.8 
V 58 45.0 40;4 45.!I 47.0 52.IS 54~2112.5 49,B 57,5 113,7 83.!5 811.8 75.4 71.4 72.0 159.4 157.7 65.9 62.0 58.7 56.6 53.5 50.5 47.1 79.9 
F s2 3fi,11 411;1 44.4 411.7 1111.2 53.s 53;1 !5t.o 5i!d 111.s si.4 115.s 119;5 119.9 119.3 111.a 111.5 as.a 113.1 s1.1 5a.2 54,7 51.4 47.a 77.3 
v !I& 42.1 41.C> 45,4 s1.1111;2 113.s siid 112.t 153;0 11:i.2 114.9 11i.a 10.e 69.!I 110;11 10.0 st.1 as.o &2.a 110.2 sa.o 55.4 51.1 47.0 78.5 
D V . 5B 42.8 51.3 53.8 59 •. 2 58,7 57.8. 59;7 59.0 1111.2 115~0 71.3 73.0 71.11 72.!i 75.9 71,5 .72.7 70.0 71.4 157 .9 152.4 61.8 55; 7 50.0 82. 7 
D i. 88 37;1 42;1 51,2 sa:154,11110.ci 57;9 1SL4 112.!I 111;1 114.7 71.9 72.3 7L1 72.4 71.1 158.11 67,863.3 61.4,59.1 56.B 52.3 48.3 80.3 
V !59 37.8 41S.9 4&.5 49;1 110.9 54.4 !17d !51S.O !57.3 ISO.IS 154.2 155.!5 117.2 70.7 72.1 70.7 67.2 155,9 62.7 ISO.ii 58.6 57.0 51.3 47.5 78.4 
V 57 42.1 52.8 45.1 48.1 52.2 53.4 !1'1.ci 58,8 58.2 !lii:7 15!5,!5 84.IS 159.1 69.3 67.7 1515.2 64.3 61.9 59.3 56.5 54.6 51.7 48.4 46.7 76.3 
u 
V II 
V Ii 
V H 
V H 
V ti 
D y 
v H 

!59 40.1 .411.0 41.9 47,154.7 ISO.II 515;9 59.15 55.9 58.3 111.!I 119,0 15!1.4 117.3 6!5.8 64.9 62.7 60.8 58.ii 56.il 54.8 53.0 51.1 48.3 76.0 
57 41.2 411.5.52.9 55.0 55;4 58.8 Ill.ii 68.111!1.815!5.7 68.3 71.7 73.0 159.0 68;7 65.3 62.!I 61.1 59.3 56.3 54.7 51.8 49.3 45.3 79.3 
!53 42.11 47.11 415.4 45.9 52.0 54.'7 sis.a 59.4 .!19.0 69.8 117,1 1111.3 66.5 69.9 65.9 63.1 60.0 57.!I 511.9 53.7 51.8 48.8 45,9 43.5 76.5 
41 42,4 43;11 45.4 47.9 48.1 49.5 54.5 !14.9 56.8 52;!1 52.8 57.7 59.8 60.6 62.4 64.0 60.1 57.3 54.0 52.2 51.8 50.4 44.6 42.5 70.4 
sa 44.& 42.9 411.a 119.o 53.ci 51.2113.!5 ssi.11114.5 1111.4 11.2 74.e 11.0 68.7 sa.3 61.1 65.7 63.1 111.s 58.3 54.3 so.a 48.6 45.2 79.a 
82 39.!I 53.3°44.1 48.t 52,3 !10,8 151.0 59.4 86,063.2 71.7 70.4 70.9 73.7 69.5 67.6 64.ii 63.3 61.4 58.2 56.2 54.1 50.6 46.3 79.7 
44 37.:7 41.4 45.11 50.4 411.!i 53.2 154.3 112.1 1111.& 70,8 1111.11 eil.3 611.3 112.5 112.a 60.7 59.3 57.8 57.7 55.7 51.5 48.3 46.1 43.1 76.6 
!HI 40,2 45.4 50.9 41S.!I 51.1 54.7 1111,1 ISIS.O 61.4 112;9 72.3 74,11 117.6 65.8 54;1 63.3 63.1 61.3 60.3 58.1 55;0 51.8 48.1 44.3 78.9 

F H U 59 40.2 411;4 51.7 53.9 51.8 58.9 83,11110.7 1511.2 71.1 72.2 71.2 72.0 72.11 72.8 70.4 67.!I 65,4 63.5 60.2·57_4 54.2 51.5 47.3 81.0 
TR V 52 39.4 43.11 43.3 50.1 49.!5 51.2 511;!162.2111.1 63.!I 73,371.4 70.1 69.1 66.0 65.0 63.6 110;2'57.1 54.3 51.2 48.6 45.6 42.6 78.6 
V H 56 43.8 44,941.2 50,7 50.!I 51.2 59,1511.6150.2 155.!I 87.4 119.0 67.4 69.2 72.!I 70.7 67.6 64;8 63.1 59.9 56.3 53,6 50.4 47.6 78.8 
TB H 48 47.5 39.9 42.1 .48.4 50.8 59;5 !1.IS.4 57.7 73.11 151.4 114.7117.8 117,!I 68.2 157.4 154,8 154.!I 62.9 59.9 59.3 55.9 52.2 49.9 46.8 78.0 
V H 50 45.0 53.2 415.15 49.7 54.0 !Ill.IS 150.3 150.0 715,167.0 1515.4 &9.2 67.4 156.4 64.8 63.5 62.!I 111:11 59.1 56.3 52.4 49.3 46.8 44.0 79.1 
V H 55 40.8 415.0 43.2 47.8 52.4 53.2 515.3 57.!5 152,2 159,IS 69.,!I 70.0 73.9 70.8 159,8 118.0 65.3 62.9 61.2 59.0 56.2 54.7 51.5 47;4 79.6 
V H 49 40.2 40.2 49.9 44.3 49.8 48.3 51.8 54.7 59;3 62.!I 157.9 IS9.2 615.1154.4152.6 61.2 58.9 57.9 57.3 54.9 51.5 49.5 47.6 44.8 74.8 
F. H 44 36.5 39.3 43.4 !14.0 54.15 49.0 59.!I 111.!I 71. 7 69.0 155.0 154.8 65.0 615.3 65.5 64.2 63.1 61.4 .60.4 59.1 56.9 53.2 52.3 47 .1 77 .1 
V H 40 48.!I 38.15 43.1 45.0 415.4 49.3 53.3 55;7 55.0 52.2 58.1 59.4 58,2 57.858.3 58.5 55.253.7 51.5 48.7 46.6 43.5 42.1 41.1 68.1 
V H 30 39.2 39.15 150.8 47.0 57,157.9 515.5 152.0 71.9 155.2 111,9 59.9 150,059.8 59.0 57.0 81.1 53.4 50.8 53.3 46,444.8 41.15 40.5 74.9 
W 43 40.0 45.5 45.7 515.8 58.0 53.5 53.957.2153.8 55.4 57.3 155.15 815.3 62.!I 153.3 60.7 59.3 56,5 55,2 54.2 51.4 48.3 45.3 43.2 73.1 
TB 311 38.7 41.7 43.o 4&.o 54.3 49.o 53.4 sa.a 53.1 as.9 11.9 110.IS 114.o ss.s 110.4 110.1 sa,11 111.2 53.9 111.9 49.9 47.4 43.9 41.6 15.1 

32 29-24 11/30/93 2 T V 40 36.!I 41.8.51.0 47.4 57.2 54.2 53.1 57.1 55.11 62.0 59.!I 60.4 65.4 150.!I 62.0 62.7 65.9 60.2 58.1 55.5 53.2 51.2 47.2 45.0 73.0 
33 29-36 11/30/93 2 V H 33 42.2 43.4 50.3 50.2 53.8 52.1 54.9 53,!I 150.2 157.4 59.3 59.8 59.5 59.5 58.7 151.2 58.!I 57.5 55.2 52,6 50.5 48.4 44.1 42.1 71.9 
34 29-40 11/30/93 2 TB 41 39.7 39.7 42.8 49.9 52.8 51.4 54.0 55.2 55.15 157.9 515.8 150.8 112.2 111.8 61.1 151.4 58.5 57.8 55.9 52.6 51.2 48.3 45.4 43.6 72.4 
35 30-8 12/02/93 2 V H 49 46.9 48.2 57.8 59.7 57.8 59.1 82.8 112.8 81.4 63.0 63.5 71.4 .70.8 69.7 69.0 68.8 68.2 66.3 65,0 62.8 60.3 58.8 55.0 50.0 79.1 
36 30-14 12/02/93 2 V H 39 41.5 42.8 !12.7 55.5 54.2 515.3 66,9 611.9 73.4 61.160.3153.3 63.2 63.0 63.8 65.2 62.1 57.8 55,1 53.2 50.7 48.1 46.243.2 77.0 
37 30·15 12/02/93 2 F V L 44 38.8 42.8 45.4 49.7 51.8 51.5 55.1 57.8 56.158.9158,!I 157.2.65,7 67,8 154,865.0 63.8 60.5 59.4 55.8 53.2 50.4 49.7 44.5 75.2 
38 30-39 12/02/93 2 D H L 48 43.!I 46.0 53.6 52.15 56.9 81.8 65.2 82.2 82.4 157.2 66.15 66.9 71.4 73.5·70,6 68.2 66.9 67.1 64,0 61.9 59.7 57.1 54.1 50.0 79.7 
39 30-43 12/02/93 2 V H 45 41.7 43.7 46.8 52,258.3 58.1 61.3 59.9 62.9 65.161.4155.8 64.2 155.2 67.5 65.5 64.4 61.8 59,9 58.9 53.7 51.7 49.0 45.3 75.6 



s o 
N 0 A A 
U B T X V X L 
MS E L T H C 

1 1-1. 10101792 3.2 v v 
2 1.,2 10/07/92 3·2 V V 

Figure C-7. Heavy Trucks - Level, Controlled Access Roadways 

1 3 L 
1 2 6 M 

s 1 1 1 2 2 3 4 5 6 8 2 1 1 A 
p 5 6 8 0 2 8 0 5 1_ 0 0 3 0 1 5 6 2 5 5 4 5 3 8 0 X 
Ii 0 3 0 0 5 0 0 0 5 0 0 0 0 K K K K I( K K K K K K A 

47* 41.2 41~3 49.1 &1.9 54.7 58.7 !19.4 59.o 61.6 &6:8 1&.2 10.2 12~2 74.s 73.o 74.o 10.8 &8.3 &&.1 &~.5 &1.8 &0:9 57.s 54.3 82.1 
48* 35.7 44.0 47.6 65.3.58.0 61.1 63.9 63.6 62.064.2 70.2 75.872.0 74.4 76.0 74.9 73.6 71.3 69.8 68.6 66.7 65.0 61.4 56.5 83.8 

3 1-.3 10/07/92- 3•2 V · V 44* 49'~6 39. 7-52,2 52.3 70.4 83.2 57-.8-62,9 8!1,6 65,5 611.9 70,8 -7().3 74.6 74.0 74. 7 72.4 70.9 67.2 64.2 60.7~59.0 56.4 50.8 82.4 
4 1•4 - 10/07/92- 3·2 V V 45* -40.7 43.7 46,0 67.1 54.1- 80.6-63.0 83;9 -70.1 71-,2 72.6 73.5 74.5 76.4 76.1 74.6--72, 1 70.0_:57 ,7_65.2-62.L58.6.56.0_A9.3_84.0 
5 1-5. 10i07/92 3·2 V V 42* 37.4 41.9 53.9 47,5 55;3 57.3 !14.5 56.9 55.3 IS!l.4 74,963.1 69.6 75.9 74.2 75.4 72.0 69.2 66.6 63.7 60,1 58;2 55.7 48.9 82;6 
& 1-8 10101192 3.2 v v 37* 44.5 37;2 57.1 55.1 !12.5 54.S !14.li 157.4 &1.2 iso.1 75.B 155;4 7t.4 7&,& 12.il 71.8 69.9 66,6 62.6 59.8 57,0. 55.2 54.o 5o.o 112.0 
7 1.11 10/07/92 3~2 T V 42* 39.6 39;9 54.7 !1!1.2 55.4 !14.4 56.3 !19.9 &5.9 56.8 76.9&!1.9&9.3 77.3 72.5 72.7-70.4 68.1 65.6 63.9 62.-6 60.0·57.3 50.1 82.7 
8 1·12 10/07/92 3•2 V V 45* ,1.s 4tl.3 56.6-51,6 56.3 66.2 68.9&7.4 68.8 66,369.5 70.3 73.8 74.8 72.7 71.770.569.6 66;7 65.4 63.1 60,557.0 50.0 82.3 
9 1•15 10/07/92 ~-2 v v 44.*.415.3 64.3 53.4 52.0 53.2 58.1 02.6 &0~5 61.5 64.0 n.2 12.5 ts.o 75.6 74 •• o 73,3 71.3 68.o 66.o &&.& &4.4 60.3 57.5 52.9 82:& 

10 1-115 ·_ 10/07/92 3·2 .v V 44* 39.11 48.3 45.3 53;7 54.1 54.5 511.1 81,1 51.7 159.2 68.5 158.0 74.& 74.7 72.5 72.3 71.7 68.7 66.2 61.6 59.3 56.2 54.4 46.2 81.7 
11 1•18. 10/07/92 3·2. V V 46* 44.645.7 «14,0 54.354~9!18.9 !19.9 !l&,4 157,870.4 73.566,9 69.9 74.5 12;5 71.6 70.968.8 66.4 65.0 62.7 59.4 55;5 50.8 81.8 
12 1-19 10/07/92 3-2 V V -40* 34.5 41,!I 61.6 !11,4 52.7 63.5 56.4 58.9 65.2 67',4 66.5 69.0 72.0 72,073.6 74.2 71.9 67,765.9 62.8 59'.3 57.0 57.4 48.0 81.3 

---~----- --- -1~-1-20:-10101-192-3-2-F:..-v-u- 43*--35.& 51.465.s5o.3 62_.o-11S.o-is1,-158.-1--1511.1 60.5-71.0-69;-1..:13,_1_z4.112.2.10.1~_69.2&1-.&-&5.9 &6;4_63.9~&0.9_51.2_53,1 u.A_ 
.14 1-21 10/07/92 3-2 V V 44* 38,948,259.6 !10.0 53~9 56;1 55.9 56.4 65,462.5 77.9 67,871.2 75.0 72.3 70,769.5 67,564.6 62.6 61.4 59.5 57.5 50.0 82,3 

...... 
0 - 15 1-22 10/07/92 3-2 T V 49* 34.1 45.3 44.6 64,751.2 !14.4 58.4 58.4 152;4 72,9 75;9 72,670.4 74.8 76.0 73.8 71.5 69.0 67.0 65,162.4 59.5 59.2 52.4 83.5 

16 1-25 10/07/92 3-2 V V 47* 40,9 45.3 !59.·15 52,2 56~3 !19,3 151,8 !16.4 «12,4 81.9 &&;9 67.4 73;3 77.8 75.174 •. 2 72.7 71.2 69.8 68.3 66.7 63.9 59.9 50.7 83.3 
17 1,26 10/07 /92 3·2 V V 46* 41,9 46, 1. 84,8 55,3 55.15 !18,3 !19, 1. 59,8 85,3 152.8 158.5 68,1 '71. i 76,4 72,i 72.0 10;4 67 .2 64.8 61. 7 57 .5 56.2 54.9 49.3 81.4 
18 1-28 10107/92 3 D it 55* 37,341.2 !14,9 52,4 53.f 54.15 55;9 62.8 &1,5 83;4 73,2 154.5 69.8 73.5 85.6 72.8 69.8 69.4 65.0 63.5 59.2 56.3 55.4 51.3 86.7 
19 1-29 10/0'7/92 3-2 V V 46* 44.6 47.1 53,f!l2.9 54.8 5&.9 !19.9 59,756.3 155.0 72.5 70.2 70;9 74.1 75.4 71.4 69.7 67.9 65.4 62.5 59.4 58.2 56.5 47.8 81.8 
20 1.30 10107/92 3.2 v v 42* 32.7 3!1.3 57,253.15 54,0 is1.o 51;1 83.1 60.5 6li.o io.o 511.o 72.3 71.s 73.o 11.1 &8.5 &5.9 &3.7 &1.2 58.8 5&.2 54.1 48.3 8o.5 
21 1-31 10/0WJ2 3·2 V V 44* 43.0 44.4 50.3 48,6 51,5 53.0 53.7 61,560.4 153 .. 1 74,5 85,5 69.5 77.1 12;2 70.4 68.4 65.5 62.2 59.3 57.7 56.1 52.8 45.9 81.5 
22 1-32 10/07/92 3•2V V 
231-35 10/07/92 3,2 V V 

44* 32.7 4&.2 &0;2 55.2 !11.2 85,o 54.8 83.3 63:o 84.4 69.0 154.5 11.5 75.7 11.9 71.6 10.0 68.5 57;4 &5.5 &1.& 5&.o 54.5 50.4 81.2 
43•_42;s 42.s 53.3 51.5 53 .• 1 54.4 54;7 55.9 59.2 !IS. 1 12.0 55,5 56. 1 75.4 12,2 71.4 &1;a_ 64.2 &2.5 &o;o 57 .9 54.3 52.8 44.& 80.2 

24 1-36 10101192 3.2 v v · 44* 32.4 42.9 &5.4 5is,4 59.5. 515.3 81.S !59.5 57.0 59.9 71.5 85.7 &s .• 2 1&;s 74.7 73.7 69.8'&7.164.6 &2.5 &1.4 58.8 5&:5 51.8 82.1 
25 1•37 10/07/92 3·2 V V 47* 35.4 45.1 52.0 53.2 56,9 57;0 58.0 55.759.1 63.3 75,273.1 69.8 77.2 72.6 70.968.8 67.465.4 63.6 60.2 57.1 55.6 46.6 82.3 
26 1-39 10/07/92 3·2 V V 43* 42.745,8 58;362.ll 65,952,965.5 59.4 57.7 60.2 51.5 58.7 71.4 73.7 75,573,573.2 70.8 66.3 63.1 60.2 58.3 55.7 49.9 82.1 
27 1 •41 10/13/92 3-2 _V V 48* 37 .5 43.8 64.4 56.8 59, 7 59.0 59;2 65.1 51.2 55,9 57,0 72,9 71.2 74.5 78.4 73.6 72.1 70.2 67 .4 _63.9 60.5 57 .5 56;3 49.4 83.2 
28 1-45 10/13/92 3 D V U 42* 40.8 45,3 50.4 61.9 58.7 59.3 57.4 63.3 85.9 67. 7 66. 7 73. 7 72,5 72.8 73.1 72.5 71. 1 67 .3 65. 1 65. 1 60.8 57.9 55. 7 51.3 81.6 
29 1-46 10/13/92 4 _ G v 40* 43,151.6 &t.5 55.9 58.2 &0;159.9. 63.S 57;7 10.0 64.7 11.2 71:2 73.o 11;9 74.3 72.4 11.2 67.4 64.4 &2.2 59.o 56.4 50;1 83.8 
30 1 ·50 10/13/92 3·2 V V 57* 45.4 47. 7 66.2 54.0 59.7 54,3 &1,5 62,9 611,1 83. 7 83.1 72,5 68 .• 6 74, 1 73.3 72.1 70, 1 67.2 65.6 64.9 62.4. 60.1 57 .3 50.9 85.3 
31 1-55, 10/13/92 3·2 V V 45* 44.8 43.1 58.5 53.7 53;6 54.8 59.9 83.5 68.5 62,367.3 70,274,072.4 70.7 70.2 70.4 66,864.6 61.9 57.6 54.8 52.9 44.9 80.7 
32 1·62 10/13/92 3-2 T V 45* 38.8 48.5.60.7 60.8 .81.9 03.9 54.3 55.4 64.0 85.2 64.4 57.4 73.2 75.8 74.5 72.6 7L7 69.9 66.9 63.8 61.6 60.9 58.1 50.6 82.2 
33 1 •64 10/13/92 3·2 V V 49* 36.3 41. 7 59.0 52,3 57.4 .66.2 66.4 70.8 73.1 70.5 75,5 68.3 74. 7 79.3 74.5 73. 7 n.5 68.3 66:2 63. 7 60.8 58.0 55.5 50.1 .84.6 

-----~4-1--65--10/-13/-92-3~2-F-Y~45~36.2-3&.,L57_,,7_50_,_5_53_,_4_5_0_._5_:_52_ •• L5_8_~8_5_7_._8 55 ._2 't5. 9_66. 7~ 6~.iL7~. 2_U, 7 73 .6 70 ._4 68. 6 63. 6 61. 1 58 .1 55. 5 53. 9 46. 8 82. 3 
35 1-66 10/13/92 3·2 V V 42* 44,946.161.553.2 55,959.5 59.4 61,368.4 63.1 72,469.1 71,273.3 73,6 73.3 71.6 66.6 .65.5 64.7_63.5 57.0 54.0 48.7 81.7 
36 -1 -67 10/13/92 3-2 V V 48* 45.8 49,0 50,9 63,0 55.9 60,5 58.0 53.1 65,4 68. 7 74,9 70.4 72.4 74.8 .74,4 74. 1 72.9 68. 7 68.6 67 .O .65.5 58.2 54.6 48.8 83.2 
37 1-68 10/13/92 3·2 D V 49* 50.0 47.6 53.5 63.9 57.9 59.9 64.5 62.4 69.0 69.8 67.0 72.0 77 •. 8 74 .• 9 75.5 74.8 73.1 72.0 66.9 66,1 63.2 60.0 56,0 51.1 84.0 
38 2A·1 09/14/92 3 D V 53* 34.6 49.2 47.3 52.0 55.5 55.6 57.6 57.8 61.3 71.5 67.2 70.7 69.9 7L3 70.1 70.8 69,1 68.2 65.6 63.0 60.9 57 .• 6 54.9 50.1 80.1 
39 2A-2 09/14/92 3-2 V V 51* 47.0 43.2 59.1 56.554.8 55.8 60.1 57.4 69.3 72.9 77.5 70.7 68.9 71.7 71.0 73.2 10;9 69.0 68.6 67.3 65.6 57.7 53.948.2 82.8 
40 2A•5 09/14/92 2·2 V V 51* 40.'7 39.9 49.7 50,058,360.2 59.3 59.3 80,373.5 66,872.8 75.1 75.5 76.7 70.4 68.9 67.2 63.9 61.7 58.8 55.6 53.6 49.6 84.9 
41 2A·6 09/14/92 3-2 V V 51* .. 43,8 43.1 59.8 56,5. 58.1 56.1 .61.0 53.9 62.6 64.3 68_.8 70,8 70.0 70.8 69. 7 71.3 72.0 67,8 64.9. 64.3 61.0 .57 .5 57 .O 50.5 80.2 
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Fia;ure C-7. Hean: Trucks - Level2 Controlled Access Roadways 
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3 L 
s D 1 2 6 M 

N 0 A A s 1 1 1 2 2 3 4 5 6 8 2 1 1 A 
U B T X V XL p 5 15 8 0 2 15 0 5 1 0 0 3 0 1 5 15 2 5 5 4 5 3 8 0 X 
iii s E L T H C D 0 3 0 0 5 0 0 0 5 Ci 0 0 0. K K K K K K K K K K K A 

42 2A•7 09/14/92 3-2 V V 55* 37.8 48.15 71.15 53.0 58.9 155.7 154.9 &15.1 75;2 715.5 78.5 75.2 72.7 75.7 75.15 77.0 76.8 73.8 73.4 72.15 157.7 67.0 59.9 52.6 86.8 
43 2A-9 09/14/92 3·2 V V 51* 41.15 415.8 57.1 53.2 55.5 55.7 515.5 58.9 150.4 155.5 76.4 77.3 70.7 74.3 73.7 71.8 71.3 68.9 70.4 68.6 60.5 57.1 54.2 49.2 83.5 
44 2A•12 09/14/92 3·2 V V 47* 41.5 38.1 63.3 54.7 49.8 57.6.56.8 151.7 57.9 150.8 67.0 158.5 67.4 70.3 73.6 70.7 70.2 67.7 68.1 63.5 60.2 58.3 56.1 55.5 79.9 
45 2A•17 09/16/92 3·2 V V 57*· 52.8 49.5 151,4 153;3 67.4 62.8 65:7 154;2 69.6 68.0 77.3 72.8 72.5 80.4 75.1 77.3 75.2 71.3 68.9 66.7 64.3 61.8 58.3 53.8 85.8 
46 2A"22 09/16/92 3-2 CC H L 55* 315.15 45.5 67.5 515.0 54.5 67.li 62;2155.11515.1 155.9 68.9 73.8 74.4 72.3 75.9 75.4 73.7 72.1 72.0 70.0 67.6 65.5 61.7 56.9 84.0 
47 2A·23 09/16/92 3·2 V V 48* 47.2 48.0 515.8 53.3 62.0 64.7 &0.7 58.8 154.8 66.1 75.1 71.8 68.6 71.6 71.8 72.4 70.8 68.6 65.2 63.7 61.3 58.4 55.4 51.1 81.6 
48 2A-24 09/16/92 3·2 V 
49 2A•25 09/16i92 3·2 V 
50 2A-30 09/18/92 3·2 V 
51 2A-31 09/16i92 3-2 V 
52 2A·32 09/16/92 3o2 V 
53 2A·33 09/16/92 3-2 V 
54 2A-36 09/16/92 3·2 V 
55 2A-37 09/16/92 3-2 D 
56 2A•41 09/16/92 4 D 
57 2A-43 09/16/92 3 V 
58 2A-45 09/16/92 3·2 V 
59 2A•47 09/16/92 3·2 V 
60 2A•51. 09/16/92 2-2 V 
61 2A-52 09/16/92 3 D 
62 2A•53 09/16/92 3-2 D 
63 2A-57 09/16/92 3 F 
64 2A-58 09/16/92 3·2 V 
65 2A·62 08/24/94 3-2 V 
66 2A-63 08/24/94 3-2 V 
67 2A•65 08/24/94 3·2 V 
68 2A-66 08/24/94 3·2 V 
69 2A·68 08/24/94 3 G 
70 2A•70 08/24/94 3-2 T 
71 2A-71 08/24/94 3·2 D 
72 2A-72 08/24/94 3-2 b 
73 2A-73 08/24/94 3·2 V 
74 2A-74 08/24/94 3 D 
75 2A-75 08/24/94 2·2 V 
76 2A•76 08/24/94 3·2 D 
77 2A•79 08/24/94 2·1 V 
78 2A·80 08/24/94 3-2 V 
79 2A-81 08/24/94 3 DV 
80 2A-82 08/24/94 3-2 V 

V 
V 
V 
V 
V 
V 
V 
V 
V 
H 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 

V 
V 
V 
V 
V 
V 
V 

V 

50* 42.li 47.7 56.0 515,1. 53.4 54;7 53,3 57.,8 152.1 68,2 74.7 64.9 67.0 71.1 69.5 68.9 67.5 65.6 62.1 59;9 57.6 54.6 53.6 48.4 79.6 
48* 32.1 40.1 44.9 150;5 51.9 53.2 151 ;9 55.3 59.3 57,5 63.4 67 .4. 68.3 71.4 73.1 70.5 68.15 64. 7 63.9 61.8 58.2 54.1 52.4 48.6 79.1 
47* .39.o 42.B 52.1 60.7 515.s 83.7 1515,4 65.9 68.5 159.3 78,2 10,1 158.9 73.s 12.1 72.4 71.3 68.2 65.5 63.0 60.s 58.9 57.9 53.5 83.o 
50* 40.0 42.7 52;15 57,7 56,15 i11.1 64.8 61.2 155.2 615.5 75.9 69.3 67.7 73.5 71.8 72.0 72.0 67.0 67.1 63.4 60.1 59.6 57.2 61.5 81.9 
48* 42.0 43.9 63.0 56.5 55.7 57.5 55.9 56.9 59.8 154.9 76.8 68.0 68,472.5 71.4 71.4 68.5 67.5 67.5 65.4 63.8 56.9 53.4 52.3 81.5 
50* 44.4 415;4 62.0. 56.3 515.0 58.9 60.0 66.4:63.6 153.6 76.1 66.9 615.6 74.8 69.8 71.4 69.1 66.5 64.7 62.3 59.3 56.6 55.2 49.3 81.4 
48* 45.4 40.5 40.4· 59.8 54.8 52.1 59.1 58.4 60.9 59.3 81.6 66.4 157.2 69.7 70.7 69.3 67.8 65.7 64.1 60.9 58.9 57.2 54.8 47.9 77.9 
49* 44.4 47.8·53.~ 54.0 57.2 57,3 159.4 71.9 73.9 63.8 72,364.7 68.3 70.6 69.4 69.5. 68.6 68.4 66.1 63.6 60.8 59.1 55.7 51.0 81.2 
54* 32.3 315.7 46.4 54;4 64.7 55.2 67.6 64.0 62.4 67,172.6 is7.6 71.1 74.3 73.8 81.5 73.0 72.4 71.3 68.1 66.9 62.9 60.5 55.6 85.0 
45* 34.4 45.5 47.6 51.6 83.1 57.1 59.3 75.3 17.1 70.5 68.6 70;8 68,669.8 70.9 70.8 68.3 65.5 64.2 62.3 59.4 57.3 55.3 52.2 85.8 
55* 42.8 45.3 55.6 53.7 58.1 65.9 72.8 78.8 74,0 71.0 77.8 73,4 72.6 75.7 73.7 76.8. 73.6 68.5 67.8 64.5 61.7 56.2 54.4 47.1 85.6 
49* 42.9 45.3 49.2 81.9 52.2 58.0 60.7 60.8 69.4 64.7 75.3 72.6 71.4 71.3 71.8 72.0 70.3 67.2 64.3 61.9 58.5 57.9 55.8 55.9 81.7 
50* 47.1 48.7 49.9 .59.9 56.5 152.3 60.6 61.0 64.5 65;1 68.4 67.3 65.6 68.9 72.1 70.4 69.5 68.4 67.0 65.5 62.3 60.5 59.3 59.2 79.6 
41* 33.2 49.5 45.2 48;0 47.4 51.0 52.9 58,769.2 66.3 63.9 67.0 68.4 70.8 70.8 70.1 69.9 66.8 64.9 63.3 59.9 58.3 55.9 52.1 79.3 
46* 38.7 39.8 49;5 73.5 57.8 63.3 72.4 65.4 69.2 69.8 75.1 72.9 74.6 77.8 75.4 74.8 75.4 71.8 69.3 67.9 63.8 61.1 58.3 54.5 85.3 
46* 35.8 43.9 50.8 46.6 61.1 68.6 58.0 151.9 67.s 66.2 63.7 63.4 66.8 70.5 71.4 69.6 69.0 67.3 65,o 60.7 59.o 59.3 57.o 51.3 79.2 
51* 44.7 43.0 48.9 150.2 154.3 59.0 61.1 61.3 65.1 69.6 75.2 73.2 68.4 73.1 74.2 74.1 72.0 70.2 67.3 65.3 63.5 60.4 59.3 54.5 82.8 
51 44.5 45.2 56.3 53.1 57.2 61.2 67.7 71;5 70.8 71.15 72.5 71.3 69.4 74.3 74;4 71.8 72.1 68.5 65.7 63.0 61.1 60.1 57.8 50.0 82.8 
52 38.9 44.0 150.8 56.4 57.5 57.0 59.1 60.9 63.3 64.8 77.8 67.9 66.7 75.3 71.8 71.8 70.6 68.3 65.7 62.8 60.6 59.7 57.0 46.9 82.4 
47 36.5 45.7 62.0 54.4 53.0 62.7 57.8 61.4 62.8 73.7 79,966.3 70.3 74.5 70.0 70.9 71.0 67.0 65.4.63.6 61.9 59.3 58.9 53.8 83.5 
45 50.8 44.8 54.0 52.4 55,556.9 56.3 57.1 63.3 72.3 68.9 64.7 67.4 70.4 70.8 68.3 68.9 66.3 63.4 59.0 56.9 54.2 56.0 46.1 79.2 . . . 
48 38.5 39.8 54.7 62.8 57.0 55.7 62.1 59.3 64.5 72.8 79.8 67.6 68.2 73.4 70.5 72.0 70.8 69.2 66.3 65.0 64.7 62.1 60.7 56.0 83.4 
53 36.3 42.5 64.5 56.7 56.4 56.1 63.6 62.3 65.7 69.2 64.3 65.2 73.2 69.0 71.9 68.9 66.8 64.9 63.0 61.3 60.2 58.4 58.4 48.7 79.6 
52 41.9 42.0 51.2 59.5 57.1 59.7 61.9 64.1 69.5 71.4 81.0 69.3 70.6 73.8 72.6 71.8 73.3 68.9 66.0 64.2 62.3 60.6 60.3 53.6 84.3 
46 37.4 43.2 48.9 66.5 58.5 57.7 68.1 62.8 69.3 73.4 78.5 75.0 75.4 76.2 77.4 75.9 77.3 76.15 76.1 74.7 72.4 68.5 65.6 59.4 87.1 
48 47.0 50.6 61.4 61.1 58.4 61.0 61.0 63.3 62.7 .67.3 77.3 66.3 67.1 71.8 72.7 68.2 68.6 65.9 62.7 59.5 57.9 56.9 57.5 47.6 81.3 
41 52.7 37.3 60.1 58.2 56.8 63.9 57.5 62.0 70.6 66.0 65.6 63.5 68.3 73.0 72.8 71.5 68.6 67.8 64.7 61.9 59.1 55.9 57.6 49.9 80.3 
52 46.9 48.6 51.2 61.1 56.9 57.4 59.0 61.2 61.4 63.8 75.3 76.8 68.5 11.4 73.0 72.7 70.5 68.7 66.7 65.3 63.3 60.0 58.1 53.1 82.6 
51 43.1 44.0 48.1 62.4 55.8 59.0 64.7 69.2 70.8 74.4 79.5 70.8 71.3 75.6 75.2 74.9 73.3 71.1 68.6 66.7 63.8 60.3 59.8 54.2 85.0 
52 45.4 47.2 58.8 54.2 54.2 59.7 60.1 60.3 63.6 64.2 64.7 68.1 74.6 70.3 70.6 70.8 68.8 66.0 63.4 62.0 59.8 58.1 59.3 51.9 80.0 
47 41.0 43.7 57.3 54.3 55.1 54.5 60.1 61.1 71.1 72.9 64.4 68.7 72.9 71.9 70.2 70.5 68.5 66.5 66.9 64.3 59.4 56.1 57.3 48.4 80.9 

U 48 39.5 42.8 51.3 .47.8 66.4 60.5 65.0 64.3 66.6 76.9 68.2 66.0 69.6 71.9 73.9 77.2 73.0 71.5 69.3 63.8 59.9 57.6 58.1 49.0 83.5 
47 37.9 39.1 54.3 58.5 57.7 65.4 59.7 64.4 64.5 73.8 75.1 64.5 69.4 72.4 72.0 71.8 70.0 67.2 63.9 61.3 58.7 56.9 56.0 49.1 81.7 
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Figure C-7. Heavy Trucks - Level, Controlled Access Roadways 
. (Continued) · · · 

1 3 L s i> 1 2 6 ii 
N 0 A A s ' 1 1 1 2 2 :i '4· 5 6 8 2 1 1 A 

· U 8 . T X V X L p 5 i 8. 0 2 i 0 IS 1 0 0 3 ·o 1 .5 6 2 IS IS 4 IS 3 8 0 X 
Ii s E L T ff C D 0 3 ci ·. 0 Ii 0 0 0 IS 0 0 0 O· K K K ic: K K I( -K K K K A 

i3 ~A-as-oa/24/94 3-2-V- -v- - 51 - 42;1 40,s sa,:s sg-.o s!i.;.3-&0,&. 111.2 88, 7-7.7,3 as.2 10,3 68,2 .10,1 12.11 .12.0 -12,3-10.2 -14,7-53-.11-110.s- -5a;-r-s1-;o--s,.-11~ :so;2 i2;3 -
i4 3-1 -10/21/92 3 D V L 53* 34.3 39.6 5c,;7 i0.i 95:o 56.9 153;2 65.0 89.9 71.1 70.7 74.0 72.7 72.i 71;0. 71.1 71,3 69;2 is.1 63.1 61.0 61.2 58.6 54.0 82.1 
is 3.-.5 .. ·_ 10/21/92 3-2 F .. V L 49• 38,.0 43.i 58.5 i7.0 54.5 ts2.1 &2.s 158.~ 89.8 73,0 76.8 78.3 74/7 74;5 72,0 72.i 89,4 67,0 65,1 65.5 64.5 60.3 56.~3 52.2 94;(1 
86 3.9, t0/211,92 3 D V li 53* 48.t 52,353.3 &3;2 57,7 11,4.i0,7 lie.Ii 1&.o 72.3 74,i 71,471.5 71.t .10.9 10.1 69.3 67.i 64;7 61,258.7 56.8 54.7 50.8 11.& 
87 3•11 .·. 10121112 3-2 v· v - 54* 4&.a 49;7 55;4 si.1 57.1th.3115.1 &2.1·0.1 73.o ao,4 75.4°75.2 11.a 1i.175.41~.171.367.9 &&.~. 64.2 _62.2 61.1 55.6 a~.2 
ea 3-1:i •. 10121192 3.2 ,; v · .4, .. 43.~}5~3 47.t s9.a 56.4_ as.a 53;1 &2,3 .73.4 6a., .&t.3 10.a 1'1 ~a 73,3 73_.1 11.5 _6_a.a &5.6 &3.3 60.a 5&.4 55. 1 51_.4 47 .5 11.e _ 
89 .3-14' 10/21/12 3 D · V 41* 41.5 44,f. 67.7 55.7 60.1 70.0 61,7 18,7 66.0 67;3 89.1 67.0 6S.2 68.6 71.0 68.3 68.4 &4.8 63.0 _60.2 56.3 53.1 51.8 45.3 79.7 
90 3-18: 10;21 /92 3-2 v' v ·· -4&* 41 ,4 4e.& 5&.a n.i &0.4 sil,1 11s;1 &s.o 10.a n.4 76. 7 75,5 75.6 76. 1 11.1 11.a· t2; 1 73~o 67 ;a· 67.9 &1.1 5i.3 55,o 49;1 aii.5 
91 3-20 10/21/92 .:i-2 V V 44* 43,2 43.5 53.2 53.3 53.6 59.1 i3.2 68,8 94,2 70,0 71, 7 n.2 72.3 74.0 72.6 69.4 68.0 64.9 61,6 58,0 54,3 51.6 50.4 44.1 Bf.2. 

----- -- - ---:-92-3 -:ai~-101-21-/12-4- --'f-v--- 45*-4-1-.5---4·3,1-5'7~-7-:-61•4--55.il__:_5a.;-6'--&0.-4-7h2~12;-1- 74,-3~14.-9-70-.-2- 72 ;'i~12 ~s-6&-;9---?0:;-2-ea--;s-5i1-;2-&6 ;--s-54--;g-5z-,r59-;-o 55·;r53;4 ·a2--;1i · -- - . 

- 93 3•25 10121i!i2 3.f·v v 47* 43.o 4&,7 io-.:il &3.& sa.o 59;1 e4,1 &3,& aa.2 10.11 73.112.515,175,'9 74.a 12 •. 11 10.1 511;a 66.6 65.6 61.a 57.3 54.5 !lo.9 aa.3 
94 .3-2& 10/21/92 3-2 V V 45* 40.4 42.e 62.3 53~9. 54.8 58.t 158.1 70.8 72.:i 71,471.1 72.7 715.5 74.4 71,0 69.& aa:il 66.3 62.o 58.9 56,0 53.0 51.0 46.9 82.8 

. 95 3.31, 10/21192 3-2 V V 46* 41.4 48.3 -53,9 68.0 56.4 59.9 62,i 63.5 65,1 67.0 &9.1 73~7 74.3 75.6 72,2 71,0 69.0 68.9 63.9 62,1 58.2 54;8 53.2 51.4 82.1 
96 3_.35 10L21192 3 - F V L 53* 39.9 45'.~ 57,8 57,& 52,8 57.9 78,0 73,0 88. 1 72,2 75,4 73,5 7~.4 73;4 71,5 71,0 7.0.5 . .&8.6 .63,9 152,3 59,6 56.7 53.8 50.3 84, 1 
97 3-38 10/21i92 3 V V _ 42" 37.8 42.9 52,7 87,5 89.9 11,7 68,5 15,9 68,1 78 04 73.9 11,.5 73,0 72,8 72.7 72,3 69.8 66.9 65.5 63.6 62.1 56.5 54.8 49.3 83,1 
98 3.39 10/21/92 3·2 F V _L 44* 39.5 41,;t 59.9 59,3 54.2• 58. 7 62. 7 66.0 67.8. 71,9 74,2 73,& 73.& 73,5 72. 1 71.4 70.4 67,7 54;2 61,8 58.9 57.1 55.3 51. 7 82.5 
99 3.40 10121192 3 D _· L 4.7* 42. 1 45.i so.a 152.8 73.5 157 .s 11.0 sa.1 88,2 12.0 74;5 10;1 12.a 73.3- 71.5 12, 1 11. 1 6&;6 -&4. 1 61.1 5&.2 57.5 55.9 49.4 12.& 

_ 100 3•42- 10/21/92 3-2 F VU 41* 48.4 49.1 !14,062,2 54.3 57,753,2 iS4,0'69,2 70.1 68,571,673,775,271.3 72.3 71..5 66,563.4 62.7 58.5 56.7 53.0 52.3 82.0. 
<-101 3-48 10/21/92 3-2 T V _ 45* 42,8 81 ;2 58 •• 3 54:2 55. 7 56.3 63.8 65.4 71,0 71,4 70.,8 72.5 it.5 72.3 70,8 6~.4 68.8 67 ;7 65.3 62.8 60.3 57 .6 57.' 53.3 81.4 

102 3•48 _10/21/12 3 D V L 51* 40,7 35.3 51.8 53,5 57.0 10.5 58,7 65.1.85.9 74.8 72,9 70,2 74.,6 75.6 74,6 73.4· 72,0 69.1 65.8 64.7 &4.1 59.5 56.5 51.4 83.4 
103 3.49 10/21/92 3·2 D- V 48* 39,0 50,4 &o,t 55,5 61,t 80, 1 83.5 65.0 66;3 67.8 73,1 73, 7 75.4 78.3 73.0 75,0 71.0 68;2 68 •. 1 68.3 65.9 59. 1 56,6 51. 1 83.6 
104 4;;1 . 8/08/,ii . 3~2 V V 65 44,0 49.2 57,4 59.7. 62,5 64. 7 69;8 66.8 86.8 17,8 76.& 75.9 76~0 85.6 79;5 74.6 71,5 to;i, 68.5 65.2 61.3 58, 1 55.9 50.6 88.9 

.. ·_ 105 4~2- ,i/08/94 3-2 T V 52 37.8 42;1 91,7 55.3 54,0 59.2 H,9 82,1 63.1 67,5 70,7 70.7 73,i 72.9 69.9 68~2 68,3 66.9 63.1. 61.;7 56.9 54,1 55.1 46.2 80.5 
10& 4~·3 i1oa/94 3.2 FB v u 58 - 39. 1 43,5 54.2 50:3 54.0 54.2 i0;c eo;'a 12.s &5.3 77.9 &t.5 10.a 74.1 12.1 69. 1. 67 .a 67, 1 63.t 60.3 5a:6 55.3 sil:1 4&.6 12.0 
107 4.4 8/08/94 3•2 V V 55 37.5 43,5 55,9 52,1 55,0 .58.7 61,163.0 60.7 67,9 69,7 69.5 73,3 73.7 72.0 72,3 72.2 72.0 70.7 66·.3 61.1 59.1 56.& 51.0 82.0 
101 4•& _ a/o&/"94 3.2 cc 57 39.t 45.!i 59.a &4.3 56.5 59.5 60.5 &3,4 62~5 &5,4 75.5 74.o 1s.17'6.91&.112.6 .10,4 91;1 66.o 65.6 60.1 58.9 55.6 5o.a &4.0 
109 4-7 ·. 8/08/94 3-2 Fl V 52 . 36.8 48.1 58;0 55.5 io.2 61 .• 7 62; 1' 68.2 62.i 65.0 71.2 10:6 71,3 74. 1 7~;5 74.8 71.9 70.4 70.8 68.8_ 63.il 6L9 59 .• 2 53.i 82,7 
110 4•8 B/08/94 . 3•2 V V · 59 46.4 48, 1 53.1 6.1,8 58.9 57,4 63,9 Cl5,3· 61,5 63,1 73.0. 72. 7 73,8 75. 7 72;8 69. 7 67.8 65.8. 63.2 60; 1 57.2 54.5 53;1 53,6 81.9 -
111 _4.9 8/08/94 3-2 V V 58 i19.2 49,2 81. 7 55,9 58.3 53.5 61,6 63.0 &2; 7 89,4 74,6 76.2 79.3 .74. 7 71.8 70,4 69.5 69 •. 0 64.0 6_1.3 59.2 58.2 56.1 48.6 84.0 
112 4-10 8/08/94. 3-2 T V 53 39.0 44,4 53.8.i5.2 -57.4 58.& 63;2 64.5 &5.0.73,4 79.5 1·1,,4 74.3 74.8 72,269.1 67,866.3 &2.9 61.& 57.9 55.7 54.5 48.5 83.7 

____ _____.,43C:4.42-,..,8J..08/.94-3-2--'I-V~53---47~-0--43-.:0-58~0--5&-.-7-55.-9-58A~&3A-&7~a,:86~-l--10-.-8-74~7-69--.8--7'0-.-9-7-7-.-3--n-..0--7-2:.8--7--3.-4--69.-'1--66.-&-61-.8-5-'1.-9-55.7-53--;2--tt.6--S,_;..,___ _____ _ 
114 4-14 8/08/94 3-2 V V 60 42, 7 48,2 62,0 49,9 59.4- 60,3 61, 1 62.& 63.9 87,3 89,4 79~0 74.9 76.2 72,8 69.2 68.6 64 .• 7 64.0 60.4 57. 7 55.0 52.9 47.5 83.4 
115 4._15 _. a1oa/t4 3-2 v v 68' 47.9 53.1 59.3 54.1 57.6 i1 .• 1 &4,7 63.o 65;1 68.1 71.3 73.1 74.B 75;7 73.4 73.o_ 11.6 6&.o 64.2 61.6 511;a 56,8 54.4 50.1 &3.6 
116 4-.16 8/08/94 3~2 V V ·· 56 42,9 45.8 54.1 64.5 60:.3 61.8 59.7 60.8 65.3 6i.2 71,2 71.6 70.8 78.2 73.8 71,7 69.7 68.1 66,1 63.7 60.4 58.1 57.3 51.6 82.7 
117 4·19 8/08/94 3~2 T V . 53 35.5 45,5 62.5 57,4 58.9 65;5 61.3 62.2 64;2 73,5 73.2 73. 7 74.6 71.6 88,2 67,9 66,3 8&.1 63.9 62.1 58.4 58.1 54.9 49 •. 5 81. 7 

0 118 4•20 8/08/94 · 3-2 V V 49 46.0 47.6 63,7 54. 1 59.2 59;5 62, 1 64.5 65.9 69;3 70.9. 75,1 74, 7 73,2 74.3 71. 1 68,8 67.2 63.4 61,3 59.0 57;0 55.0 51. 7 82.4 
119 4-22 8/08/94 3-2 Fl V L 54 41.5 42. 1 57.3 53.4 57.9 615.1 68.0 66.8 62. 7 73.9 69.0 73.6 75.3 74.0 72,6 69;0 67 .9 65,9 62.2 58.6 56.2 55.4 52.i 48.·0 82.4 
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120 4-23 8/08/94 
121 4-211 8/08/94 
122 4-27 8/08/94 
123 4-28 8/08/94 
124 4-29 8/08/94 
125 4-30 8/08/94 
126 4·31 8/08/94 
127 4·32 8/08/94 
128 4.33 8/08/94 
129 4.34 8/08/94 
130 4-36 8/08/94 
131 4-38 8/08/94 
132 4.39 8/08/94 .... 133 4-41 8/08/94 "O 

""" 
134 4-42 8/08/94 
135 4.43 8/08/94 
13& 4.45 8/08/94 
137 4-46 8/08/94 
138 4.47 8/08/94 
139 5-1 8/9/94 
140 5-3 8/9/94 
141 5.7 8/9/94 
142 5-8 8/9/94 
143 5-9 8/9/94 
144 5-10 8/9/94 
145 5-11 8/9/94 
146 5-13 8/9/94 
147 5-14 8/9/94 
148 5-15 8/9/94 
149 5-111 8/9/94 
150 5-17 8/9/94 
151 5-18 8/9/94 
152 5-19 8/9/94 
153 5-22 8/9/94 
154 5-23 8/9/94 
155 5-27 8/9/94 
156 5-28 8/9/94 
157 5-29 8/9/94 
158 5-31 8/9/94 

Fiiure C-7. Hean: Trucks - Level1 Controlled Access Roadwal'.s 
(Continued) 

3 L 
1 IS M 

A s 1 1 2 2 3 4 5 e 8 2 1 A 
X V X L p 5 6 8 0 2 6 0 5 1 0 0 3 0 5 IS 2 5 5 4 5 3 8 0 X 
L T H C D 0 3 0 0 5 0 0 0 5 0 0 0 0 K K K K K K K K K K K A 

3·2 V V 54.38.0 53.0 64.8 52.9 54.8 57.11110.0 111.8 114.4 119.0 70.11 70.3 73.4 74.6 72.0 70.6 ·69.5 68.1 65.3 62.9 58.9 56.7 53.4 53.4 81.5 
3·2 D V l 48 39.8 47.1152.5113.7 53.1 111.1159.9110.2 118.9 70.2 70.2 711.11 74.2 73.5 71.4 71.7 70.7 68.2 65.11 64.5 61.8 59.7 58.1 53.8 82.7 
3-2 V V 55 45.-3 49.9 110.8 55.9 110.7 111.4.115.7 115.9 113.4 65.9 72.2 75.7 72.4 75.4 72.0 119.11 69.3 66.1 63.2 60.4 57.1 56.0 54.7 50.2 82.2 
3·2 FB V L 55 45.7 111.0 &4.6 IIO.S.112.5 59.!I 112.0 &0.3 111.2 70.2 74.2 75.7 72.5 72.2 119.8 67.5 66.7 64.7 62.4 59.6 57.8 54.5 54.3 48.1 81.7 
3-2 FB VU 52 39.6 42.8 58.2 52.5 55.7 112.5 69.0 115.1 70.1188.8118.8 71.8 72.3 70.4 68.2 117.11 611.1 63.0 60.6 57.0 54.2 52.6 52.0 44.2 80.2 
3·2 V V 52 39.9 46.9 55.2 53.9 54.5 60.2 59,8 112.2 113.2 118.1 70.4 72.4 75.4 74.1 72.0 71.2 71.971.4117.3 65.5 64.7 60.9 58.2 54.3 82.4 
3 TR 
3·2 T V 
3-2 T V 
3·2 V V 
3-1 V V 
3 TR V 
3-2 V V 
3·2 V V 
3·2 FB V 
3-2 V V 
3 CM V 
3.2 v · V 
3-2 t V 
3 D V 
3·2 D V 
3-2 V V 
3-2 T V 
3-2 b V 
3·2 D V 
4 CM 
3·2 D V 

58 39.5 45.8 47.5 59.7 58.4 117.4 150.1110;3114.3 114.7 68.5 71.4 69.5 71.6 69.5 68.8 68.3 66.9 77.1 64.0 61.3 58.3 56.6 51.7 81.6 
52 37.4 39.o 63.5 ·52.2 54.4 58.7 67.o 111.3 111.8 111.3 111.5 118.4 11.0 75.3 12.2 &8.1 &8.& se.s &6.5 &2.s &0.1 58.o 55.8 48.o 82.0 
48 34.8 44.8 50.9 110.8 110.3 59.5 60.9 59.9 112.4 117.7 70.8 70.7 72.8 77.6 74.4 72~9 70.8 67.9 65.1 63.4 58.0 57.1 57.0 49.4 82.7 
65 39.5 43.1 62.9 52.7 511.3 511.4 113.8 82.7 117.5 118.5 75.8 74.1 73.0 75.2 73.1 71.ci 10.9 69.1 66.5 62.4 61.0 58.2 56.4 50.1 83.0 
53 411.0 411.2 58.o 58.e so.o 111.0 110.4 112.3 113.1&3.410.0 118.2 11.8 12.110.3 &9.7 &7.4_&5.8 80.2 &4.1 5&.1 &5.4 55.8 53.o 83.1 
56 38.5 311.1 52.8 59.4 52.3 511.3 111.4 59.3 113.7 114.1 72.5 72.11 119.8 71.9 69.8 69.7 66.7 64.8 61.6 61.0 59.1 57.7 54.8 53.5 80.0 
511 51.8 411.11 51.9 111.4 57.4 110.4 112.0 113.0 1111.5 119.11159.11 72.4 71.2 74.8 69.9 70.3 68.9 66.0 62.2 60.5 57.8 54.8 54.0 47.9 81.0 
57 43.5 43.7 52~5 73.7 64.3 57.3 113.4 62.8 114.8 66.11 74.2 75.1 73.5 74.8 72.4 71.2 70.6 67.4 65.1 62.7 59.0 57.6 56.4 53.7 83.1 
57 40.0 45;15 62.9 57.3 58.7 57.1 112.7 62.11 68·.1 67.1 77.11 78.5 73.11 75.2 72.5 70.2 69.2 67.6 65.8 113.3 60.4 58.9 59.6 54.7 84.0 
58 42.6 48.8 117.8 58.5 60.4.,.69.0 110.9 71.9 73.2 73.11 711. 7 74.8 76.9 78.6 77 .5 76.6 76.9 72.2 71.3 67 .6 65.5 59.9 57 .1 55.1 86. 7 
55 39.7 44.8 51.8 114.154.9110.3 111.5 112.8 112.7 119.1 158.9 74.6 73.11 73.7 73.3 71.11 69.8 69.5 611.8 64.6 62.1 61.6 58.7 51.6 82.2 
59· 44.5 45.11 52.9 62.2 57.o 110. 1 114.3 114.9 61.11 66._o 69. 1 11.2 73,& 75.4 73. 1 73.2 71.3 111 .8 65. 1 64.5 61,8 59.2 58. 1 51.4 82.3 
61 42.2 44.1 55.8 62.5 59.9 112.5 61.1 60.9 113.6 64.7 79.1 72.0 73.4 711.1 75.3 73.7 70.9 69.4 67.5 68.8 65.2 60.3 61.4 53.9 84.3 
54 39.7 51.8 113.3 59.0 111.0 111.1112.51111.5 70.7 68.5 75.1 73.4 67.8 72.4 71.8 71.4 70.4 65.7 65.5 61.4 57.8 53.9 49.9 45.5 82.0 
55 49.0 54.2 60.4 54.5 515.0 151.3 60.4 61.9 611.3 159.1178.3158.7 71.8 76.2 73.6 76.3 70.7 68.0 65.8 65.8 59.5 56.3 53.1 48.1 83.9 
53 48.4 47.5 &5.9 54.4 61.5 73.4 114.o &7.3 15&.9 &8.5 73.3 75;2 75.0 74.3 76.8 73.9 74.& 10.& &7.4 &3.7 &0.4 56.4 52.0 49.3 84.5 
61 34.5 46.0 511.11 54.3 59.3 113.8 119.7 117.4 68.4 70.5 73.6 75.6 70.8 73.5 72.3 71.5 70.5 67.1 65.4 62.0 60.1 55.7 52.5 48.2 82.7 
54 45.9 411.4 58.3 54.2 57.1163.2112.1 _112.5 711.7 615.1 72.3 69.5 71.5 72.0 69.5 69.4 69.4 64.5 66.1 65.2 _61.1 55.1 51.5 46.6 81.8 
58 40.8 50.1152.8119.4 67.3 113.5 1111_.2_ 67.1 73.3 72.8 78.9 75.0 711.6 75.8 76.7 78.0 77.6 77.4 74.8 73.0 71.2 66.8 63.2 58.4 87.4 
41 37.6 41.7 47.5 55.0 59.0 113.3 117.7 70.5 73.4 74.3 75.1 77.9 76.8 76.9 75.2 75.4 76.4 71.8 69.2 68.2 65.9 61.9 59.0 56.0 86.1 
50 43.11 48.9 51.3 58.2 57.0 114.9 71.171.4114.4 1111.2 74.4 71.0_72.2 73.4 71.5 71.6 69.7 67.1 66.1 61.6 58.6 54.9 51.1 47.9 82.2 

3-2 T V 411 35.2 45.7 59.1 57.5 57.9 58.9 112.0 111.0 116.8 69.4 75.0 71.3 72.2 72.0 73.0 70.3 70.2 67.3 65.3 66.5 60.7 59.3 54.1 51.7 81.9 
3-2 T V 52 35.5 40.5 50.11 58.2 511.158.4114.2 71.11158.4 69;5 70.7 59;5 70.9 72.9 71.0 71.0 70.0 66.1 64.3 61.7 59.7 56.6 52.4 48.4 81.2 
3 D V 46 43.3 53.2 62.11115.11 71.5 59.4 110.8 111.9 115.5 64.4 611.2 67.0 117.11 69,071.0 70.7 118.9 66.4 63.3 60.3 56.3 53.1 51.3 46.9 79.7 
3 D V 57 52.0 48.7 112.7 110.8 55.11 80.1 71.0 75.4 79.11 78.0 81.1 73.2 70.8 73.5 715.3 75.3 72.9 70.11 71.5 66.4 62.8 60.6 57.8 53.1 88.0 
3·2 T V 58 44.4 48.7 155.1 55.5 54.4 112.8 1111.4 118.7 117,370.5 79,370.9 70.8 72.0 70.2 73.8 70.2 70.6 67.4 64.1 62,2 60.2 57.5 55,2 83.6 
3 D V 46 44,5 42,4 60,153.6 113,0 112.5 114.5 115,2 118.3 70.3 711.1 74.2 73.1 71.11 74.2 70,11 70.11 67.8 66,163.1 58.8 55,9 52.4 51.0 82.9 
3 CM V 44 35.3 41.4 52.1 52.8 62.9 112.11 69.8 67.0 711.2 70.7 73.5 711.2 75.6 74.2 76.4 75.2 72.6 69.8 67.1 66.0 65.1 62.1 59.7 54.7 85.0 
3-2 T V 44 41.0 41.8 58.11 52.9 58.2 57.9 59.9 63.3 119.11 68.4 72.5 69.8 68.7 68.2 67.6 65.7 63.9 62.7 60.4 57.2 54.4 51.6 49.6 43.6 79.0 
3·2 T V 55 40.8 44.9 47.3 58.7 59.8 64.8 118.4 75.2 70.2 68.8 74.6 71.8 73.1 75.0.72.2 70.6 69,568.7 66.8 65,7 60,9 57,6 55,2 51.6 83.3 
3-2 FB V L 52 37,543.11 60.2 53.3 53.0 63.1 110.2 66.2 115.6 68.8 119.2 72.4 72.9 74.8 72.0 73.6 72.8 69.5 66.6 64,560.7 58.0 54.5 53.1 82,4 
3-2 V V 51 34.8 44.4 53.7 115.4 60.3 111.4 115.9 117.5 66.8 611.3 74.9 70.0 73.7 75.3 74.2 71.4 71.7 71.7 71.0 67.7 65.9 61.8 59.0 54.2 83.4 
3·2 V V 47 41.5 39.0.50.3 54.3 54.4 55.5 113.164.9119.4 68,670.3 71.0 70.4 71.0 71.3 70.2 67.8 65.5 64.0 61.6 59.4 56.9 52.7 54.8 80.4 
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Figure C-7. Heavy.Trucks- Level, Controlled Access Roadways 
(Continued) 

1 
1 

1 1 1 2 2 3 4 5 6 8 2 
8 0 2 5 0 5 1 0 0 3 0 1 5 6 2 
0 0 5 0 0 0 5 0 0 0. 0 K ·K K :K 

3 L 
2 6 M 

1 A 
5 5 4 5 3 8 0 X 
K K K K K K K A 

159 5-32 8/9/94 3.3 D · V 55 4t. 7 46,4 74.0 57 .5 so.a 62.9 64.4 63.5 6,.3 68.9 68,4 70,2 n.4 73,3n ,5 71.0 70.9 67 .o 66,0 6L6. 58.0 511.0 54.6 · 5L3 81 .7 
~---~~6Q_~l[fJtL9L:__3;2- · v · 49 40;1 46.o 46.7 63.4 58~e• 56•.6 64;1 69,3 66.0-61~-6 80.5 68;4 10.1 10.8 69.3 6&;5-61;1. 66.1 63;8 62.2 59,1-55-,5 52,9-:49;2 83.o 

-0 
V, 

161 5a35 8/9/94• 3.3 -o -y ·48°45;7 45;0 69, 1 ·51·,158;0 64;5 62,3 62,1-65-.4 65·,4- 66.8 67,2 70.0 72,3 71.9 70.6 69.4 66.6-64.5 61.9 57,4-55,2·-52-.-7-45_.4 80,2 
162 5.35 8/9/94 3·2.T V 
163 5•37 8/9/94 3 D V 
164 5.39 8/9/94 3-2.T V 
165 5-40. 8/9/94 3-2 Fi v 
166 5-42 8/9/94 3-2 D V 
167 5.43 8/9/94 3 D V 
168 5.44 8/9/94 4 D V 
169 5-45 8/9/94 2-1 V V 

---1705.4r-aJ.9/94---·3 -o-v-
171 5-53 8/9/94 3 D V 

49 39,740.2 !0,5 55.4 57,9 511,958.1) 113.t 65.1 68,873.966.769,910:& 69.4 68.7 66.8 65.563,1 61,058.3 56.0 53.9 46.8 79.8 
49 .41,5 44,8 48,4. IHl.2 53,5 55.8 60.,6 61,8 66, 1 71.0 66.9 70.2 70,5 69,8 74,5 72.6 68,3 67,2 65,4 63.9 61.0 60,5 56.2 50.4 81. 1 · 
50 40.045.5 54.5 54.d 57.7 6i;1 64~5 73,068.8 67.5 11.0 74;5 10.173.o 12.6 73.3 69.8 67.4 66.5 62.1 58,956.9 53.e 50.383.2 
57 38,9 46,8 54,654,554.4 153.9 64.3 63.6 70.il 66.4 80.0 71.7 69.9 72.4 70.1 69.5 69.0 66.1 62.3 59.9 56.8 55.7 53.9 50.0 83.0 
515 43.7 44.0 52,561.162.5 61.3 62.7 64.165.5 67.5 69.7 70.6 119.7 72,972,871.2 69.0 69.0 64,662,758.2 55.8 52.3 50.3 80.9 
53 40,2 41,7 53.0 65.8 55,8 55. 7 152,4 59.i 60,9 71.4 78,0 67 .8 68.0 70.5 7.0.4 71.6 67. 7 66,6 63.2 61. 1 57 .9 55.6 51.5 48.6 81.7 
52 39;7 45.4 49.il 74,455.0 60,461.0 67.0 68.4 73.9 84,376.7 71.6 71'.7 74.8 72.3 69;9 68.1 66.162.460.8 57.5 56.6 51;3 86.9 
51 52,144.7 55,957,255.1 58.9 62~7 63,3 64~8 65.6 69.6 69,767,869.2 69.3 67,067.1 64.8 62.9 59.7 57.7 55.7 54.4 50,078.5 
-52-37;c,-47;9-·59;5-54-;6-58·;2-60.·1-59,9-67 ;0-'6e~5·70;7-e1-;9-70,9-·67.·4-70,3·0 68;5-69;6-&B.-6-&4.7·63. 7 61;4-57. 7 54-.2-50 .e-47 .9 · 83 .9-. -
45 42,3 45.7 54,958.8 55.5 61.tl 66 .• 4 e2.-1.ae.2 61.2 76.o 10.1 69.1 io,5. &9.7 6&.1 67.e &3.4 111.1 57.9 56.7 52.3 50,6 45.6 eo.s 

-----------------~--------~··--··----~---~ 
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Figure C-8. Heavy Trucks- Upgrade, Controlled Access Roadways 

1 

1 1 2 2 3 4 5 fS 8 2 
fS 8 0 2 fS 0 5 1 0 0 3 0 5 15 2 
3 0 0 5 0 ·o 0 5 0 0 0 0 K K K K 

3 L 
2 6 M 

1 1 A 
5 5 4 5 3 8 0 X 
K K K K K K K A 

1 fS-3 10/22/92 3·2 CC it L 50* 28.3 40.5 47.0 50.8 54.5 72.8 70,0 79.fS 71.111511.4 CS2.II 84.4 CSfS.3 88.0 fSSl.1 117.8 llfS.fS 69.8 113.7 150.B 59.7 57.15 56.9 56.0 82.9 
2 15-8 10/22/92 3-2 V V 47* 35.9 38.3 88.2 50.7 55.1 157.8 .51.1 59.1 71.0 158.3 156.SI fSSl.1 CS9.SI 72.SI 75.15 71.5 71.8 611.6 66.3 63.SI 63.0 60.8 58.5 56.1 82.1 
3 e-12 10122192 3-2 v v 37* 35.4 41.1 511.0 48.2 55.3 57.5 54,558.3 118.7 iso,4 153.4 ee.1 611.1 159.1 10.3 &11.11 &15.9 &4.3 112.4 so.o 56.& 54.2 53.3 53.2 11.& 
4 6-13 10/22/92 3-2 F V 43* 3&.3 311.fS 73.5 54.SI 59. 7 &SI.SI 158.2 &3.9. 87 .4 77 .9 75.2 74.SI 70.9 71.5 70.5 70.1 67 .O 65,3 154.1 61.8 58. 7 57 .5 57 .B 50.2 83. 7 
5 &•15 10/22/92 3-2 V V 42* 38:SI 38.7 57.1 50.8 54.2 57.2 57.5 73.4 60.5 80.3 il5.5 &5.7 87.3 158.5 70.1 67.B 615.0 64.7 152.4.511.0 57.2 57.1 55.4 54.7 78.6 
6 15-115 10/22/92 3-2 V V 52* 42.5 47.9 !55.1 81.2 60.8 58.9 58.7 58;8 !59.8 &2.5 &3.9 55.8 73.3 73.9 7!5.0 73.B 70.7 159.2155.8152.9 61.1 59.8 59.1 59.0 81.6 
7 15•17 101221112 3-2 v v 44* 41.3 s1.1 55.& &1.1155.5 58.SI is3.2 511.2 ee.il &4.5 11&.& 73.1 71.3 72.4 11.110.9 159.2 se.1 155.e &2.2 110.2 s1.& 56.& so.a eo;9 
8 15·20 10/22/92 3-2 I' V iJ 52* 33.4 37'.9 49.5 54.0 52.SI 511.4 59.7 155.2 &IS.SI &2.5 157.4 75.7 73.1 73.3 72.9 70.8 159.3 69.2 154.4 151.6 61.1 58.0 56.1 55.9 81.8 
9 s-21 10122192 3.2 v v 51• 53.2 44;0 114.11s1.4111.1 es;4 59.7 e2.1 &5.e ist.3 &3.7a1.112.3 74.3 12.s 11.e 10.s se.2 &4.3 so.4 s9.1 sa.1 ss.e s1.s e1.1 

10 &·22 10/22/92 3·2 V V 47* 43.7 48.3 &7.3 !lfS.1eo:3153.1 154;il 87.3 &5.5 70.4 &7.1 117.8 74.5 74.1 72.2 71.7 &9.5 66.0 64.8 62,3 59.0 58.0 54.6 52.6 81.7 
11 15-23 10/22/92 3-2 T v 53* 39.0 45.2 is1.o 87.3 54.7 5!1.e 57.2 59.!S &11.0 72.3 73.B 69.2 71.15 74.2 73.5 76.9 74.2 79.2 75.6 71.9 12.2 615.3 &o.s s&.2 85.6 
12 6-24 10/22/92 3 · D V 42* 41.5 44.7 84.7 54.3 53.7 59.2 !54.5 52.8 58.0 117,8 153.1 155.0 68.0 70.7 72.6 68,167.5 67.B 63.6 63.1 58.6 55.B 52~9 55.5 78.9 
13 6-28 10/22/92 2-2 V V 50* 47.B 415.1 515.fS !5&.7 55.3 !58.8 !14.5 151.7 &ii.ii 62.0 &1.9 711.7 69.& 74.9 74.9 71.7 70.2 67.B 64.8 63.7 59.4 56.9 54.2 49.6 83.4 
14 6-33 10/22/92 3-2 V V 52* 32;7 48.1&3.349.& 60.8 511.5 152.8 153.5 &3.3 154.5 70;15 157.2 71.4 7&.7 76.0 73.8 71.5 69.4 68.0 64.5 59.5 55.6 51.4 48.2 82.7 
15 &-37 10122192 3.2 v v 51* 35.15 43.4 &2.2 51.0 58.& iie.o 57;1 5&.!i iso.3 e&~e &4.9 155.2 74.3 75.2 73.o .se.3 sa.4 sa.4 &4.e &2.0 so.1 51.2 54.4 55.& 80.9 
16.15-42 10/22/92 3-2 T V 50* 40.5 49.8 54.2 51.8 fS0.8 59.1 5&.2 58.5 151.3 71.2 87;1 fSSl.3 72.2 73.4 75.0 71.5 70.6 68.0 6!5.7 63.5 61.0 60.4 57.5 53.6 81.5 
17 6-44 10/22/92 3·2 V V 35* 31.SI 4&.!S 58.11 71.0 60.2 84.1 &5.7 73.5 154;2 &3.SI &4;1611.0118.8 &Sl.1 70.2 69.2 67.8 64.6 64.3 68.6 66.0 63.1 56.6 54.0 80.6 
18 6-47 11/23/93 3-2 F V L 42 39.2 40.8 84.2 45.5 54.1 511.1 57.7 &1.0 83,0 isil.4 511.1 &2.5 &4.2 68.2 69.5 66.7 65.6 63.1 62.2 58.9 57.2 55.4 50.2 47.0 77.1 
19 6-!SO 11 /23/113 2-2 V V 415 41.3 49.1 57.5 &5.0 515.8 &1.SI 57. i t52.SI 71.4. 77.fS 75.8 71.8 72.!S 7e;e 74.2 74.0 72.3 70. 7 68.8 67 .9 66.5 62.1 60.1 55.5 84. 7 
20 6-53 11/23/93 3-2 V V 49 40.5 &8.2 47.1 511.8 57.0 57.1 58.SI 511,5 154,1 t51.SI 71;1 74.3 73.3 75:& 73,674.3 72.6 69,867.0 65.2 62.7 63.1 62.4 52.9 83.1 
21 fS-55 11/23/93 3-2 .. V V 315 47.8.&0,2 60.7 58,7 fS&.2 83.il 82.7 81,7 &9,4 &5.3 &15,8 73.2 71,173.9 73,171,770.7 68.1 68.3 66.5 61.4 57.9 53.6 52.4 81.9 
22 6-61 11/23/93 3·2 V V 34 41,947.8 &4.7 52.SI 511.4 70'.& fSfS,2 157.5 87.7 62.4 15&.8 &9.4 71.3 73.15 75.9 71.6 70.4 68.2 65.0 64.0 61.4 60.9 57.4 53.0 82.1 
23 6-63 11/23/93 3·2 H V 48 42.4 57,6 150.3 55,0 58,5 511,2 fS0.3 &1;1 t52,15 &7,0 74.7 87.B 74.3 77.!S 74.2 71.8 69.0 66.8 65.9 63.9 59.3 56.6 53.9 49.6 82.9 
24 15-64 1.1/23/93 3·2 V V 30 42,1 45,15 73.0 60.3 59,0 87.8 &O .• SI 6&.9 83.1 150.2 &4.15 68.7 &8.2 71.5 71.0 72.0 70.4 69.5 66.2 63.5 64.6 59.9 57.0 5~.7 81.1 
25 6-65 11/23/93 3·2 V V 315 46.15 42.7 62,854.1 55.3 !SB.Ii !58,4 81,8 71,0 &2.8 62.2 65.9 67.4 69.7 158.8 68.0 67.5 64.3 65.9 60.B 58.2 58.9 52.5 49.0 78.4 
26 6-67 11/23/93 .3·2 V V 44 43.0 49.7 &11;3 511.7 &3.1 76.8 &B.0 70.5 75.8 79.B 711.0 75.2 78.1 79.3 80.2 81.2 81.8 81.1 77.8 73.9 70.6 66.3 64.3 59.8 90.4 
27 6-68 11/23/93 3·2 F V 32 48.6 41.9 &5.5 50.4 57.0 ISO.SI 511.1 56.& 154.2 153.163.672,0 76.5 72.3 74.4 73.9 70.6 70.3 67.5 68.2 63.9 62.7 58.5 56.4 82.6 
28 6•71 11/23/93 3·2 F V 315 39.7 42.4 59.7 54.4 57.8 151.& &2.3 t53.0 71.4 &4,4 153.4 71.3 70.3 72.5 72.0 72.9 70.1 68.6 66.4 65.1 61.0 56.8 58.4 52.2 81.2 
29 6-73 11/23/93 3·2 V V 51 43.SI 41.8 &4.8 49;15 &1,7 ISO.SI 511.0 85.4 &5.SI 117.15 &7.2 &B.6 74.4 78.15 74.6 73.6 72.3 70.0 68.5 64.5 59;4 56.3 55.4 52.1 83.5 
30 6-82 11/23./93 3·2 V \/ 53 311.8 43.3 65.5 52.5 57.0 58.5 54.& 58.5 &0,.2 &7.5 62.5 &8 .• 3 78.8 75.4 74.7 73.6 70.15 67.7 65.5 64.0 59.2 56.3 54.6 50.8 83.2 
31 6·83 11/23/93 3·2 F V L 33 43.0 46.7 71.7 5!5.8 59.9 87.2 &0.5 84.2 &5.& 72.3 83.SI 67.7 73.7 71.7 70.4 70.9 74.4 68.9 68.7 73.2 73.6 67.3 56.9 50.7 83.2 
32 &-84 11/23/93 3-2 V V 53. 46.9 52.3 59.7 57.7 &1.5 59.9 &2.8 154.1 &2.5 &&.O &B.& 72.3 75.& 78.2 76.0 73.5 72.3 70.1 67.4 65.3 63.5 61.3 57.3 51.9 83.9 
33 6-86 11/23/93 3·2 V V 54 45.0 46.!I 68.& 56.& &0.5 &7.SI &1.t 63.2 70.7 &7.9 77.0 68.6 74.2 81.7 80.8 77.1 74.6 72.6 68.7 65.4 62.8 59.8 58.1 53.2 87.0 
34 6-90 11/23/93 3-2 V V 42 40.3 42.8 42.& &1.9 &3.7 56.7 62.B 62.8 75.5 70.4 157.7 6&.7 72.1 73.9 72.2 &9.6 70.2 67.4 64.5 66.4 63.9 57.9 54.8 48.9 82.0 
35 6-94 11/23/93 3·2 F U 49 39.0 45.0 71.9 57.5 157.5 73.3 &7.8 78.0 73.7 74.7 7&.4 7&.2 711.& 79.6 80.5 81.7 80.1 76.7 70.6 72.4 70.9 67.7 62.1 57.5 89.5 
36 &•95 11/23/93 3·2 V V 32 44.8 39.1 64.3 57.2 151.1 57.7 5&.7 &1.5 &7.4 85.7 &9.2 70.& 73.0 75.1 74.6 73.0 71.9 69.8 66.5 66.3 62.7 57.5 55.8 52.0 82.4 
37 6-96 11/23/93 3·2 V V 67 51.& 52.4 &7.3 56.0 60.7 64.5 &4.4 &5.4 &a.& &9.& 80.1 71.7 75.2 80.2 77.0 76.1 76.2 73.5 70.6 68.1 64.9 62.0 59.4 59.4 86.7 
38 6-97 11/23/93 3 D V L 25 37.8 45.1 50.7 70.2 59 •. 9 59.0 6&.9 74.2 70.1 78.& 81.7 7&.9 75.5 80.5 77.2 80.4 80.2 80.2 77.7 75.8 73.5 68.2 64.4 59.8 89.9 
39 6·100 11/23/93 3·2 V V 52 45.7 54.8 61.4 54.4 58.7 57.3 &2.3 64.1 63.0 62.6 76.4 66.7 72.2 77.8 77.8 73.4 71,570.4 66.7 64.3 61.0 58.3 53.7 49.8 84.0 
40 7•2 8/1/94 3 TR V 49 38.3 45.7 46.1 &3.3 55.0 515.7 5&.0 58.9 6&.8 &2.8 69.7 64.3. 65.7 71.1 65.6 67.4 64.2 66.9 70.2 65.8 60.5 57.3 54.1 49.1 78.6 
41 7.3 8/1/94 3·2 V V 34 51.0 58.7 49.& 59.3 58.6 &1.1 150.0 &2.15 68,763.8 &0.4 64.7 65.1 64.8 64.5 63.2 63.4 62.3 60.1 59.1 58.2 60.6 59.6 55.9 76.1 
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Figure C-8. Heavy Trucks - Upgrade, Controlled Access Roadways 
(Continued) 
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40 34.9 39_.4 66.0 53.8 54.7 60.8 58.3 85.5 85.9 69.8 85.7 &s.o 68.3 68.1 68.7 69,5 68,7 68.t 64,864.9 63.1 63.9 61.2 55.0 79.5 
39 38,8 46,6 s9.4 53.9 52.s si..1 &3.-3-58,1 61.-1 11,-1 &3,3 115, 1 6sd 114.1-es. 1- &4-.8 &3.o e2.s s9.s-s1.1 s4.&- 53.&-s2.8 51;2 76,5 

-38-35.-1~40.0 52.1115.9 -57 .3 115;11 111.9 115.3 118.7 75.9---1111.·8 118.2 611.0 117.B 70.5 69.7 69.4 611.3-65.2-61-.2-58.7-57-.9-56. 6-61.9 80.-9 
48 42.5 43.2 113.5 51.8 47.159.8 55.ci 54.8 57.4 63.11111.a ea.o 77.& 69.11 611.2 117,867.4 6_4.1 62.8 !18.3 54;9 52;6 52.1 50.2 80.3 
37 32.0 39.5 54.9 48.4 5&.7 110.8 58.3 58.8 59.5 113.1112.3 82;1170.0117.165.565.4 113.4 61.5 62.2 58.9 57.4 54.5 52.4 47.3 75.9 -
s2 35.1 43.1114.3111.9 s9.3llfS.1113.s ei.1166.311,.-111.4 111;s 10.2 12.0 &8.6 69.o 68.a 69.1 es.3 66.8 65.3 63.9 e2.e 55.5 80.5 

3-2 FB V L 52 35.3 311.5 57;0 71.4 !12.1 57 ;4 54.3 111.11 8'1.8 71.11 111.11 117 .1 72.2 69.3 119.2 &&; 1 65. 7 65.2 62.1 6L1 61. 7 59.4 56.8 57 .4 79.6 
3-2 v v 38 36.3 49.1 59.7 47.9 58.11112.5 s4;2 58.2 ss.s 11t,;s 111.9 &4.3 &6.9 65.968.4 &li.1 &5.s &3.6 63.2 59.8 58.3 57.o 58.o 57.B 76.4 
_2•2 V V - 45 41.5 43.9 57 ;a 51.& 53.4 59.& 59.2 111.3 ISO. 7 114.3 71.8 119;9 115. 7 118.1 67 .5 65.9 65.1 64.5 64,5 62.8 60.B 58.1 54.5 52.078.2 
3-2 "IL 46 33.3 45.3 60.4 50.11.57.3 5&.5 55.9 110.7 64.5 75.2 70.4 115,11 69.1 67.6 69.9 68.5 7L4 68.-4 64,662.6 61.7 60.6 58.4 55.0 80.6 
3-2 V V 40 39.4 49.3 63.5 55.11 60.2 70.2 59,IS 70.5 68.2 69.1172.5 119.9 117.9 70.5 67.9 68.7 69.2 66.2 63;5 62.2 60.0 57.5 56.6 57.4 80.8 

-3-2 V---V ----35-33. 9-62 .3-45.5 -49 ,3-63.-11--110 ,0-6h-1 59.1 -118 .2-85-.-1_:_74.--2--78.4c 113-, 3-65, 1-64-.-9-62-.-0 -62.-5 ~ea.-9 c7-2, 9-73.:s- 72.8-67-.9-58. 9 -53.-2-83.-0 
3-2 V V 43 411.0 4&.11118.4 51.6 59.5 64.8 111.8 84.7 119,471.5 63.9 117.0 68.2 57;4 65.9 66.0 64.8 65.4 62.7 65.3 61.1 62.9 61.4 52.1 79.2 
3-2 T V 41 38.5 67.2 47.8 53.7 51.2 53.8 110.5 611.1 112.3 72.2 69.1 115.5 68.7 611.6 67,3 66.1 65.4 63.5 65.2 67.9 68.2 66.3 60.9 55.5 79.7 
3-2 V V 42 39.3 43,4 113.2 111.4 59.1 112.157.5111.9 58.7 72.8 112.2 118.1 68.4 66.9 611.9 65,263.2 62.4 60.5 59.9 58.1 56,555.3 62.6 78.0 
3-2 F8 V L 51 35.9 49.5 50.0114.0 SIi.iS 111.8 59.162.2116,3 114.3 77.3 68.5 69.7 69.9 68.9 69.0 68.9 65.8 64.9 64.5 59.6 511.6 59.2 51.9 81.1 
3-2 V V .37 38.5 43.4 113;9 48.0 59.1 11!1. 7 57 .s 57 .O 112.3 68.3 64.2 llfS.11 66.9 67 •. 9 117 .6 67 .4 66.5 66.6 62.4 66. 3 64.1 64.9 61.5 55. 7 78.4 
2-2 FB V L 36 37.5 39.7 48.1148.3117.5 82.0 58.8 113.9 119.8 70.0 71.7 75.0 75.9 71.171.670.9 72.9 69.5 68.5 66.7 63.5 58.2 52.3 48.2 85.5 

- 3-2 V V 43 35.4 42.0 118.2 54.7 57.4 &5,3 57.9 59.3 &4.7 87.4 113.0 64.9 611;4 70.8 118,667.4 .65.2 67.-0 63.0 64.5 61.5 62.3 62.0 54.5 78.6 
3-2 F8 V 54 35;7 43.1 115.9 52.157.4112.3 57.1111.3116.5 69.8 78.2 70.3 67.2 69.9 119.2 68.467.5 64.3-64,2 62.4 59.9 57.9 54.2 52.5 81.6 
3•2 T v 411 37.0 42.5 81.3 58.7 110.s 53.s 55.1 54.3 ss.ci 75~7 73.2 111.11111.5 111.& &7.4 &7.8 &&.1 &5.7 &1.4 63.3 &1.1 58.& 56.8 52.0 80.0 
3.•2 V _ V 39 39.3 43.5 61.4 54.2 59.2 58 •. 9 511.0 511.9 63.9 .119.1 65.5 64.3 68.11 67 .4 68.2 66.9 66. 7 64.5 63.0 59.9 57. 7 55.1 56.5 51.1 77 .6_ 
3-2 V V 49 35.4 47.8 62.2 53.4 SIi.ii 1111.9 57.7 &f.5 112.8 68.1 72.3 6&.2 69.7 68.0 65.11 66.7_65.5 63.9 62.3 61.4 57.2 55.4 54.1 49.3 78.7 . ' . ' . 

65 7.35 8/1 /94 3-2 CC V 42 29.8 115.9 52.8 51.8 71.9 59.11 611.4 511.8 110.8 73.4 118_.9 &8:1 72.5 74.0. 67. 7 67.5 66.0 63.1 62.0 60.6 57.0 56. 7 62.1 52.9 81.0 
66 7-37 8/1/94 2•2 V V 50 311.0 40.0 65.3 53.2 57.4 82,459.9 112.0 81.9 62.7 69.4 67.4 llfS.2 69.8 70 •. 6 68.1 67.4 65.1 65.6 65.5 61.5 60.4 58.5 56.5 78.9 
67 7o40 8/1/94 3-2 V V 49 40. 7 47.1 62.4 511.5 61.0 61.8 &4;9 59.B 114.B 73.1 70.8 68.1 69.2 71.4 69.4 67 .1 67 .9 67 .O 64.7 65.4 63. 7 63.3 65.1 61.3 80.6 
68 7-41 8/1/94 . 4 T 48 32.5 32.8 87.3 59.9 58.5 55.3 511.1 55,7 115.8 119._8 66.7' 111;1 68.4 68.4 69.7 69.0 68.8 67.4 66.164.8 62.7 61.2 62.7 59.9 79.5 
69 8-2 12/08/92 2-2 F V 53 40.6 42.1 !$9.5 55,552.8 53.7 56.7 58.4 62.9 69.9 73.2.71.0 70.7 74.9 76.3 73;9 71.a 69.0 67.2 68.5 66,3 61.3 57.6 52.9 83.0 
70 8-8 12/08/92 2.-2 V V 51 43.2 49.4. 51.9 63.11 55.8 57 .8 64, 1 111. 1 68.2 71.0 _76.0 71.7 74;4. 78.1 74.6 72.5 72.3 69.5 65.1 63. 7 63.1 56.9 54.1 50.5 84.1 
71 8-11 12/08/92 3·2 V V 57 44.2 46.1 66.3 53.11 55;9 59.2 58.0 60.3 63,4 1111.3 70.6 71.2 73.6 79.1 77.1 74.2 74.5 69.8 66.5 65.8 61.5 58.0 56.3 52.6 84.3 
72 8-13 12/08/92 3-2 F V L 55 44.4 54.2 69.11 59.1 59.4 60.8 114.11 113.ll. 611.7 119.0 78.8 72.1 72.0 76.11 76.8 73.3 71.1 67.7_ 65.7 65.7 _61.7 58.0 56.9 57.4 84.5 
73 8-15 12/08/92 3-2 V V 54 44.4 45;0 52.0 110.0 57.5 57.158.7 80.9 64.4 70.8 75.7 73.7 74.2 74.8 73'.2 72.4 70.4 68.3 64.5 61.9 58.7 55.2 54.149.8112.9 

------.-4-8•c17-12/-08/92-3~2-Y-Y-5.8-41-.3-50.L50.4-64;_5_5a •. 8--63.ll_:_117-.4-68 .• 2-72.-1-72.7-79.4-73.3-74 •. 0-75.2-74.3--7'3-.9-7'2-.,7-69.3-68.-1-64~6-60~-9-58.0-54~4-52-.0-84.-,,_------
75 8-22 12/08/92 3·2 V Y 55 41.0 42.8 59.9 151 .7 54.8 82.4_ 81. 7 111.0 .113.9 88.0 74.9 72.5 74 .• 0 79.6 77 .O 73.11 70.11 68. 7 .65.5 64.9 60.3 57 .o 53.3 49. 7 84.5 
76 8-23 12/08/92 3-2 F V .L 58 43.2 49.2 58.8 .80.0 54.7 57.8 58.4 59.4 81.4 71.11 118.6 68.0 74.7 74;5 73.5 71.6 69 .• 2 67.4 6!5'.0 6.1.8 58.7 57.9 54.3 48;6 81.7 
77 8-24 12/08/92 3-2 H v 59 42,843.8 52.9 &11.0 57.3 112.1 &s.o 62.5 68.6 72.9 78.1 74.9 74.9 11.s 74.& 12.2 10.2 &1.1 &4.7 &3.4 59 .• 8 57.s 59.4 5&.o·a4.6 
78 8-25 12/08/92 3-2 V V 46 44.3 47.7 64.5 55.5 58.8 61.5 58.11 60.7 61.8 68.11 75.7 69.6 72.4 711.0 72.2 71.8 69.4 67.2 _63.5 60.3 58.0_ 55.4 57.0 56.0 82.3 
79 8-26 12/08/92 3•2_ V V _ 48 44.7 53.3 87.6 55.2 58.9 63.2 60.8 62.2 64.9 72.8 73.11 72.0 72.2 72.4 70.2 70.6 68. 7 66. 7 63.4 63.4 60. 7 57. 7 55.6 51.5 81. 7 
80 8-27 12/08{923•2 F V L 60 44.7 46.2 59.9 53.4 58.4 57.B 58.0 57.3 63;0 73.1 71.4 71.2 77.8 77.4 73.3 71;8 69,866.5 54;3111.3 58.3 56.5 56.4 49.6 83.5 
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12/08/92 3 TR V 52 40.1 44.5 47.8 62.2 54.4 53.3 60.0 55,0 54.5 63.0 66.5 68.6 70.7 75.4 73.3 70.9 68.2 65.1 62.6 61..0 56.3 53.4 50.2 46.5 80.6 
7/21/94 3·2 V 53 40.6 44.7 62.1 52.1 55.3 56.0 56.0 58.4 60.6 64.9 78.9 68.1 68.3 74.0 68.8 67.4 65.1 63.3 61.4 56.9 53.2 52.3 50.7 47.8 81.6 
7 /21 /94 3-2 V V 58 44.0 47. 1 62.7 47.6 52.9 60.3 56.9 81 .5 83.!i 62.8 70. 7 72.9 70.2 71.9 69.2 69.5 69.1 68.0 68.2 6.7 .5 63.5 60.6 56.3 52.8 80.6 
7/21 /94 3-2 V V 54 39.2 48.4 51.3 61.3 52. 7 55.5 59.6 80.4 67 .6 88.4 74.0 70.1 73. 7 73.0 71.0 70.3 71.2 67 .3 64.0 62.3 60.3 58.1 56.3 51.9 81.5 
7/21/94 3-2 V V 50 39.0 51,060.2 54.4 !10.7 !11.8 56.0 58.2 58.9 60.4 75.3 67.4 66.3 72.5 7.0.5 67.9 66.4 67.1 61.2 58.8 56.6 56.3 54.6 51.2 79.9 
7/21/94 3 FB L 51 36.2 38.9 !54.5 !14.6 58.1 !16.3 59.S 67.!5 72.1 78.4 88.8 89.1 71.1 71.8 73.3 71.9 67.4 65.5 63.6 62.0 59.5 57.1 55.4 54.6 82.2 
7/21/94 3 T V 48 36.0 44.6 !10.9 !11.3 41.!I 113.8 113.4 99.0 67,3 72.961.2 66.8 70.9 73.1 70.5 69.1 70.8 64,562.9 61.8 59.6 57.2 54.8 49.5 80.2 
7/21/94 2-2 V V 45 44.3 48.2 44,281.0 !12.4 110.1 114.7 !18.11 !17.!I 83.9 82.0 84.9 69.9 70.2 67.8 6!1.6 66.2 64.!I 64.1 58.5 55.9 53.6 52.6 50.4 76.9 
7/21/94 3-2 V V !12 40.1 44.8 !18.!I 49.1 113.!I 112.9 !12,0 119.1 119.8 83.8 73.7 69.0 87.4 72.0 70.4 67,468.0 6!1.2 62.9 63.6 58.1 58.0 54.1 52.3 79.5 
7/21/94 3-2 V V !10 41.1 !17.7 48.7 !19.1 83.2 59.7 !17.9 83.7 81.2 88.0 70.9 8!1.7 68.8 88.4 67.8 67.0 70.!I 70.0 67.2 6!1.9 62.6 62.7 65.3 62.9 79.8 
7/21/94 2·2 V V !15 3!1.8 40.1 !1!1.7 !19.1 !12,3 !1!1.7 85,!I !17.9 81.6 86.6 61.7 6!1.7 87.4 71.0 69.!I 68.3 67.7 66.8 68.8 67.1 61.1 SB.ii 55.9 50.7 78.9 
7/21/94 2-2 V V 39 42.4 48.7 83.8 !10.8 !12.1 57.8 50.!I 57.1 !18.9 84.8 68.8 88.7 8!1.4 66.0 6!1.8 64.5 63.6 61.4 58.0 56.1 53.2 52.6 52.0 49.0 75.6 
7/21/94 3-2 FB VU 48 40.0 44.9 81.3 48,9 !12.9 !19.8 62.4 !19.4 82.8 88.2 88.0 87.1 74.8 72.8 68.9 67.4 65.0 61.6 59.8 57.9 56.5 52.5 49.8 50.7 79.6 

V 54 7/21/94 3-2 V 40.!I 4!1.2 88.9 49.0 !18.4 !18.4 58.3 81.!5 8!1.2 75.5 7!1.!I 78.7 73.3 73.1 72.!I 73.0 71.2 70.1 72.8 72.5 72.3 66.1 66.6 59.0 84.7 
V 46 7/21/94 3-2 V 43.1 38.0 82.8.!14.8 !1!1.9 !1!1.0 !14.8 !19.2 82.9 83.7 63.!I 88.4 70.7 71.3 69.0 67.4 66.0 64.1 61.2 SB.ti !17.4 55.7 56.5 50.4 78.0 
V 54 7/21/94 3-2 V 42.0 49.0 !18.3 !1!1.2 54.7 82.6 119,798.0 70.1 88.0 69.4 69.2 71.7 711.8 73.!I 72.6 69.9 68.1 67.4 6!1.4 64.1 62,0 59.8 56.7 82.4 
V 53 1121194 3.2 r 3!1.3 43.3 411.3 63.is so.ii 112.!i 11i.a s1.s s8.e 62.1 69 .• 8 10.4 1s.s 1e.2 73.3 10.1 6e.il 6e.2 66.2 63.1 60.5 60.s 59.6 se.9 e2.1 
V 50 7/21 /94 3-2 V 36.!I 40.2 57.3 58.'7 !18.9 !18. 7 !18.8 82.!I 63.ii 66.8 80.0 71.2 70.2 7!1.!I 72.2 71.4 70.0 68 •. 9 68.0 64.1 62.2 58.6 57 .6 54.2 83. 7 
V 45 7/21/94 3 D 40.!I 43.2 !18.3' !13.8 !12.S 59.b 55;3 !17.8 60.4 85.0 64.8 80.!I 71.1 69.8 71.2 67.!I 6!1.8 67.3 111.8 60.0 58.4 56.4 53.8 51.2 82.5 
V 58 7/21/94 3-2 v 3!1.8 47.4 57.4 68.o !14.7 59.!I 80.8 82.0 is4.4 66.9 68.9 73.1 10.2 10.4 10.111.0 6e.6 61.1 10.0 65.e 66.s 66.3 65.1 66.3 e1.4 
V 58 7/21/94 3-2 v 46.·4 44.il !13.7 68.2 60.b 82.3 61.0 63.3 84.o 62.6 12.0 68.9 68.4 75.8 69.1 67.9 6e.o 65,1 64.3 63.7 64.o 62.0 55.7 50.4 so.a 

7/21/94 2-2 V .42.0 48.2 !13.2 82.7 58.1 !17.9 150.3 !19.!I 58.1 59.8 61.9 75.5 71.3 74.5 73.8 73.9 71.7 69.8 65.4 62.0 59.9 57.7 58.2 53.0 82.2 53 
V 44 7/21/94 3-2 T 38.4 40.3 57.0 50.8 54.7 !19.1 !15.6 55.!I 61.2 73.0 71.2 66.3 67.9 70.7 69.8 66.3 66.4 64.4 62.8 63.2 60.2 56.0 54.1 49.4 79.3 
V 48 7/21/94 3-2 V 46.1 46.7 !10.9 6!1.8 57.8 63;0 81.!I 62.2 114.5 88.7 70.2 69.8 72.2 76.4 71.9 70.2 68.0 66.1 65.1 65.1 62.4 60.4 58.0 57.8 81.7 
V 58 7/21/94 3-2 V 42.8 43.1 !14.!I 156.1 !15.9 54.1 58.0 !18.8 60.0 69.0 72.4 70.0 69.1 73.9 71.7 71.1 69.6 67.4 66.0 62.9 60.8 57.8 56.1 51.2 81.0 
V 51 7/21/94 3·2 V 40.1 57.0 62.3 !1!1.1 52.0 51.8 !17.5 54.!I 5!1.8 61.7 72.3 65.0 69.0 71.7 69.5 65.!I 64.7 63.3 61.0 60.7 57.2 56.3 53.9 49.4 78.4 
V 48 7/21 /94 3-2 V 3!1.8 41.2 81.4 !11.4 56 •. 2 55.8 58.!I 6!1.2 67 .2 65.4 73.4. 69.4 69.0 70. 7 69.4 67. 7 67 .1 66. 7 67 .8 71. 7 66.3 64.9 62.4 56.8 80.8 

7/21/94 3-2 V V 49 42.8 50.8 82.7 !17.8 58.7 159.3 84.4 66.6 62.2 72.1 89.6 68.4 71.8 72.6 70.2 69.9 67.8 65.4 62.6 62.0 60.6 58.5 57.2 51.6 80.6 
7/21/94 3,2 FB V L 52 38.9 49.6 50.5 84.0 57.7 60.7 81.5 64.2 70.2 77.0 81.7 76.3 69.9 73.3 73.7 74.5 75.!I 73.0 74.2 70.6 65.8 61.6 57.8 54.5 86.4 

110 8•7!1 7/21/94 3-2 V V !13 37.2 39.4 !18.1 49.6 !18.!I !19.!I !11.4 !13.!I !16.9 57.8 60.3 64.5 71.!I 71.2 69.6 68.8 67.4 65.3 61.8 58.6 56.1 54.1 54.4 49.3 78.0 
111 8-76 7/21/94 3-2 FB V 48 44.8 4!1.7 66.7 46.4 !14.8 60.7 59.0 58.2 65.5 71.8 7!1.9 70.7 68.3 71.4 68.0 68.6 67.5 68.1 72.0 73.1 67.6 61.6 58.1 55.0 82.2 
112 8-78 7/21/94 3 T V 49 38.5 40.9 49.0 !12.8 52.5 50.6 55.9 58.8 59.6 67.9 72.7 84.3 6!1.4 69.7 70.5 66.1 64.5 64.3 62.7 61.1 56.0 53.1 50.9 47.4 78.3 
113 8-79 7/21/94 3-2 V V 50 49.6 46.!I 61.!I 62.8 58.7 59.3 62.4 62.9 63.4 75.6 69.0 67.9 70.0 69.7 71.2 68.2 66.7 67.4 67.5 66.0 61.1 61.5 58.5 51.8 80.9 
114 11-2 09/17 /92 3-2 V V 51* 39.2 39.4 61.8 53. 7 56.3 58. 7 59.1 60. 7 59.7 67 .2 71. 7 71.5 73.1 74.4 71.2 69.2 68.4 67. 7 64.1 64.1 60. 7 61.9 58.8 54.8 81.2 
115 11-4 09/17/92 3-2 V V 53* 4!1.3 54.7 !14.5 67.8 !17.3 60.8 84.8 6!1.6 60.6 67.7 72.3 71.9 73.7 73.5 70.!I 71.2 68.9 67.7 65.3 63.8 60.2 61.7 56.7 51.3 81.7 
116 11-5 09/17/92 3 G V 48* 49.2 42.0 44.9 61,7 !12.7 56.2 !19.9 62.1 62.769.4 68.3 68.!I 69.5 10:3 69.4 70.2 68.5 70.5 67.9 67.3 63.9 63.6 63.6 62.1 80.4 
117 11·8 09/17/92 3-2 V V 53* 46.2 50.9 58.2 58,460.3 58.4 60.5 59.8 64.5 65.9 74.8 71.6 72.6 73.6 70.5 68.9 66.9 65.9 63.7 61.6 59.0 59.9 56.1 55.9 81.2 
1.18 11-10 09/17 /92 3 F V L 48* 37 .3 38.2 42.!I 64.1 57 .O 56.1 !18.6 !14.!I 61.1 68.1 79.0 70.0 72.9 74.6 72.6 73.6 70.6 68.0 65.4 64.2 63.2 70. 7 64.5 57 .5 83. 7 
119 11-11 09/17/92 3-2 V V !13* 42.4 !10.4 56.2 61.4 57 •. 6 58,4 60.5 !18.8 60.0 6!1.1 67.3 74.2 77.9 73.4 71.1 70.2 68.8 66.9 6!1 .• 3 63.5 60.9 60.3 60.!I 57.2 82.3 
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Figure C-8. Heavy Trucks - Upgrade, Controlled Access Roadways 
(Continued) 
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120 11-14. 09/17 /92 3-2 T V 53* 37.8 48 •. 9 51t.:u2.o 57,2 60-7 85,8 82,4 01.e 12,1c 70,Q _71.!L74.6 11.2 7J)._6 68.3 67,5 65,5_ 64.2 68.L 65.5 63.7 60.6 53.1 81.6 
____ _.,12....,1 tt-t5-09:ft7f9~~ 52* 4~~-t 59,4-ez;-c,eo-;1> 60.8 60.4 tlZ;lf-72.7 .n.~]04J_2.8 73.4.6g-;a-,-6!r;2 6f!.4 _64.!62,1__5!1._6 ~-5JS9,,JUir.:!l'-5~4~.~_5_~a"'o_~.9~.~----~ 

122 11 ·16 09/17/92 3·2 V V 52*. 48.8 45.5 58.9 54.8 53. 7 57 ,1 81.8 58.9 81. 1 62.5 73.8 70.3 70.4 74.0 71.4 69.2 87. 7 65.9 67.2 64.0 59.3 59. 7 57 .6 56.0 80.8 

..... 
0 
\0 

123 11.20 09/17/92 3 ·. D V 48* 40.0 38.i> 52.9 75.0 83.1 52.8 85.9 70.9 73.4 68.7 66.2 67.3 70.8 69.8 67.3 68.5 66.1.64.5 61.9 61.1 59.4 56.2 54.6 49.6 81.3 
1.24 11-22 09/17/92 3·2 V V 54* 42.5 48.4 54.1 57.7 55.4 57.0 81.0 60.4 63 •. 4 ISIS.7 71.4 70.7 73.2 75.2 74.1 69.2 66.a 65;8 64.7 60.1 58.2 58.6 58.4 57.2 81.5 
125 11-23 09/17/92 3·2 v. V 54* 44.3 47.15 81.4 62.8 61.8 64,1 94~8 85.7 87.7 87.1 73.1 70.8 73.8 75.4 72~1172.7 69.9 87.7 85.6 64.7 62.4 62.0 59.7 57.2 82.5 
1215 11-24 09/17/92 3,2 V V 58* 48.149.262.9 55.7 58;0 57.9 85.8 83.7 156.2 69.9 71.1 .77.9 78.7 74.1 70.5 69.3 68,866.8 64.6 62.4 61.0 60.8 60.4 57.8 83.3 
127 11•27 09/17/92 3 G V 415* 42.15 47.9 45.3 158.0 58.1 57.0 59.1 81.1 &7.172.7157.3 68.4 72.2 70.tl 69.7 158.1 67.3 65.3 62.2 60.6 58.2 57.8 56.3 50.2 80.1 
121 11-21 09111/92 3.2 v v 53• 35.4 42.3 61.4 111.a sa .• 11111.1 111.1 80.1 ea.a 13.110.3 11.si 74.15 11.1 10 •. 0 69.4 &9.& 67.4 63.1 6t.4 59.2_59.1 118.1 56.3 81.4 
12911-30 09/17/92 3 D V 49* 42.1 44.4 65.0 72.8 51.5 59.i 82.7 81.2 85.8 75.0 72.2 75.0 71.4 72.2 73.0 71.4 70.6 70 0 1 67.5 67,965.6 64.3 61.5 57.8 83.3 
13011-33 09/17/92 3·2 F V Ll4* 4_0.9 45;3 60.4 55.2 59;5 60.3 81.8 87 .1 67.7 7_3.0 71 .4 73.8 73,5 73.5_714 ~--L~8-l~5~~ _6~,3_§5,_:f. 5g_,_3 60.j__Ji8_.JU!3-,7 ~.J_ 
131 11-34 09/17/92 3-2 D V · 55* 39.1 48.1 57.1 84.1 82.3 86.7 as.a 82,7 815;6 85.7 74.5 75.4 72.8 74.2 72,7 70.8 69.1 66.7 65.5 65.1 62.1 59.1 !US.5 51.8 82.7 
132 .11-35 09/17/92 3-2 T V 56* 43.2 44;144.3 84.2 55,5 58;0 81.7 83.1 84.4 77.5 73;0 73.5 77.0 72.7 10;9 70.0 69.2 67.8 64.9 63.5 60.4 57.9 56.1 54.9 83.4 
133 11-36 09/17/92 3 TR V 51* 33.0 37.8 82.9 48 .• si 52.2 59.9 01.5 58.8 68.5 88.7 71,8 70.2 71.3 72.9 72.5 68.5 72.1 65.9 65.5 67.0 62.5 59.6 56.3 50.9 81.3 
134 11·38 09/17/92 3·2 V V 51* 41.1 45.5 50.4 52.8 58.1 57.5 83.8 58.5 154,272.2 89.9 71.2 74.4 71.4 68.3 68.8 68.0 64.3 62.0 59.7 57.8 55.5 53.6 48.8 80.6 
135 11-39 09/17/92 3·2 V V 51* 44 •. 4 45.7 59,0 57.5 58.8 58.8 58.6 68.8 87.8 72.0 12.2 70.5 73.2 70.8 68.1 67.6 65.9 64.i 62.1 58.8 55.9 54.0 53.9 53.6 80.5 
136 11-40 09/17/92 3·2 V V 53* 41.8 50.8 81.7-57.5 54.8. 57.4- 81.0 59.8 88.3 88.a 158.1 71.6 75.5 74.CI 70.3 67.7 66.9 64.2 62.5 59.8 56.6 55.3 53.4 53.0 81.0 
137 11-42 09/17/92 3·2 V V 55* 43.9 45.4 52.8 71.fl 58.0 81.8 84.8 82.5 72.4 77.0.711.7 75.1 73.7 75.2 75.5 75.5 75.2 74.171.869.1 67.1 63.1 59.7 53.6 .86.2 
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1 12-3 12/03/93 3-2 V 
2 12-7 12103/93 3-2 v V 
3 12-8 12/03/93 3-2 T V 
4 12-11 12/03/93 3-2 D V 
5 12-12 12/03/93 3-2 T V 
6 12-16 12/03/93 3-2 T V 
7 12•19 12/03/93 3-2 V V 
8 12-22 12/03/93 3-2 T V 
9 12-25 12/03/93 3-2 V V 

10 12-27 12/03/93 3-2 V V 
11 12-28 12/03/93 3-2 D v 
12 12-29 12103/93 3-2 v V 
13 12-30 12/03/93 2-2 V V 
14 12-33 12/03/93 3•2 T V 
15 12-34 12/03/93 3 T V 
16 12-35 12/03/93 3-2 T V 
17 12-37 12/03/93 3-2 V V 
18 12-39 12/03/93 3-2 V 
19 12-41 12/03/93 3-2 V 
20 12-43 12/03/93 3 D 
21 12-46 12/03/93 3-2 V V 
22 12-48 12/03/93 3-2 V V 
23 12-51 12/03/93 3-2 V V 
24 12-52 12/03/93 3-2 V V 

Figure C-9. Heavy Trucks - Downgrade, Controlled Access Roadways 

1 3 L 
1 2 6 Iii 

s 1 1 2 3 4 !i & 8 2 1 A 
p 5 & 8 0 2 IS 0 5 1 .0 0 3 0 1 5 & 2 !i 5 4 5 3 8 0 X 
D 0 3 0 0 5 0 0 0 5 0 0 0 0 K K K K K· K K K ic K K A 

60 41.& 39.7 4&.8 51.9 55.1 52.8 59.1 57.!i 59.6 66.0 67.5 81.5 &9.1 70.3 76.9 73.5 70.4 66.3 62.8 58.5 55.2 53.& 47.5 43.9 84.2 
&1 3&.o 44.si so.9 53.3 58.7 59.1 &o.6 53.s 159.s &7.9 6e.2 75.7 10.1 74.o 75.4 12.3 12.3 69.a 63.8 60.s .s1.1 53.7 so.a 4!5.5 12.9 
58 37.0 41.9 58.0 !54.!5 55.1 &0.4 57.& !57.1 &2.0 &5.9 71.0 66.& 82.0 74.1 74.0 75.0 70.3 69.0 6&.4 &6.0 58.5 56.2 !53.4 48.!5 84.7 
so 44.2 45.2 5o.o &&.& 57.2 !57.0 &3.9 &4.5 &a.3 10.a 77.3 69.1 11.a 75.3 7!5.4 1s.e 71.3 ea.a 67.7 &4.1 60.3 ss.1 s2.a 48.4 &3.a 
58 45.5 49.& 5&.& 55.1 &1.5 &1.4 70.1 &5.1 &9.2 68.7 70.4 &9.2 87.4 74.& 75.5 79.5 71.!5 70.8 66.!5 64.2 60.7 56.7 !53.4 50.0 89.0 
!5& 39.& 47.8 48.1 54.5 58.3 &2.2 55.& &4.& &5.3 75.7 &3.8 64.1 79.il 70.1 70.2 70.5 67.5 6&.2 63.1 58.& 57.4 !52.8 48.8 44.9 83.2 
!57 43.1 45.9 55.1 !5&.2 &0.2 &0.3 57.il 71.4 118.2 118.1 84.!5 72;& 70.5 75.9 73.7 71.1 68.6 &5.7 63.1 !59.2 !56.7 !56.0 50.0 46.2 86.3 
sa 44.9 4&.s 41.1 s1.a s4.1 s4.1 se.s e2.e e1.o &9.2 12.3 as.114.412.9 11.e 11.0 11.0 &9.4 e6.3 64.3 sa.9 s6.2 48.3 4!5.1 81.4 
58 47.3 44.5 49.7 so.3 st.o 57.4 &4.3 &5.o &&.3 ea.s 71.4 es.a 12.a 75.3 12.a 10.6 69.9 68.3 6&.s 62.2 58.2 57.4 47.3 43.9 81.6 
51 38.9 45.7 4&.5 54.4 55.2 !5&.o 58.3 59.2 &4.1 &3.9 80.4 71.7 &6.1 79.7 75.2 73.4 70.1 66.7 64.3 59.8 56.9 55.2 !51.4 44.7 84.8 
59 44.4 38.8 49.8 &5.5 60.0 59.9 62.7 eo.!i 64.il &9.5 72.& 73.9 69.3 75.0 74.4 74.0 73.0 69.1 &4.7 63.2 !59.5 55.5 54.5 46.4 82.8 
&2 42.0 42.7 '48.2 52.2 54.9 50.9 59.2 53;0 &4.7 64~9 7!5.2 &9.8 69.& 74.5 74.3 72.2 69.& 66.9 66.1 62.2 57.8 !55.9 50.2 44.6 81.9 
&7 3&.9 41.1 44.3 s2.2 49.i &o.o sa.a 59.1 !iii.a &2.9 eo.!i &4,0 es.a 68.9 75.1 11.2 68.2 67.4 6!5.2 62.1 !57.7 54.0 so.9 46.o 79.7 
s1 41.1 43.2 41.1 4i.4 515.3 51.e so.a 73.7 e2.1 as.a 13.3 511;7 69.a a2.o 74.6 13.2 10.4 61.2 6!5.3 61.a s9.4 59.9 54.6 so.4 &4.a 
54 50.7 46.3 !51;& 72.7 &3.2 73.5 75.1 79.& 72.2 &9.9 78.1 80.1 86.4 80.9 75,8 80.'i 78.2 77.8 78.2 77.0 77.2 75.6 73.8 72.5 91.6 
74 45.2 45,154.3 59.8 &1.9 &1.1 &4.3 67.0 &9.8 &8.9 73.il 84.1 73.7 75.5 79.3 7!5.0 73,570.8 68.8 67.2 63.4 61.2 55.9 50.3 87.3 
51 42.0 45;7 58.2 55.1 56.3 55.8 61.2 &1.4 &4.4 &9.5 72.9 70.5 70.7 75.1 73.9 73.7 70.& 67.3 65.1 60.7 !56.7 53.9 51.0 46.1 82.3 
51 43.2 4&.5 49.0 47.3 55.2 !12.5 57.8 55.8 &1.2 151.2 &3.9 &!i.& 71.& 75.8 72.7 71.9 66.9 64.4 61.9 58 .• !5 54.1 !52.0 48.3 44.2 80.7 
65 39.2 45.9 51,358.0 &4.3 &&.2 &9.3 &8.4 75.0 81.0 74.8 75.4 75.& 7&.9 79.2 77.8 73.5 71.5 69.6 67.8 62.8 !59.4 5!5.8 50.4 87.3 
65 39.8 4&.9 49.0 &&.& 57.4 ss.il &9.9 &4.0 65.4 71.9 72.1 80.6 77.8 81.9 80.1 75.9 73.9 73.2 70.0 65.3 62.4 61.2 56.8 54.4 87.7 
sa 43.s 47.8 55.o ii1.o isi.t &3.o &0.4 55;a as.2 &4.7 71.9 10.8 &&.8 7&.9 75.3 73.2 10.1 65,3 53.2 59.2 57.2 ss.9 49.9 51.5 82.3 
60 48.9 39.9 49.8 53.2 55.7 58.8 &1.8 &7.4 &3.5 &5.9 73.1 75.0 70.& 7!5.1 75.7 79.7 72.1 &9.5 69.2 65.7 63.5 59.1 55.6 52.7 84.7 
!59 44.4 47.!5 42.1 51.2 53.7 !57.7 &2.0 61.4 &5.& &4.1 7!5.2 &8.0 &&.1 77.1 74.1 73.0 70.2 66.1 62.6 59.3 !5!5.8 56.1 49.6 45;4 82.3 
!53 4!5.s s4.4 53,2.s2.s sa.s ao.2 sa.9 s8.3 sil.1 e1.o 74.3 as.ii eil.o 19.2 11.3 10,969.1 66.!5 63.s s9.o s5.9 s2.2 46.6 45.9 82.3 

2!5 12•53 12/03/93 3·2 F V L &.4 42.3 52. 7 &4.0 &2.5 &2.0 118.!5 71,4 72.& 72.8 71.1 75.3 80.3 73.& 78.1 81.1 7!5. 7 73,& 71.!i 69.6 69.6 63.6 58. 7 54.5 49. 7 87 .3 
26 12-56 12/03/93 3 D V !58 40.2 42.8 43,2 58,& !5!5.1 55.9 &0.1 &0.0 &9.0 79,7 &&.3 &!5.5 75.0 74.1 74.8 72.7 70.3 68.4 65.7 67;4 63.4 60.8 55.2 52.6 84.0 
27 12-58 12/03/93 2·2 V V 58 44,2 4&.6 52.8 58.0 59;0 !58.7 &1.1 &5.2 &5,7 118.9 74.& &8.2 71.0 7&.!5 74.8 73.0 71.3 69.!5 66.0 65.8 66.3 64.7 53.6 47.7 83.0 
28 12-!59 12/03/93 3·2 T V 71 37.6 41,& 4&,& 49,360.8 !58.& 58.7 59.1 &3,9 64.1 71.0 72,6 &7.2 80.4 80.!5 73.7 70.3 69.6 64.7 61.0 58.3 56.5 53.0 46.5 85.0 
29 13-1 12/07/93 3-2 V V 70 !50.0 !55.9 54.2 !59.1 !58.3 65.1 69.5 69.0 70.3 77.4 80.8 74.9 7!5.4 74.5 73.9 73.8 71.!5 70,0 67,264,261.5 59.8 56.5 50.7 85.9 
30 13-2 12/07/93 3·2 F V L 4& 48,048,958.0 5!5.1 57.9 65.3 &&.1 &&.7 71.5 73.1 73.3 73,7 7!5.8 75.4 75.7 73.7 73.2 70.2 69.0 66.7 63.3 61.!5 57.9 57.!5 84.!5 
31 13•4 12/07/93 3·2 V V !55 43.0 48,2 !51;7 !5!5,7 59,4 !59.3 63.4 &2.7 65.7 67.8 70.7 70.9 78.& 78.7 72.7 69.6 68.3 66.9 63.9 61,160.1 55.7 51.8 47.7 83.6 
32 13.7 12101/93 3.2 v v e1 47.!5 s1.3 53.2 s1.3 &1.e e2.1 ea.a 63.& ea.4 10,911.112.61s.1 11.9 12.3 12.111.a 69.o 66.& 63.s 62.6 61.0 56.2 51.2 84.3 
33 13-9 12/07/93 3-2 F V L 59 38.4 41.!5 49.8 54.0 !57.1 60.8 65.2 63.!5 70.1 73.7 7&.1 7!5.7 7&.4 77.8 7&.0 76,773.9 71.4 70.0 68.3 6!5.8 62.6 59.4 55.4 85.7 
34 13-10 12/07/93 3-2 V V !56 43,8 !5!5.0 53.3 57,3 !57.9 &2,7 &4.9 53.0 6&,8 72.2 73,470.2 73,2 7&.9 72.!5 71,970.6 66.9 64.2 61,7 58.9 60.1 55.6 50.6 82.8 
3!5 13-11 12/07/93 2·2 V !56 4!5.1 4!5.9 48.4 !50.0 !54.2 !56.9 54 .• 8 56.2 &1.!5 &1.4 64.9 79,8 70.!5 72.2 72.8 70.2 69.3 67.7 67.1 64.7 62.7 58.2 54.2 49.4 82.7 
36 13·12 12/07/93 3·2 V V 5!5 49.1 47.8 53.7 !5!5.4 !53.2 !59.9 60.4 59.3 73.& 69.0 66.1 71.0 73.8 74.6 71.3 70.& 70.2 70.3 68.8 .67.1 61.1 57.2 52.8 48.0 82.2 
37 13-15 12/07/93 3-2 D V 58 46,049.2 51,0 56,!5 !57.1 &1.1 6!5.1 &2,7 72.7 73.1 76.!5 71.!5 74,6 77.0. 74,373.4 71.5 72.4 72.0 70.0 66.0 64.3 62.5 57.8 84.8 
38 13-18 12/07/93 3-2 V V 64 47.5 46.1 !53.7 54.4 !54,5 !59.2 &1.4 66,465.9 69.2 73.7 73.7 74.3 77.1 ·77.0 73.1 70.7 69.4 67.0 64.1 60.7 58.4 54.2 50.0 83.9 
39 13-20 12/07/93 3·2 V V 52 46.2 52,5 54,5 57.2 5&.7 62.9 64.5 63.1 67.0 72.2 75.7 70,973.3 76.5 74.4 73.4 72.3 70.5 66.1 62.9 60.5 57.5 55.3 49.7 83.6 
40 13·21 12/07/93 3-2 F L 56 42.2 44.4 63.6 !56.8 !56,6 71.1 72.2 69,3 75.7 77.7 79.9 7&.7 76.7 76.7 76.5 7!5,!5 74.9 74.5 72.2 70.4 67.4 64.5 60,9 55.1 87,4 
41 13-22 12/07/93 3·2 D V 59 46.9 47,2 54,2 60,& 58.0 58.7 61.0 60.8 511.1 65,1 71.& 71,873.5 76.5 74.9 72.6 72.3 69.7 67.4 63.9 61.4 57.2 52.5 48.5 82.9 
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42 13-.23 12/07 /93 3~2 V V 60 49.2 47.8 5)2.7_ 57.4 55.8 61.!I 62.!I il1.1 Ill!. 7 70.11 73_.8 70.3 77., 76.8 71.4 71.4 69.15 66.9 63-9 60.7 !18. 15$.7 52. 7 47.2 83.1 
-----.0.~•24 .12/87,'93 3-2 V V 11144.4 49.2 .M.0~8-.re • • -ff.rff.~7.t-73.11 71.4 69.5 6~~~t-! ~~-9..§!i-1.51.-_4. 9-4_---.4.--.-----~ 

44 1'3~2s 12101/93 3~2 v v 49 47.4 55:2 59.5 55.3 56.l 112.s 64.7 61.2 64.1 1111.3 71.5 12.1 11.0 74.7 12.1111.0 10.11 67.2 62.9 60.4 58.3 56.7 53.3 47.7 82.5 
. 45 13-27 12/07/93 2-3 T V 67 42.3 51.1 !12,3 59.8 57.5 111.11 70.8 H.!I 70.5 70.3 14,9 76;6 77.1 77.0 711.2 711.0 73.11 71.8 70.8 10.11117.0 62.3 59.8 55.3 85.8 

46 13·28 12/07/93 3·2 T V 66 42.9 49.9 !19.4 !14.2 58,7 110.6 611.3 112,8 il7.4 119.2 78.3 72.3 75;2 79.1 74.9 75.0 72.4 70.3 il7.5 63,7 &1.5.60.7 57.4 53.6 85.1 
47 13-29 12/07/93 3-2 v V 112 50.0.511.9 511.7. 5!1.1 112.1 113.11 10.1 67.2 69.4 70.8 75.1 75.3 74.7 78.0 14.1 7.3.9 72.8 70.5 10.0 64.3 62.8 59.9 56.5 51.6 84.7 
48 13-30 12/07/93 3-2 CC L 111 41.11 51.8 58.7 59.2 60.1182.3118.9 83.0 73.2 89.4 71.2 81.2 77.0 78.6 76.11 74.7 74.0 71.5 70.9 69.3 67~3 63.8 60.1 55.5 86.6 
49 13-32 12/01/93 3-2 V .· 57 45.3 52.8 62.0 58,1 80.4 H,2 119.8 82.1 87.2 72.2 75.4 74.0 75.8 75.3 74.4 74.0 73.2 73.6 69.11. 70.1 117.3 67.2 63.3 60.2 84.8 
50 13·33<12/07/93 2·2 F HU 61 43.4 48.3 49.5 60.8 59.8 63.1 65.7 65.tl 65.1 69.6 71,271.8 70.4 72.5 72.9 72.9 72.7 70,869.1 611.1 63;1 60.2 56.7 52.2 92;2 
51 13-34 12/07/93 3 F V L 58 39,3 45,451,954.0 511,1 61,6 62,8 59.is 73,474.1 77.5 70.!I 71,472.9 72.3 69,8 69.2 65.3 63.3 61.8 59.8 59.6 57.9 55.6 83.0 

_ __ __ __52 13•37 12/07 /93 3·2_ V _ V __ !i~~~5~CJ 511;2 ~-3 58.8 5.0.4 64.9 114.0 77. 7 68.1 75.9 70.5 73.9 78.8 74,8 72.3_ 72.4 71.2 68.0 65, 7 62.2 58.4 54,3 49.!_85.0 

.... .... .... 
53 13-38 12/07/93 3 T V 64 46.1 44.6 49.0 511.5 53.6 61.1 61,780.4 116.7 10.3 7il.9 73.4 74.0 75.175.414.9 73.3 71.6 69.6 67.4 65.5 61.6 59.0 54.6 84.3 
54 13-41 12/0.7 /93 3-2 V V 
55 13•43 12/07/93 3-2 V V 
56 13•45 12/07/93 3-2 V V 
57 13-46 12/07/93 3-2 D V 

57 50.8 54.9 55.1 57.2 57.9 59.2 116.2 116.6 67.8 67.3 74.1 72.1 76.11 74.4 72.1 71.0 70.3 66.8 64.2 62.3 59.8 511.7 57.2 51.1 82.7 
63 44.3 45.7 47.9 55.9 57.5 &3.4 64.1110.1 111.1111.~ 78.2 76.4 14.o 75.o 71.511.2 71.4 67.s 65,8 64.1 62.2 59.155.3 51.8 83.9 
57 44.2 '44.11 52.2 57.1 57.t 60.3 80.!I &1.3 64.7.72.2 72.7 70.4 73.3 72.7 71,670,069.2 67.1 65.6 66.7 67.2 62.5 59.5 53.4 81.7 
59 49,3 50.5 57.4 116.o 85.o 68.3 85.5 65.4 iul.2 12.2 73,1 13.o 11:0 75.6 76,2 73;9 13.1 12.3 69.7 66.t 64.o 61.2 58.2 53.9 84.6 

58 13-411 12/07/93 3-1 D V 83 46.3 50.6 51.5 53.3 54.4 !19;5 il3.9 64.0 72.7 72.1 72,775.6 75.8 75.1 74,973.3 73.4 71.4 69.3 66.7 63.7 62.3 56.4 51.9 84.3 
59 13-49 12/07/93 3·2 F VU 611 44.5 45.1 49.4 56.3.57.4 59;2 &3.2 63,0 115.9 66.8 73.9 71.4 75.2 75.7 75.2 74.2 71.9 70.3 67.8 63.9 61.3 58.8 56.1 49.5 83.4 
60 13-50 12/07/93 3-2 V V 64 46.4 47.1 51.9 !12.5 511.11 59,101.8 59.3 64.& 65.6 13.9 71.8 72,2 7!1.8 15,173.4 73,970.9 67.5 65.7 63.7 59.9 56.5 51.9 83.3 
61 14-f 06/24/93 3·2 F V .L 60 42.8 45.3 5!1.1 51.3 .56.0 '58.7 58.2. 59.4 111.7114.5 78.2 715.0 74.4 74.1 69.IJ 70.3 68.0 .65.8 62.5 60,9 60.2 56.3 52.6 47~7 83.0 
62 14•3 06/24/93 3-2 cc 58 43.i 49.4 56.3 60.9 58.3 5,j;4 82.7 62.3 83.3 64.7 67.8 72.4 75.0 72.2 71,370.0 69.1 68,667.4 66.0 61.8 58.9 55.1 50.9 81.3 
63 14·6 06/24/93 3-2 V V 59 43.1 49. 1 52.0 70.3 55.4 55.6 li1A 55,11 62, 7 65.2 69, 7 71 .9 82.2 74.5 12;2 75,2 71.3 69.3 66.0 64.5 62.5 511.,4 56.2 52 .• 9 85.0 
64 14•9 06/24/93 3-2 V V 62 41.4 48.2 51.8 58.9 55.2 54;6 57.2 56.7 58.2 84.7 75.5 69.3 71.2 75.5 73.9 72.6 72,069.1 67.0 64,3 62.0 58,854.8 49.1 82.5 
65 14-12 06/24/93 2·2 V V 59 48.4 47 .2 !12, 7 54.3 53.3 53.5 &1.4 59. 7 6!1. 7 83.7 72. 7 71;3 78.5 715.3 .72.5 71.1 71,3 .67 .3 64.1 61.3 61.2 58.2 52;3 47.9 83.2 
66 14·13 06/24/93 3 D V 68 42.7 48.1 54.0 50;8 55.9 58.5 52 .• 2 56.1 80.3 68.7 71.5 87.7 70.7 72.2 71.1 74.4 79.6 70.1 67.1 65.0 62.4 59.7 55.2 53.1 83.3 
67 14-14 06/24/93 3-2 V V 
66 14-15 06/24/93 3·2 V V 
69 14-17 06/24/93 3-2 V V 
.70 14-18 06/24/93 3 G V 
71 14-19 06/24/93 4 CM V 
72 H-20 06/24/93 3;2 V V 

81 44.5 44.1 50.1 58.2 50.5 57.8 64.4 62.li 64.6 67.0 73.4 72 •. 1 72.2 71.3 72,071.4 69.1 67.1 64.9 61.7 59.1 56.7 53.2 49.5 81.2 
54 36.2 48.8 48.5 55.1 52.4 52.2 55.8 59.2 56.8 68.0 75.4 159.5 71.5 75.6 72.9 72.2 70.6 67.4 65.0 64.3 61.0 56.9 52.5 47.3 82.1 
52 48.8 48.2 53.2 52.1 51.5 81.188.2 64.2 84.7 85.0 75.5 70.5 73,575.0 72.6 71.4 70.1 69.0 65.3 63.0 60.6 57.5 54,049.0 82.4 
55<49.o 42.1 48.8 81.9 57.5 58.2 6o.9 60.& 64.3 15.3 10.a 68.6 13.4 12.4 15.2 15.o 11.4 68.8 68.1 66.1 60.8 57.4 53.2 52.0 83.o 
53 39.7 48.1 54.7 58.8 58.0 151.7 62.7 86.3 83.2 80.8 89.3 69.3 73.8 73.4 74.6.73,5 72.15 71.1 68.4 65.4 62.8 59,8 56.8 51.4 84.6 
62 48.3 56.Q 51.0 48;9 57.9 55.9 151 .8 85 .• 0 68.0 68.8 88.0 73.0 76.0 73.3 71.4 73.2 69.9 70.3 65,7 61.9 59.5 55.9 50.1 46.8 82.·3 

73 14-21 06/24/93 3-2 V V 151 40.0 48.158.6153.0 55.8 56.4 58.7 60.1 65.2 72.0 82,470.5 71.7 74,873.3 71.0 71.0 68.7 66.7 63.5 61.2 57.9 53.9 53.0 85,0 
74 14•25 06/24/93 3·2 V 61 45.8 48,2 46.5 48.4 55.9 55.8 57.7 60.3 153.1 88.9 73.5 70.4 71,3 72.3 70.2 68.6 69.0 66.7 65.2 61.9 58.5 56.1 52.8. 48.8 80.4 
75 14-26 06/24/93 3 D V 59 38.7 50.5 48.6 51,8 119.1515.7151.3 54.0 59.4 63.9 153,771.2 76.0 74.0 71.6 75.2 70.0 69.7 66.1 62.t 60.2 57,8 54.1 49.6 82.3 
76 14-28 06/24/93 3.2 v v 54 49.448,8 53.11 58.5 59.8 55.o 58.3 59.7 64.4 815.4 10.!I 69,7 74.471.2 69,310.0 68.9 67.3 64.3 62:6 60.2 59.3 56.4 55.8 80.5 
77 14·29 06/24/93 3 F VU 55 43.8 53.2 48,956.3 55.6 81.1 59.7 58,960.1 68.4 71.0 76.8 75.4 73.0.70.4 69.8 67.8 85.1 61.8 60.2 58.6 55.2 51.9 48.8 82.1 
78 14•31 06/24/93 3-2 F VU 54 41.2 42.1 48.2 51.0 49.4 51.4 59.3 55.6 55.5 61.4 79.5 70.5 67.9 75.1 72.2 70.3 67.5 66,062.3 59.6 .56.4 54.0 50.0 45.8 82.6 
79 .14-33 06/24/93 3-2 F V L 52 43. 1 47.6 51.1 57,0 58.5 64. 7 68.8 60.1 .154.1 62. 7 69.2 75. 7 80.3 76.7 73.9 72.2 69,11 69.2 65.9 63,3 60 •. 2 57 .9 54. 7 51.3 84.5 
80 14-35 06/24/93 3·2 U V 58 40.4 48.3 54.2 51,9 56.1 57 .15 72.3 73,3 83 •. 8 70.15 73.2 72.2 72.2 75.2 71.0 70.5 70,9 68, 7 68.2 67. 7 66.8 61. 7 55, 1 51.8 83; 1 
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81 14-37 O&/24/93 3-2 F V 
82 14-38 06/24/93 3-2 V V 
83 14·40 06/24/93 3·2 V V 
84 14-41 08/24/93 3 D V 
85 15-3 8/11/94 3-2 cc 
86 15·4 8/11/94 3-2 V V 
87 15-7 8/11/94 3-1 D V 
88 15-8 8/11/94 3·2 V V 
89 15·9 8/11/.94 3·2 T V 
90 15-14 8/11/94 3·2 V V 
91 15-18 8/11/94 3-2 V V 
92 15-19 8/11/94 3·2 V V 

55 35.8 40.8 49.2 49.7 58.O 55.2 59.& 81.3 81.7 73.8 69.9 &9.3 72.2 74.5 72.6 71.O 71.5 68.1 64.O 62.9 60.1 57.O 52.5 50.8 81.7 
52 44.9 48.& 48.3 55.5 54.8 80.3 85.& &3.8 84.O 65.3 72.8 73 .• 4 74.4 77.7 76.1 73.3 72.7 72.3 70.4 67.6 65.2 60.3 55.5 50.3 84.1 
84 45.& 49.2 49.15 52.4 58.3 58.3 80.5 112.1 &4.9 &5.3 78.2 72.5 73.5 75.7 73.7 75.4 79.3 69.9 89.O 82.8 59.6 56.5 52.7 48.1 84.7 
81 45.4 42.8 58.5 51.O 54.2 58.4 58.3 57.8 85.!S 89.!S &8.7 72.8 88.7 88.9 72.1 88.4 88.O 65.5 82.3 59.9 57.6 56.7 52.8 49.5'79.7 
53 37.8 40.8 47.5 57.1 51.5 58.3 so.1 il5.1 58.8 85.4 88.9 11 .3 73 .• 1 74.1 10.3 68.4 68,8 67 .5 66.3 84.1 62.1 61.6 58.9 54.8 80. 1 
58 48;2 45.5 51.8 53.8 58.O 57.O 57.5 87.5 81.0 84.7 89.5 88.5 87.5 70.1158.6158.2 87.4 64.9 62.7 59.4 57.1 56.O 53.O 47.2 78.5 
515 48.139.15150.7 &0.8 52.5 53.2 58.158.4151.8 115.15 69.1 158.15 70.5 73.5 158.1157.5155,9 63.4 60.1 59.5 59.9 58.7 56.2 54.6 79,1 
59 50.9 50.3 515.7 58.4 54.O !52,0 54,557.3 151.2 113.2 71.4 157.5 157.9 74.O 69.8 157.2 67.15 63.4 62.6 61.9 60.8 63.O 61.1 59.5 79.5 
58 44.O 42;0 53.15 82.9 58.3 57.4 58.9 59.2 83.5 815.1 71.8 70.9 71.9 73.5 71.4 69.9 67.8 67.3 154.5 63.1 60.6 57,057.0 50.6 80.7 
65 51.1 48.4 55.8.58.0 55.8 58.4 81,9 154.8 1515.9 159.4 70.3 74.O 75.1 74.0 72.6 69.8 69.O 67.6 65.2 62.O 60.7 58.7 54,6 50.8 82.1 
515 50.3· 48,565.5 57,157.2 151.15 81,281.4 84.4 70.7 75.3 72.5 71.8 73,370.15 71.2 68,969.5 66.8 86.4 65.9 66.5 61.6 60.1 82.4 
82 49.9 52.4 52.7 55.15 54.7 55.8 151.8 il1.0 1515.2 85.0 7O.O 72.1 74,374.9 69.7 68.3 68.365.4 62.4 59.4 57.7 55,3 52.9 49.5 80.9 

93 15-20 8/11/94 3·2 FB VU 57 37,1 47.9 415.2 55.2 !S5.9 51,5 58.15 92.1 .155.3 65.2 158.9 70.2 7O.O 71.2 70.5 158.9 66.9 64.1 62.2 58.9 56.6 55.2 51.4 47.9 79.1 
94 15-215 8/11/94 3 FB V L 59 33.8 38,943.9 50.15 52.2 49.0 49.3 94,5 80,4 154.3 65.9 88.1 77.O 69.9 71.3 69.& 66,6 66,162.5 59.5 56.7 53.3 51.3 47.6 80.4 
99 15-27 8/1.1/94 3·2 V V 57 52.8 54.9 54.9 151.3 81.1 98.O 52;5 151.9 &3.1 1515.3 78.4 71.3 74.9 73.4 70.7 69,4 68.4 67.7 64.3 61.7 60,4 58.6 54.O 49.6 82.O 
96 15-29 8/11/94 
97 15-30 8/11/94 
98 15-34 8/11/94 
99 16-1 8/3/94 

100 16·2 8/3/94 
101 16-4 8/3/94 
102 16-5 8/3/94 
103 16-6 8/3/94 
104 16-7 8/3/94 
105 16-8 8/3/94 
106 16-9 8/3/94 
107 16-10 8/.3/94 
108 16-11 8/3/94 
109 16-12 8/3/94 
110 16-13 8/3/94 
111 16-14 8/3/94 
112 16-15 8/3/94 
113 115-1& 8/3/94 
114 16-17 8/3/94 
115 16-18 8/3/94 
116 16-20 8/3/94 
117 16-21 8/3/94 
118 16-22 8/3/94 
119 16-23 8/3/94 

202 cc 55 33.8 44.9 47,9 54.1 54,752.5 5&.7 515.4 59.2 152.3 10.3 158.2 67.7 68.il 68.5 59;9 69.2 68.1 65.7 64.1 62.9 61.8 57.8 54.7 78.7 
3 TR V 59·35,3 44.8 49.iS 54.O 57.4 54.2 58,958.2 150,1 155,2 73.1 88.15 88.4 7O.O 69,168.5 68.1 69.3 66.6 64.1 61.1 59.9 57.O 53.3 79.6 
3.2 v v 55 44.o 44.4 51.2 53;3 55.5 55.9 58.9 55.5 .so.Ii 154.15 1515.9 &7.5 89.2 73.3 10.1 67. 1 66.3 63. 1 63.2 59.2 57 .1 59.3 50.9 46.1 78.6 
3·2 V V 52 37.8 42.3 52.15 54.151,9151.5 80,363,588.3 7O.O 10;7 70.& 69.8 70.5 77.4 69.5 68.6 67.3 64.3 61.5 59.0 57.5 54.5 51.8 81.7 
3·2 FB V L 58 33.1 36.9 58.9 48.4 53,2 53.4 58,558.8 154;5 &4.4 715.3 157.1 69,071.7 69.1 68.7 67.1 62.7 62.O 59.5 57.3 56.3 55.O 51.0 80.1 
3-2 V V 59 39.3 52,6 57.7 58.3 5t5;3 5&.9 153.3 60.7 151.8 .&4.0 74.4 72.2 70.3 69.5 68.8 69.2 67.3 64.8 64.3 61.1 58.7 56.9 56.3 49.4 80.2 
2·1 V V 56 37.7 47.1 4&.5 48.8 51,554.4 53.O 56.5 57,269.8 73.3 66.4 157.3 69.5 66,966.7 65.5 62.8 59.5 59.2 53.8 52.9 48.6 45.O 78.4 
2·2 V V 56 41.3 44.1 55.7 57.8 52.1 59.1 80.1 82.2 il2.O 80.O &1.8 79.1. 72.1 68.1 67.0 64.1 64.2 63.1 60.1 56.1 52.9. 51.7 49.3 44.1 81.0 
3·2 V V 49 37.3 37.4 49.8 48,850.15 52.8 58.0 53.5 58.9 82.2 73.3 71.2 64,568.5 69.5 67.5 84.5 65.4 62.9 61.3 57.5 55.O 49.6 45.8 78.7 
3-2 V V 58 36.2 40.1 51.2 46.9.45.3 55,352,557.8 54.7 80.9 72.O 78.1 67.7 71.7 76.0 69.4 68.5 65.6 61.4 59.3 56.8 57.O 51.9 46.5 82.2 
3·2 T V 58 41.8 44,2 87.2 49,358.5 87.9 85.1 68.0 65.0 159,2 78.9 75.6 71.6 77,3·71,5 72.O 70.1 66.6 64.1 62.9 60.3 58.2 55.0 55.O 84.2 
3.2 v v 59 40.1 44.O 49. 1 53.2 52 •. 3 58: 1 57.1 57.4 59.6 63. 1 .74.4 .69.4 65. 1 71.9 10.9 67 .9 67 .2 63.6 61.1 58.5 54.9 52.4 48.9 46.5 79.5 
3-2 V V 52 34.9 38.8 62.5 48.4 47.6 59.1 62.7 58.2 72 •. 8 72.4 70.5 66.9 69.0 66.2 67.3 66.2 64.O 61.4 6O.O 59.O 58.3 57.O 54.6 54.2 79.4 
.3 D 62 33.5 42.8 44.9 63.O 61.3 55.O 58.1 59.3 75.O 81.2 67.7 88.3 70.8 70.2 69,869.4 65.8 65.5 63.9 61.9 59.8 57.2 55.2 52.7 83.7 
3-2 V v 57 42.6 4&.8 64.2 52.5 53.5 58.7 55.5 55.9 84.O 64.2 75.7 71.5 71.3 70.5 68.7 67.3 65.2 62.6 60.7 59.3· 57.5 55.6 51.6 48.6 80.3 
3 D V 51 34.3 39.1 50.4 51.8 151.8 54,758.0 60.1 71.2 84.O 89.6 89.2 72.2 71.7 69.7 70.5 68.6 66.6 64.7 62.8 59.5 56.9 55.2 52.8 85.5 
3·2 T V 56 35.8 43.2 47.7 52.9 56.O 58.O 55,856,457.5 61.8 75,168,968.7 72.6 66.8 66.8 64.8 62.O 6O.0 57.5 54.9 53.4 48.5 45.2 79.2 
3-2 V V 52 50.1 47.1 54.1 59.7 54.7 54.& 80.7 58.4 58.8 152.4 87.4 70.5 70.4 7O.O 158.7 66.8 67.3 65.O 63.3 60.3 57,555.3 50.6 46.4 78.4 
4 V L 49 40.3 44:O 64.3 48,855.7 85,152.0 54.7 58.5 81.3 88.4 63.9 71.3 72.1 70.1 69.6 68.2 66.1 64.7 64.O 60.2 59.4 56.4 51.3 83.4 
3·2 V V 47 41.1 45.6 48.1 55.9 54.5 57.7 59,554.0 62.& 68.6 73.2 615.1 &8.2 69.2 67.5 66.6 65.7 64.1 59.9 58.3 56.1 56.3 50.2 46.8 78.5 
3·2 D V 52 40.8 45.8 58.2 50.8 54.4 57.O 57.4 59.2 58.2 &7.0 68.2 70.7 66.7 71.4. 69.8 68.2 66.6 63.7 60.6 57.5 54.7 52.1 48.4 45.O 78.5 
3-2 V V 51 40.6 43.8 48.8 49.1 51.3 53.8 52.2 53.9 58.7 57.2 59,763.2 69.7 67.0 64.8 64.2 63,661.9 60.2 56.2 53.2 53.O 48.3 43.9 74.9 
3·2 V V 55 42.7 41.8 61.6 50.9 55.& 61.2 58.& 65.6 59.9 6&.8 76.O 69.1 68.2 73,170.9 72.O 67.4 65.5 64.8 63.4 61.1 60.7 57.2 52.1 81.3 
2·1 V V 49 40.15 42.5 51.4 65.5 54.9 54.4 56.4 57.7 59.1 75.4 71.2 158.3 66.4 67.4 66.6 65.6 64.3 62.8 62.1 57.8 56.O 55.1 52.4 48.7 79.2 



s 
N 0 
U B 
M S 

D 
A 
t 
E 

A 
X 

.. L 

s 
V X L P 
T H C· D 

11 
'o 

Figure C~9~ . Heavy Trucks - Downgrade, Controlled Access Roadways 
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120 1&•24 8/3/94 3·2 V V. 1111 41.9'41.& 82,053.5 112.li !ii.:t.117.8 515.8 &4.1 &5.& i2;5:70~8 70.8 71.8 68.7 71.2 68.6 67.9 615.2 111::160.'6 !17.!I !15.0 !12:0 84.3 
- 121 16-2&- 813/94 3•2 v- v - 49 42.6 43~-9 i11.o 11s; 7 eo.& 111~i .. 1m3 116;5 11·.t 59.8 &2.e· H;9-'&li;o-6a. 1 :&5;4 ·ee;s· &4,3 ·su1 ssi::z ss s s2 a ·sa., s2 ·o- 43 3·75 a 

:_11_2223_ 11- ~~22 __ 89·. ·•·•-·,/33 //:9944_'_ _ 33?2- v,·. V - 58 33.3 :43_;9 St.ii, ~3,4~10.7~,7.3 &:1;9117 ~2 152.'5 illl. 7 74.9'73·;4 ·67.8 69;9 59;0 67._8, 611.7 63~3 &0;;"7-59,0: 54;6 52:~~;'::49·;9 "5~9 80. f -.. - .. -· 
.. v · 1111 43.1 .ia1.e 114.1 58.1 111., 113.9 159,o 111_.2 sa •. 4 111.1 &1.1 10.2 71.810;710.2 10;1 ·68.t &7.8 64,11 61.'5 58.3 115.1 113;0 48.3 79.4 

124 _16-31 8/3/94 - :t-2-v v · 64 48.9 49~2 &7.9 sa.11 119.0 88.1' 83.t 111.4 &&.e ee. 1 14.2·10.4 t1.1 73;4 io. 1 11.0 11 ;a 75.& 12~1 73.1 6t.6 69.1 6&.9 62.& 13;9 
11 __ 22: 1166 ::23. 88/ 1

33 //:44·. 3•2 V V 53-39;4 40.7 41'.2 94.4 117,1 62,3 81,t 84,f 111.~ 81.0 81,2 &&,~ 97.3 69;9 71:.& 67.8 6CS~7: 71.0 63.2 BO.II 58.1 54,2 54,1 49.0 78.8 
3-2 V · V !57 48._9 40.3 415'.0 119.0 57'. .I, 118.2 98.1 57~8 118.9 52.4 84.5 .71.8 69.9 n .4 69,7 69.2 67; 7 66~0 62,8 81 .O 118, 7 58.1 62.1 49.9 _79.0 

127 16-35 8/3/94 3-2 V V 54 35.4 41.8 49.8 88.8 98.1 98.4 Ill.it fl3;760.8 84,1. 73.1 74.6 "17,173.0 73.& 70.7 68.0 1111.0 62.4 59,556.9 58.0 50.2 46.9 81.3 
129 _11-31 a13J94 . 3-2 v v 111. 43.3 43.8 11_1.o 111.a. so.e 118.5 11i.1 s,:~ 81., eo.3 12.0 ea.4 1a.1 a,.1 65.11 114.2 &3.3 62_.-., .119.3 11s.8 s2.4 ..-9._7 46.4 42.2 11.s 
1211 1&-38·8/3/114 3,2 V 111 44~441,7114.8 82.il 54,0 52;4 117.0 ·111,tS 87;8_88,1 88;9 73.2 .88~4 87,8 68.0 .86.2 66.8 84,4 61.7 59;9_ 55;7 54.2 112.3 411.6 78.7-
130 11i-39 B/3/94 . 2-2.v v ilt 44.o .ii&.7 110.184.t 55.B eo.4 96,1115;7 &&.3 111.1 &2.1 89.4 71,910.1 &9.1 87.4 a1;a 114.2 112~6 110.0 sa.162.2 51.9 41.1119;9 

____ __:___, ~--- ----131-16-4-1--8-{3/94-----3~--TR V-- 58-·32.:4 °37.:8-S1;3-!i1-, o-112."Bc:56,4""'52-;:T-is1--;7•-S7.'7-11i;7'-73;9-73-;r115;-g -1511~g-&7,0'·1111:-1-n:1·a2-.a-11g-;2 ·57·;o-54;.--:-5l~ 9-52:·c,47. 3-ta-:-8'~--~- : 
. . 132 111-43 8/3/94. 3-2. V V 111144.348.& 49.8 93,7 110~.8 52,1 54.3 i&.3 U,9 86,0 88;2 74~:t 70.t 69,8 10:4 117.3 65.8 64.4 61.4 59.0 58,4 65.5 52.1 47.3 79,? . 

- 133 1·a~~!Ji ·a:13114· 3-2 .v 53 _42.1 · :ts·.1 17.e 91.& 1s·.1 li.3 eO.ti'·Sa.3 11.o e2.:i ··12.0 Gt.i 11.,.-~61~·0 65.-a as~a ·13.& 10.s s?.·1 s3.9 s2.·& s3._.e. 41.2 ·44_3 ·1t.& . 
. 134 1e-47:.·113114 a-2 v. v. Sa s7.3 -44.1 4s.9: 47.0 ·s2·.a-.s4.7 ... 55~1 54.7 ss·.a 11·., 73:~e 72.4 11.2 al.& 69.o la.s<&5 .. a &4.9 62~& 59.7 56.9 sa.541·.2 79.3 

1311 111-48 8/3/94 3~2 V V 53 38,tS 43.3· 52.9 1111.3 111.7 52.8 511;2 55.9 "61.2 '&2.111511.3 153.4 156.t 118.2 116,6 118,3 65,11 62,:0·59·.4-55.9 53.0 51,5 48,4 43.il 76,5 
136 16-49 8/3/94 3·2 V V 113 3&.is 40,2 112:1113,6 113.5.57.1188,388~4 lia.1,611.2 711.573,3.1111.2 119.7 69.11117,7 67~0 63.8 61.11 57,11 55.2 51.8 48,7 44,3 82.4 
137 16-110 8/3/94 3-2 V V 95 44.3 41.8 47.9 49,0 118,i 111;11112,t 118,5 118.t.82.0 72.0 79,4 89,7 71,4 69,11 07.8 67.1113.7112,1162.3119,1 61.11110.0 46,8 80'.3 

.,.- 1133.19·· 11116·- --.115_21. 88//.33 //9'44 3-2 V V · 1111 39,!I 40,8 49.0 111.5 113.8 ~1-.11 118.8 Ill.II 117,9 57.8 94.8 72,4 86.2 70.1 118.3 65~3 95;5 65,3 62.9 -63.0 58.8 .511.7 55,0 46,4 77 .8 
3-2 V V 110 50;2 411._4 49,7 411,9 111.8 515~8 159.2 116.7 151,7 70,8 &II.II 73,9 70.4 157. 7 615.6 66,2- 611,6 &2.11 ,59.6 58.0 54.7 54.;3 51.3 44,.6 78.9 



Figure C-10. Heavy Trucks-Level, Non-Controlled Access Roadways 
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1 17•3 12/'t~/92 3-2 1 'I 52 415.8 45.4 50.118.3 57.1 Sil.a 154.3 158.0 11.1 74.IS 72.0 74.3 72.3 73.3 70.4 '70.9 75.0 73.2 70.3 72~8 615.5 61.0 61.3 54.4 84.8 
·2 17-11 12/18/92 3°2 1 V 54 38.IS 49.3 44.3 57.i 53,3 515.3 &2.8 515.9 51.1 15.1 78.3 157.1 is8.9 715.5 71.5 70.8 08.2 156. 7 154.8 61.0 58.0 56.4 51.2 50.9 81. 7 
3 11-12 12111102 3.2 v v 53 43.e 47".a 83.7 52.f51.o s1u 5i.1 e~.si e~.3 e8.a 12.; ei,o &1.0 12.2 10.1 11L2 11.a ais.9 es.o 84.1 59.1 5&.3 52.9 411.& ao.o 
4 17-15 12/18/112 3-2 V V 6145.348.8 71.7 52.5 57.t sa.o 59.8 85.7 70.7 11;1 li.9 89.8 75.8 74.7 71.4 72.1 73.1 87.0 70.4 70.7 65.7 70.7 &4.3 55.0.83.6 
15 17-17 12/18/92 3 CM V 40 37~9 38.0 1115.1 415~9. 48.8 51.0 5B.i!i7~1 71.4 11.i 82.7 84.t 88.1 69.7 &7.i 70.5 &7,3 84;4 61.3 82.2 59.0 55.0 49.7 45.2 ti.3 
i 17•24 12/18/92 :i-2 ? V L 43 39.:t 48.5 55.0 811.7 soi.IS 82.& 10;1 is;s i:i;11:i.i i:U e!i.1 11.e 11.1 68.5 88.5 87 .9 67.2 °iis~ 'i 84.4 61 ~5 59. 7 62.7 60.& 81.3 
7 17-27 12/18/92 2-2 V V 49 39.0 44.3 47.2 53.0 s-L:i eo.1'is2.o 60.8 58.7 81.9 is.4 81.7 is.1r12.2 72.5 68.7 66.0 68.t 62.1 81.6 57.5 54.1 51.0 48.3 78.5 
a 11-34 1211a192 2-1 v v !i2 311.1 .43.o s1 :a· 12.0 e:i.o aii.4 11.s iO.o a~;o e~.a 13.a 81 :e ea.e &1.1 &e.4 &6.4 &s.e .e&.4 e3 •. s &3.3 ao.s ss.9 s:i.a 49.a 1a.s 
i 17-35 12/1Bi92 3 D. V L 51 42.2 41.5 52,452.3 55.8 58.7 58.2 84;7 75.1 70.7 82.8 157.i 158.7 70.4 99.0 71.0 69.il 67.2 62.7 59.4 $5.7 53.0 49.9 45.6 80.6 

10 17-:iis 12/18/92 3-2 V L 52 42.1 _41A 5~-· '!•2.54.5 IS~~l' 8~.5 8(.4 158.4 7~;7 eiu et., 70.2 72.9 73;1 72.~ 81.4 87.8 65.1 63.0 58.5 54.4 51.6 47,B 84.5 
11. 17-41_ 12/18/.92 2·2 j V L 52 42.4 42;1 54.9 49.2 115.3 57.11 114.7 55.3 118.3 80.3 82.4 81.4 62.5 63.5 65.2 63.8 &2.9 60.8 58.3 56.0 54.4 50.0 46.& 43.1 73.3 
12 11-43 12121192 3.1 o v s1 43., 43.o 41,0·114.9 iie.111ii ... 12.e ea.1 &4.1 81.0 es.8 11.1 ea.a 10.4 10.113.1 &8.4 6a.1 66.3 62.a 59.5 51.1 54.1 53.a 19.1 
13 17-47 12/21/92 3-2 T 52 41.9 43;1 52,5 51~4 117.8 54.8 1115.3 114.3 60.8 119.9 72.3 ISll.ll&i.11 75.0 71.0 67.6 67.0 64.8 &1.3 59.5 60~2 53.3 50.2 47.3 79.8 
14 11-s1 12121;92; o s1 3a.2 42.5 114.4 111,4 115.8 eo.3 5s;e s1.s si;a ii.9 i2.o e4.o 61.a 12.2 68.3 88.a &1.1 61S.1 &1.s 62 •. s 57.6 54.a 53.o 4B.7 1a.5 
15 17-52 12/21 /112 3 D V 52 42.1 44.2 &5.3 49,5 53.1 81 .5 58.5 57.8 8~.4 815.3 &9.8 ,71.4 &i.5 88.3 71, 1 71 .2 71. 7 67. 7 63.9 .61.6 59. 7 55. 7 56.1 46.6 79,B 
18 17•53 12/21/92 3 I> V &8 44.4 51.2 52;i li7 ;a ii.4 81.i &1.1 i2.2 i4.3 62.3· 71. 7 79.0 .70.B 73.0 72.8 71.6 10.1 69.1 65.5 62.5 59.6 57 .o 58.9 54.2 83 .• 1 
1118 .. 1117:5840 11.22··.',-.2211119922' t 2 c,.• 43 31.1.41;:1 94:4 s~.3 49.o 53.2 e~.4 !if.I es.115.1 11.s .&3;o 10.2 11.119.s 12.4 &a.1 &5.3 &1.& &1.5 59.a s1.s 52.2 49.o 79.o 

.. &1 45.2 4~.5 41.2 12.1a~.4-10.110.1 114.7 .81.9 14.1 11.3 ea.a 12.1.14.1 61.a 11.e 65.4 13.4 10.1 ss.a 54.a s2.9 49.1 45.3 79.7 
19 17-81 12/21/92 3-2 V 52 39.8 47.8 H.4 57.3 54,B 55.8 57.4 58.0 111.2 85.3 81.7 87.0 73.5 89.2 68.8 68.0 64.7 84.3 63.B 61.4 56.2 54.2 52.5 52.5 78.3 
20 11-13 12121192 3-2 110 45.s 44.a 42;1 se.o 5i.2 se:1 .es.9 li1.8 15.:i 10.1 19.a &5,i 11.5 13.0 88.4 aa.3 88.1 &4.o &3.a a1.a sa.1 53.a 50.3.41.a 19.1 
21 11-&6 12121192 3-2 v 41 38.7 45.4 4a;1 55.5 47.4 10 •. 1 54.s 58.t sa;112.111.a eci.o &1.3 11.3 89.o_ 65.9 63.2 62.o 59.1 55.4 52.3 49.5 4&.& 43.3.75.3 
22 17-88 12/21 /92 3-2 V II& sci.a 49.8 58.0 57. 7 Si.3 11~. 7 II~ .o 59.1 ea:1 82.4 71 ,8 88.9 .17.4 7~, 7 71 •. 2 70.2 68.8 66.9 63_.4 58.9 57 ~o 54.6 55.5 49.4 79. 7 
23 17•89 12/21/92 3·2 V 4144.847.7 45.8 85.2 49.8 54~4 57.3.54.3 82.2 89.2-&2.8 81.9 .88.2 89.4 88.9 68.8 87.4 63.9 60.8 &1.8 57.5 52.6 50.2 4&,6 77.B 
24 17-72 12/21f92 2·2 V 51 40.8 4~-8 83,4 49.8 53.i 117.7 53.f 54,5 58 •. 3 82.11 153.7 tl~.O li.3 71.0 73.4 &9.7 73.9 78.& 72.4 67.2 61.3 57.0 53.6.51.7 81'.9 
25 17-75 12/21/92 3-2 D 54 43.2 41;4 45.8 47.7 53.3 53.5 55.2 59.1151.818.3 70.0 85.2 88.5 70.7 69.2 68.0 66.2 88.5 &2.9 61.4 58.4 60.0 52.3 48.6 78.5 
2& 17-78 12/21/92 2·2 V 45 41.7 411;7 55.2 50.3 51.8 53.7 53.5 57~1 57.8 57.4 80.1 81.5 68.1 87,& 89.5 66.1 55;5 65.2 61.8 59.2 56.6 52.1 49.0 47.7 75.8 
27 17-77 12/21 /92 3 F 48 39.8 41.3 44.3 47;0 54.3 49.1 5Q.4 59; 7 59;5 157.2 88.8 &5.4 &5.0 71.2 70.1 64.8 64 .• 0 62.8 80_.3 5&.2 55.2 52.0 46~5 47 .5. 77 .4 
28 19·1 11/18/93 3·2 V V 45 42.8 59.3 54~0 55.3 57.7 57.t 57.8 58.!i 84.5 89.5 69.7 70.6 71.5 72.1 &7.8 67.& 67 •. 5 65.9 62.7 82.5 57.8 55.6 54.0 50.0 79.7 
29 19•2 11/18/93 3-2 'i V 48 47.0 52.6 48.8. 81.3 54.9 59.5 83.5 65.5 85;1 62.4 84.8 70.7 74.8.73.0 70.9 71.3 70~6 &7.3 &5.0 60.1 57.0 56.5 52.8 49.3 81.0 
30 19·3 11/18/93 3•2 V V 43 37.8 49.1 50.9 59.1 1;;1 71.7 65.3 89.5 89.8 74.3 88.7 73.0 74.8 74.4 73.8 74.5 72.3 72.1 74.8 71.9 68.0 66.2 64.4 58.6 84.7 
31 19-4 11/18/93 3-2 F V L 44 36.5 42.4 68.7 47.9 57.4 154.7 59.2 89.2 82.4 157.3 73.8 70.4 71.2 72.0 70.6 &9.5 &il.1 -6&.1 63.8 81.3 58.0 55.9 54.1 50.9 81.0 
32 19-& 11/18/93 3.2 Fi v 42 42.8 44.2 s1.1 78.3 &3.i &2.3 87.8 111.110.2 79.4 83.5 ao.3 75.4 79.3 11;1.3 84,7 a&.2 81.6 ao:3 11.0 74.1 11.2 &4.B 58.0 92.5 
33 19-8 11/18/93 3-2 F V Ii 411 45.4 40.5 IS0.7 110.7 114.1 80.9 &2.0 84.2 118.3 &8.5 114.7 68.2 69.872.1 10:s 68.9 88.5 87.7 69.0 70.1 84.8 58.5 57.7 49.B 80.3 
34 19·9 11/18/93 3•2 V V 38 41.8 48.4 59.0 54.-5 54.3 58.7 58.4 80.8 77.2 70.8 64.B 6&.7 &8.1 89.0 65.4 68.0 66.0 64.9 81.5 58.8 55.8 53.3 51.5 55.0 80.5 
35 19-10 11 /18/93 3-2 V V 54 43.6 49.8 52,5 81.0 114. 7 57. 7 114.5 68.3 85.0 85.3 71.0 71.4 74.3 75.4 71.0 68.9 89. 7 88.3 64. 7 63.0 80.5 57 .3 55.8 51.2 8.1. 7 
36 19-11 11/18/93 4 D V 40 42.8 45.2 81.2 53.8 50.9 62.0 58.5 84.4 78,371.7 64.4 66.i 71.3 73.0 68.5 69.8 69.5 66.5 85.0 65.9 60.B 57.2 53.8 50.6 82.3 
37 19-13 11/18/93 3-2 D V 47 48.2 50.7 51.8 89.0 81.0 615.5 84.1 71.1 88.8 71.8 71.7·70.1 74.3 72.8 11.1·11.8 71.3 &8.7 67.3 86.0 &2.7 &0.5 57.3 51.9 82.7 
38 19•17 11/18/93 3-2 V V 55 41.1 49.5 52.2 &3.7 58.2 60.2 82.8 82.5 84.5 68.2 73.2 74.3 73.2 75.2·72.4 70.8 ·&9.9 70.8 &&.7 65.6 63.1 60.4 58.1 52.8 82.6 
39 19-18 11/18/93 2·2 V V 54 48.4 50.8 50.& &6.8 55.3 59.9 112;0 57.B 81.1 68.8 65.9 88.8 &9.4 71.7 70.2 69.5 68.8 66.0 63.& 92.0 60.1 58.1 57.0 53.8 79.4 
40 19-20 11/18/93 3-2 V V. 53 44.2 44.1 65.1 57.4 &0.3 73.2 &1 •. 7 70.9 89.8 88.9 70.8 71.9 78.3 77;2 73.8 73.7 74.0 72.1 70.9 68.6 84.4 61.8 61.1 54.7 84.6 
41 19-21 11/18/93 2•2 V V 43 43.7 51.9 59.1 63.3 57.9 82.5 62.5 81.1 86.2 88.0 87.B 70.5 73.8 73.172.472.0 73.9 73.8 70.7 65.2 61.8 59.3 55.5 52.1 82.5 
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42 .19-24 11/18/93 3-2 V V 51 38,453.8 112,7 53.IS 52,0 t'1,2 59.2 59,9 &4,1 tS1,0 118.2 70,072.9 74,3 119.0 58.4 68.1 67.0 111,0 58._4 55.5 53.2 49.2 48.5 80.1 
----~-4..,3.,__.1"'9~--2""'5.,_--11,-.1/-Ul/93 3-2 D--V 52 411.4- 45.2 83 tf5!1.2 153.is 15~;1 153,11111,g__:j~--.2~ 157.5 7t.8----7(Mµ;~~-.-8-114,2 H.O .5M 56.6 50.-"1-48.6 88.2 

44 n-27 11118/93 2-2 F __ u 43 47.7 41:5 49,4 48.8 &&.111.25~.o 62.2-e3:2 114,5 111.4 154.3 ea.f71.9-73.o 10~9 69.3 15a;r53,~50-;-7-s11.a il5.9 s:L241.!f90~2 
45 19-28 11118/93 3.2 v v 4& 4fi,9 45.3 5&.9 52.9 119.2 so.1 118.1 !18,7 is2.9 e3.7 iu.o 155:0 117,2 157.7 is7.4 1515.15 115,7 153,2 81.7 63.2 55.7 70,2 50.3 53.& 83.1 
46 19-30 11/18/1133 CM V 43 43,1 42,(44,7 58,7 53.ts 59,f152~8 &8.& 159.1 85.0 159.o &9.2 69,0 73,7 72,1 n.6 72,5 7L1 67.2 62;0 58.2 54.6 50.9 46.8 81.4 
47 19-32 11/18/93 3-2 V V !11 45,9 411.5 112.1150.4 54,ts 57,855.5 150,5 84,5 &i.7 75,269.7 71,973,870.8 70,871,367.8 67,768.4 65.8-65.2 62.3 61.0 12:1 
4a 19.33 11119193 3.20 v 40 44.4 42.8 &e~e 55,7 58.1114,£1H.1_e3.o 74.5 11,7 71'.4 75.1 72.2 72.5 71.169.5159.o 67.967.5 70.2 69.9 62.0 64.o 56.1 83.2 
49 19•34 11/18/93 3•2 H V !52 42,849.9 114,855.0 55,0 59.3110;2 53,160.7 70:7 74.1 157,8 72,171,769.0 158.9 118,2 154,4 152,259.6 57,4 54,9 50,6 47.t 80.5 
50 19-36 11/19/93 3.3 D _ V 43 44,8 59,5 152,957,2151,8 GO.Si 80,285.7 &ts,874,8159,0 &8,4 7L2 72,5 159.7 72,269.8 72.8 70.11 67.1 62.3 56.9 55.3 52.2 82.2 
5119-37 11/111/93 3-2 F Vu 50 42.3 45,9 611.3 55.!I &3.7 70.184.7'&7.05t5:8iie.o 73.4 i1;3 73,2 75,0 72;7 70.5 67:7 65.3 65:o 66.5 63.8 59;3 54.6 51.8 83.2 

..... .... 
V, 

52 19-38 11/18/93 3·2 V V 48 39,2 52,1 63,0 60.1 58,15 115,3 114,3 64.1 &3.9 70,973,371.9 77.0 76.9 74.2 72.1 70.6 68.5 66.8 65.6 60.6 56~_!_4.~_5:3_~9_11_3.'..7_ __ 
-- --s319~.f0Tff1af!i3~~2-,-,--so- 47_9-54.asr:-0-51.4-eo:-3 11O,759,7-eo-,911.3-&4~-115-:o 12.~n·s.775.312.O10:1 &i~2 &i.&-6s-:-9-&s:i-61.2 58.9 54.5 50.4 82.8 

54 19-41 11/18/93 3 G 411 43.5 45.3 65.0 !10,!I 53.7 82.0 58,IS 87,1 112.2 60,3 154.8 155,668.0 71.0 69.4 67.9 66.3 65.3 64.8 63.3 59.6 57.9 54.8 51.4 78.4 
55 19•47 11/:18/93 3 T 52 39.1 53.2 44,7 58,5 55 .• 15 117,5 153,0 115.8 119.8 1511,15 72,8 69.4 69,7 71.3 68.3 67.3 68.8 66.6 64,2 61,4 59,1 59.5 56.7 52.3 80.4 
56 19-48 11/18/93 3 F VU 47 38.7 42.1 58,5 54,9 55,7 511,158.15 110,763.11 69,470,972.5 71,770,570.9 70.8 69.8 67.5 64.8 63.7 59.0 56.2 53.0 49.2 80.7 
57 19-49 11 /18/93 3-2 .F V L 48 41.5 47 .3 57;7 55.11!17 .5 56,7 51.0 52. 7 53.3 73, 1 70.8 72.0 73,3 72,4 69.6 68.0 69.9 66,9 54;5 61,5 59,5 61.5 55.1 50.2 81.2 
58 19.50 11118/93 4 o v 41 42.0 54.t 59.7 !55.1 115,3 !19.cf es.IS 11.9 52.3 153,2 73.5 73.3 69.8 79.o 68.4 &8.3 &9.o &5,8 &5.1 &2.3 61.& 59,2 58.5 55.5 9:Lo 
_59 19-51 11/18/93 4 D V 41 37.1 48,1 53,951.5 !17,9 59,2 53,4 70.2 79.9 53,3 153,859.8 158.7 69.2 68,5 69,0 68.4 66.1 63.5 65.9 60.4 58.0 54.6 51.4 82.5 
6019-53 11/111/93 2·2 V 37 - 39,965.4 49.2 !13,3 57.4 515.3 57,2 57,059,750.5 62,5 54,957,569.6155.4 62.8 62.5 61,358,654.6 52,249,947.0 43.6 75.7 
61 19-54 11/18/93 3-2 V V 49 40.3 47,8 48,4 152,7 57,9 511,9 52.15 52,355.8 73,0 70.5 72,4 77,3 74,2 73,0 72,6 72.4 69.5 67.8 65.4 61.2 58.4 54.7_ 49.5 83.3 
62 19-55 11/18/93 3-2 V V 53 45,5 45.2 515.8 57,2 150.0 51,7 155,1 59.9 .64.5 1515.8 70.8 70.8 74;5 74,15 70.1 70.1 72.5 66.2 65_.2 64.9 61.3 56.3 52.0 48.5 82.0 
63 19~59 11/18/93 3-2 H V 49 43.2 47,1 52,3 -53;0 515,859.5152.7 54,4 64,0 159,15 66,0 70;6 70,370.2 68,766,265,765.8 63.6 63.0 59.6 56.854.7 49.4 79.0 
64 _19-63 11/18/93 2·1 v 415 415,451.4 48.9 55,512.0 55,2 ts1,2 53,512.4 57.3 54,355,756.9 57.0 67.2 66.8 55.7 64.0 62.4 150.2 56.4 53.7 51.3 46.7 77.0 
6519·64 11/18/93 3-2 V V 151 47.4 57,0 60,9 515.5 52,5 .57,5 59.5 58,3 64.9 65,4 59.5 70.1 73.3 73;4 70.0 70;5 69. 1 69.2 68.6 _65.6 62.5 60.8 57 .5 52.0 81.0 
66 19-65 11 /18/93 3-2 D V 47 46, 1 51.4 65.9 58, 1 59.6 52.9 61.1 58,3 65.5. 70.9 67, 1 67.6- 72.4 71.4 69 .• 1 70.1 69.5 66.3 64.6 65,2 61.5 57 .3 55.5 50. 7 80.6 
67 19-66 11 /18/93 3-2 _F V 1- 40 39,3 41, 1 54.2 67,0 52,4 62.9 69,4 70,2 615,2 70,5 71. 7 71,0 71,5 70, 1 70,8 72,4 72.8 72.2 69.4 66 .• 2 63.3 60.3 55.9 53.2- 112.5 
68 19-69 11 /18/93 3 D V 415 38.9 45,3 77.4 55,4 150,5 52,8 &1,3-70,9 77,0 73,8 69,0 68.7 69.0. 71.4 70 •. 1 72.1 73,2 71.6 69.5 64.5 61,5 60.3 58,4 55.0 84.2 
69 19•70 11/18/93 3·2 .V V 43 46,5 46.2 58,.4 51,2 51, 7 52, 1 53.9 55.0 71, 1 72.5 72. 7 72.,2 71,3 70,3 69.6 67 .4 67,9 65.2 63.9 62. 1 61. 7 61.3 57 .0 52.6 81,2 
70 19-71 11/.18/93 4 D V 4!1 41,744.1 55.5 56,0 515,5 58,5 113,265.2 81,578.5 58,0 70,3 72,3 73,670,972.5 71,368.7 66.0 66.0 62,160.1 59.9 53.4 85.4 
71 19-72 11 /18/93 2_•3 D V 38 39.4 67.9 50.0 55.8 65, 7 58. 7 152,9 &2,3 55,0 70.0 73,8 77 .3 74.8 71,8 75.0 74.1 75.3 76,9 72.4 73,2 71,0 66. 7 60.8 53.!5 85,4 
72 19-73 11/18/93 3·2 F V L 45 39.3 41,8 52.8 64,7 54.4 59,8 59.3 59,0 151,7 157.5 158,8 158,7 72,0 72,7 158;9 69.5 71_.0 68.9 66.0 63.8 61.7 60,3 55.0 53.2 80'4 
73 19075 11/18/93 3·2 OT V 68 46.4 51.8 56,1 67,15 _54.5 61,5 64.3 515.9 64.15 65.5 75,2 71.9 73.8 77,0 73, 7 74. 1 73. 1 70.3 68.0 69. 7 66. 7 60.8 56_.5 55.8 83.9 

,,i-19-c-76-1-171-r1793-3-c-2·-y--y-50--35-;9-43-;5-c53-;o-53-;-4-52-;l--59-;9--50-;2,8-;9-627'---S5-;1-59-;-4-159~-:-12. 1 74. ,-10. 5 70. 6 10. 9 67. 2 64. 3 63. 2 &2. 2 57. 9 54. 8_ 51. o 80. 7 
75 19-80 11/18/93 3-2 OT V 52 45.4 45,0. 53.& 53.5 515,9 59,258,952.2 53.8 57.0 73,170,414,175,472.5 69.9 68.8 66.4 65.1$ 61.8 61.9 60.6 58.9 54.7 81.9 
76 20·1 09/24/92 3•_2 V V - 54* 42.1 47 .5 62, 1 50.9 57,2 58, 7 54.5 58.5 51,9 81, 7 72.2 55,3 71,4 69.5 72.15 72,3 69.3 68,8 54,6 64. 7 65.0 57 .3 52.4 47 .5 84.1 
77 20•4 09/24/92 3 CM V 411* 31,241,462.3 47,257.1 57.1 55,5 59,5 159.9 66,975.1 71.8 58.1 72.9 70.4 70.1 69.4 66.3 152.15 62.5 58.0 55,452.9 47,0 81,2 
78 20•5 09/24/92 3 TT V L 35* 37.5 42.2 65,7 53,7 58,957,359.8 74,777,878.7 55,769,873.8 71.7 70,570,467.3 63,963.0 62,158.2 54.9 50.7 45.5 84.1 
79 20•7 09/24/92 3·2 V V 45* 34,8 51, 7 57 .3 55,8 59.4 55. 1 59,4 151, 1 &2.5 156, 7 75.5 72.3 70.4 71.0 157 .8 69.3 67 ,4 64. 7 50.2 58,3 55.4 53. 7 51 __ .5 46. 7 80,5 
80 20-14 09/24/92 3-2 V V 48* 47.8 51.0 62.8 57.4 57,4 60,15 57.8 58,5 58.1 56.6 69,557.4 67.8 71.8 66,957,569.2 66.6 64.5 50.9 .54.9 53.1 50.8 47.5 78.7 
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Figure C-10. Heavy Trucks- Levei, Non-Controlled Access Roadways 
(Continued) 
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81 20-19 09/24/92 3 TR V 55* 33,939.2 54.8 52,15 SO.IS 55,157.4 51,1 1515,8 915.'i ISIS.9 57,299,557.168,3158.15 67.1 63.0 51.8 56,954.4 51.5 50.0 44.0 77.B 
82 20-20 09/24/92 3-2 V V 48* 48,7 SfS,7 54 .• 3 54,8. 58.9 59.0 57,8 63.7 59.3 64.2 65,4 67,4 70.6 67.9 57,4 55,9 67,0 64.7 62,3 59.0 55.0 59.2 51.2 46.2 78.1 
83 20-24 09/24/92 3-2 V V 48* 41.9 45. 7 69.2 53.2 55.8 159 •. 1 152,2 152,0 157,7 68,3 68,9 69.0 59. 7 72,9 159.1 68.2 &a. 7 62,8 63.5 63.5 60.5 57 .o 52.5 47 .4 80.3 
84 20-25 09/24/92 3-2 V V 45* 45,744.2 48.G 61.IS 55,557.9 52,3 54.G &8.9 74.IS 72.7 57.3 69,4 158.9 158.7 67.9 65.9 65,161.8 61.3 56,0 57;8 53.1 49.1 80,4 
85 20,215 09/24/92 3·2 V V 43* 40,5 52,8 54,5 52,IS 55.1 54.15 93.4 59.3 52.0 ISfS.3 54.3 &8,7 79.0 58,8 159.IS 68.8 57,463.8 61,2 60.5 57.0 53.15 50.7 45.8 79,9 
86 20-28 09/24/92 2·2 V V 41* 42.0 45.0 43.1 51.3 50.9 52.7 59.1 52.9 53.3 52.IS 55.IS 56.IS 71.3 57.9 65,455.6 63.4 61.7 57.9 55.4 52,449.6 48.3 44.1 76.7 
a1 20-32 09/24/92 2-2 v v 44* s1.e 45.9 eo.o ee.3 se.4 59.B s9.li tso.:Hss.a 55.3 59.7 11.11 74.B 12.e 12.211.210.9 &s.a 154.1 6&.a &2.a 57,9 55.a 53.2 a1.& 
88 20•33 09/24/9.2 3•2 V V 49* 40,3 415.3 57. 1 54. 7 55.4 55.5 59.9 153.1 152.5 53.5 157.3 158.5 72.8 72.8 72.4 159.9 70,8 65.9 155.8 62.8 151.0 57 .O 54.5 51, 7 80.4 
89 20·34 09/24/92 3 TR V 50* 315.IS 39.2 .57.7 55.5 53.0 57.8 55.!i 55.2 !SIS.IS 54.7' 74.2 157.2 157.8 59.5 158.5 68.15 66.2 65.8 60,758,957.9 57,9 57.6 53.7 79.2 
90 20-37 09/24/92 3·2 V V 45* 54.'i 45.0 53.5 55.5 55.7 55.4 IS0.2 155.11155.9 71.3 155.7 159,371,468.7 159.1 158,8 67.5 65.0 63.B 62,758.5 54,051.9 46.2 79.4 
91 20·39 09/30/92 3 F H L 52* 45.0 43.8 44.2 48.8 53.IS 57.2 71.2 75,471.8 154,5 116.8 1515.1157.0155,8 64.3 64,9 151.2 60.2 57.2 53.8 51.9 411.5 46.0 40.9 80.1 
92 20-48.09/30/92 3·2 V V 44* 45.5 51.1 45.9 51.0 54.2 54.3 57.5 151.8 72.5 59.0 53.9 15&.4 67.9 &6.5 65.7 64,5 62,2 59,4 58.0 54.3 51.5 48.3 46.8 41.1 77.5 
93 20-49 09/30/92 3-.2 7 V L 45* 35.7 39.15 49.4 154.7 57.7 IS0.8 es.ii 57.5 153.5 155,15 73.fl 70.5 68.5 73.9 70.4 69.4 67.8 64.8 62.9 60.1 57.2 55.2 51.9 47.3 80.5 

::: 94 20-50 09/30/92 2-2 V V 45* 47 .2 47. 7 &9.·8 54.9 58.G e1.o 58.4 81.0 83.0 71.0 &S.3 87 .4 70. 7 71.o 70.2 68.9 66.8 .65.'4 63.4 60.0 57 .9 54.5 51 ~-& 49.1 79.1 
O"I 95 20·51 09/30/92 3 TR V 55* 34.15 53.1 47.2 55.3 55.2 53.4 59.4 155.1&9.0153.& 69.5 515.2 68.1 69.1 68.6 67.4 66.4 62.2 61.0 57.6 54.3 51.0 48.3 43.7 78.1 

95 20•52 09/30/92.3·2 V V 46* 48.3 47.1 50.7 53.IS 56,254.2 154.0 53.IS 55.7 58.8 69.3 71.3 71.7 72.3 72.1 71.1 68.7 67.8 64,9 63.8 61.1 56.3 53.3 50,081.0 
97 20·54 09/30/92 3 D V 53* 38.0 40.8 73.2 57.7 57.0 58.1 51.& 54.8 71.0 71.8 73.0 U.1 159.6 75.8 76.6 74.2 74.1 76.2 71,6 70,4 70,5 67.4 61,8 53.9 85.0 
98 20-59 09/30/92 3-2 V V 46* 42.3 57.1 57.4 52.5 55.5 55.3 52.5 53.15 155.4 155.3 69.3 68.2 68.2 68.5 67,5 66,8 64,7 62.6 60.1 57.9 53.6 50.8 50.0 43.8 78.0 
99 20-61 09/30/92 3-2 V V 46* 42.0 45.4 54.1 .51.2 57,8 154.3 58.0 111,1 59.3 117.7 155.9 68.0 71.1 10.0 69.4 69.8 68.6 64.6 62.3 60.1 57.5 54.0 48.9 44.0 78.9 

100 20-63 09/30/92 2·2 V V 38* 46,448.2 50.2 58.5 515,8 58,0 153,2 151.B 65.6 59.2 70.4 70.9 69,5 69,8 71.0 68;9 67.4 65.9 64.9 62,059.7 55.3 51.7 47,879.8 
'101 20·64 09/30/92 3-2 V V 46* 47.1 50.7 61.8 51.0 57.1 59,7 64,15 71.7 69.15 159.9 58.15 68.2 68.7 68.0 67.9 67.0 64,962.3 60,3 57.4 55.3 52,149,747.4 79.3 

102 20·69 09/30/92 2-2 V V 36* 40,547.9 53.9 55.0 56,8 58.8 58.1 150.3 59,9 &IS.ts 159.5 159,869.2 68.6 71.3 68.1 66,964.5 63.4 62,2 59.3 56,051,648.6 78.8 
103 21-5 12/08/93 3 T V 49 38,061.5 53.4 48.9 57.8 57.il 57'.II 59.3 152.9 74.7 73.8 6&.1 77.4 75.4 73.7 72.6 70.8 69.4 66.6 63.8 61.2 57.2 54.5 49.8 83.5 
104 21-ts 12/08/93 3 D V 49 
105 21-8 12/08/93 3·2 F V L 48 
106 21-10 12/08/93 3-2 F V L 50 
107 21•14 12/08/93 3 G 52 
108 ~1-15 12/08/93 3 CM V 42 
109 21-20 12/08/93 3·2 D V 57 
110 21·21 12/08/93 3-2 F V L 49 
111 21-22 12/08/93 3·2 V V 52 
112 21-24 12/08/93 3,2 F V L 47 
113 21-25 12/08/93 3-2 V V 41 
114 21-27 12/08/93 3·2 D V 44 
115 21-28 12/08/93 3·2 D V 44 
116 21-29 12/08/93 3 D 49 
117·21•30 12/08/93 3-2 V 49 
118 21-31 12/08/93 2·2 V V 46 
119 21-32 12/08/93 3-2 D V 51 

36.8 50.0 64.0.50.3 56,659.1 .57.4 61.4 74.1 65.15 68.6 615.0 69.5 74.3 77.9 72.3 70.4 69.3 67.7 63,7 60.3 59.0 56.2 .51.1 82.8 
41.15 42,7 151.3 53.0 ISO.II 82.8 &1.5 &2.2 65.1 155.9 69.IS 66,269.4 73.8 71.4 71.8 69.6 67.5 64.9 62.7 59.9 56.7 54.4 50.8 80.5 
40 .• 4 46.0 59,452,960.4 59;0 111.4 61.3 62.7 76.6 75.8 157.9 72.3 72.8 71.8 71.0 70.0 67.0 65,7 63,8 62.0 58.9 57,652,582.7 
48.2 48.8 49.9 64.9 57.9 152.S IS0.2 61.2 70.5 75.5 70.2 66.3 70,573.0 75.8 73.4 74.3 73.5 71.6 69.0 65.9 63.4 59.3 56.5 83.9 
49.9 49.7 ss.1 &s.9 e2.a &11;a 58.11 72.9 61S.2 54.o 1s.2 74;5 12.0 74.B 74.& 78.3 12,4 10,3 &8.4 &8.5 &2.0 57.a 54.a 50.5 84.7 
42.9 45.1 ISO.ti 51.9 515.7 57.9 51.7 52.8 53.9 &3.7 76,974,372.2 74.0 75.6 74.0 73.4 71.6 69.3 67.6 64.4 62.0 59.6 54;3 83.9 
40.1 50.9 48.3 155.2 59.9 53.4 155.IS 65.B 158.2 70.7 72.8 72.8 73.0 74,473.9 73.5 71.4 68.6 70.4 68.5 65.3 65.6 61.0 59.5 83.3 
42;15 53.4 62,7 51.7 51.IS 63.3. 58.4 61.9 54.IS 54.9 71.IS 72.6 70.3 73.7 73,977,870.7 70.2 66.8 64,7 61.4 60.0 56.7 53,1 83.0 
38.1 45.15 48.6 157.1 59.7 65.1 65.0 68.6 77.9 76.15 70.1 69.6 71.3 75,374.3 72.8 72.6 69.3 69.8 65.6 63,4 62,1 59.2 56.1 84.5 
51.3 47.4 48.7 68.2 59.0.60.154.3 62.5 59.9 67.9 55.9 71.1 70.15 71.2 72.0 72.5 69.4 69.2 66.4 67.4 64.1 63.4 58.6 52.8 81.4 
41.3 41,15 51.1 59.0 55.9 55.7 57.8 515.9 65.1 72.1 67.3 66.3 74.2 73.7 74,2 73.4 70.5 68.7 66.3 64.2 60.8 57.1 55.1 49.9 82.0 
44.2 55.2 48,4 54.3 57.IS 57.8 57.1 151,154.1 74.4 68.4 155.9 71.5 73.2 73.9 72.0 71.2 73.7 72.4 73.9 69.0 60,455.7 51.4 83.2 
43.IS 42.2 64.1 49,0 50.4 515.2 58.7 54.9 62.4 158.0 615.1 74.2 68.7 71,576.0 72,1 71,269,066.1 64.6 60.8 51.5 54,9 51.4 81.8 
47.7 48.0 57.4 57.15 58.7 65.7 51.3 55.5 78.0 159.0 69.1 71.0 74.4 74.5 74.0 73.4 71.3 69,4 67.4 63,963.1 59.5 56,2 52.0 83.8 
44.151.1 151.3 50,958.15 151.8 55.4 59.7 152.4 72.15 57.2 153.4 158.7 71,971.9 69.9 67.7 65.9 63,860.9 57.4 54.3 51.3 47.4 79.8 
41.a 50.ts &o.o s2.2 sa.9 s1.s e1.o eo.1 ets.a 73.a 77,912.0 74.4 715.9 75.1 1s.e 74.1 11.s 10.5 &1.1 65.9 63.6 59.9 s1.5 as.1 
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Figure C-10. Heavy Trucks- Level, Non-Controlled Access Roadways 
(Continued) 
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120 21~315 12108/93 3.2 F v L .s2·41;1 41.2· so.11·59;9 59.3 152.0 e1;a &5....LD..A:.Jse.5 &a.5 12.e 14.2 75 1 1• g 12 8 11 2 12 :f is,,.o il9.5.&6-~6'Cti""o ... o,_·<Jas1 ... ··c»9L.J811·,3,._· ·.,.iJ _____ _ 

121 21-38· 12108/93 · 3.3 F i. 42 39,1 4&;'4 s2.11 55.9 57,5 11&.8 152;41111.a sa. 1 73.8 11.1 68.2 16.1 14.1 74.15 12.3 73,3 i;9~3·111;1 s1;9 64.& 53·.o s&·.1 s2:·o 83.5 
122 21-39 12/08/93 3.2 D V 51 44.4 48.3 150,3 51,15 55,2 57.9 !515;1152.15155.0 117.4 75.2 119.4 118.2 77.5 73,873,912.2 70,2 67;0 115.1 51,959.3 55,252.9 83.1 
123 21.·41 12/08/93 3-2 D . V 52 40.0 47.1 55; 1 511.5 55.9 59.5 50.2 111.1 is5.4 7!5.4 74.9 68.11 71.0 75.11 74.8 74. 7 73.5 71. 7 69.9 57.5 55.9 65.5 60. 7 52.1 84.0 
124 21-44 12/08/93 3·2 V V 54 511. 7 51.2 515.9 111.3 54. 7 58.3 154,7 71.11 117. 7. 113.11 81 .O 1111.5. 72.1 75.7 73. 7 73.2 70,4 68,4 64,9 61.5. 58.6 57 .3 53.5 SL 7 84.5 
125 21-45 12/08/93 3-2 V V 4.8 411.0 53,11 154.1 48.3 53.11 55.9 57;9 59.2 113.5 77.0 IS7.1 117.4 71.2 71;15 71.7 69.4 68.3 55~9 65.4 62.3 .61.0 59,9 57.1 54 .• 0 81.4 
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Figure C-11. Heavy Trucks- Upgrade, Non-Controlled Access Roadways 
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1 22•4 10/01/92 3 D V 52* 42,ts 47,2 61,7 51,9 55,ts 5ts,8 56,8 58,9 61,0 63,6 t54.ts 77,4 70,473,372.0 68,2 69.2 70.2 t54.1 62.5 60.6 56,4 55.5 56.1 81.7 
2 22-5 10/01/92 4 F V L 49* 41.0 50.3 48.9 70,ts 54.1 5ts.1 58.0 64.2 75.3 75.9 71,372.6 7ts.o 78,273.0 71.3 70.7 68,766.4 65.9 62.0 60.3 56.1 50.8 84.6 
3 22·6 10/01/92 3-2 V V 43* 50,1' 52,2 56.3 59,654.6 57,8 64,2 tsB,1 63,2 615.3 6ts.2 ts9.4 71,474.11 70.0 68.8 68.9 65.3 64.9 60,2 55.7 52.9 53.4 50.8 80.3 
4 22·9 10/01/92 2·2 F VU 53* 33,3 40;5 45,2 50,3 7ts.O ts0,4 55.9 73.1 65.4 58.0 t52,3 t57.0 70.ts 74.3 72.2 t59,0 ts9,4 tsB.3 116.5 67.8 tsB.7 68.2 62.0 55.5 82.5 
5 22·10 10/01/92 3·2 F V L 43* 42.6 42.4 65.4 51,ts 57.ts 64.0 t57,0 t54,4 65.2 t53,1 t54.7 ts9,4 70,870,871.0 tsB.9 65.8 t55,4 t54,0 61,556.8 55.9 53.9 49.9 79.5 
6 22-15 10/01/92. 3 CM v 48* 3ts.5 44.3 48.4 52,5 112.5 511.2 57,9 ts2.4 tso.7 114.4 111.a 114.11 117.8 72.2 711.6 70,3 68.3 66.0 63.7 60,2 56.3 53.5 52.7 47.6 ao.3 
7 22·111 10/01/92 3 G V 52* 42.3 411.2 118.2 52.2 57',5 57,4 57,4 112.4 80,2 61,0 112.0 115.4 70,771.0 119.1 117.15 611.4 63.0 60.7 112.7 56.6 54.8 54.4 49.0 82.'3 
8 22·21 10/01/92 3 CM V 47* 39,7 43,9 43,2 155.1 54.0 53.8 110,7 113.8 70.2 117,7 114,0 1111.5 118.8 711.2 71.2 158.0 72.0 66,7 64,2 60,2 57.3 54.4 52.0 47.9 80.9 
9 22·29 10/01/92 3·2 V V 42* 40.4 47.2 50,8 54,7 54,4 55.5 110.3 111,9 57.3 117,1112.11114.8 72.0 72,8 119,4 1111.3 155.8 112.5 58.11 55,250,348.5 49.8 41.3 78.4 

10 22-30 10/01/92 3-2 V 
11 22-36 10/01/92 3-2 V 
12 22-40 10/01/92 3·2 F 
13 22-41 10/01/92 3 F 
14 22-44 10/01/92 3·2 V 
15 22-45 10/01/92 3 D 
16 22-46 10/01/92 3 D 
17 22-47 10/01/92 3 D 
18 22-49 10/01/92 3 F 
19 22-50 10/01/92 3 D 
20 22-58 10/01/92 3·2 V 
21 24-1 12/14/93 3-2 V 
22 24·2 12/14/93 3·2 V 
23 24-3 12/14/93 2·1 V 
24 24-4 12/14/93 3-2 D 
25 24-8 12/14/93 3·2 V 
26 24•7 12/14/93 3-2 V 
27 24-8 12/14/93 3·2 V 
28 24-9 12/14/93 3~2 V 
29 24-10 12/14/93 3·2 T 
30 24-12 12/14/93 3 D 
31 24-15 12/14/93 3 D 
32 24-16 12/14/93 3·2 V 
33 24-18 12/14/93 3 D 
34 24-19 12/14/93 3-2 V 
35 24-20 12/14/93 3·2 F 
36 24-21 12/14/93 3·2 T 
37 24-24 12/14/93 3 D 
38 24-26 12/14/93 3·2 D 
39 24-27 12/14/93 3·2 T 
40 24-28 12/14/93 3 D 
41 24-29 12/14/93 3-2 V 

V 49* 47.5 47,273.9 511.1 58.9 ts5.5 110,7 64,9 118,11 69.8 74.8 159.9 74.8 77.1 76.11 76,0 78.15 75,1 69.9 69.3 64.8 62.3 57.8 50.9 85.9 
V 44* 311.4 42,0 51.11 51.4 511.0 55.5 58.4 59.1 58,11 110,2 115 •. 1 117,2 71.5 71.7 69.6 65.9 71,5 112,8 59.9 59.5 55.11 52.5 52.2 45.3 78.6 
V L 51* 
V L 48* 
V 47* 
V L 46* 
V L 311* 
V L 47* 
V L 51* 
V 50* 
V 45* 
V 45 
V 41 

45 
V 34 
V 44 
V 40 
V 46 
V 43 
V 33 

45 
45 

V 45 
V 49 
v 45 
V L 44 
V 39 
V 46 
V 45 
V 45 

49 
V 34 

42.3 44.7 58.4 49.7 53.3 112.4 114.8 72.1 117.8 119.1 118.4 70,11 70,5 72.8 72.2 69.3 68.3 66.9 63.6 60.4 58.8 56.1 53.3 48.7 81.0 
44.2 411.5 51.7 111,11112.3115,1119.0115.7 112,4 113.9 159.7 117.3 70.9 73.8 74,971.8 71.0 74.2 68.2 63.7 59.5 57.7 55.7 51.4 82.3 
39,944.0 58.1 49.4 55.3 54.8 59.0 75.0 114.3 112.4 70,9 117.4 71,2 74.2 68.7 67.8 66.1 153.3 59.9 57,0 53.2 51,453.4 51.0 80,7 
29.9 111,349.1 50.175.11113,5 511.4 57,2 118.5 112.9 1111.11114.5 67.5 119,166.7 67,3 67.8 65.1 60.6 57.8 55.9 52.3 54.1 49.6 79.7 
37,7 54.4 59.5 48.2 511.0 58.7 57.0 511.8 64.0 55,0 115,1155.11117.1 70.5 64.8 65.2 64.8 62.0 58.9 56.9 54.0 50.9 50.8 47.2 76.3 
39,943.4 87.o 53,11·90,4 58.3 55,151.11111.9 6&.o 111.0 &9.a 73.a 12,9 68.6 11.0 69.3 67.4 64.4 61.a 60.1 59.4 57.o 52.1 80.8 
35,3 411.8 44.7 51.ts 55.9 53.3 57.3 74.5 119.3 58.3.82.3 69.2 77,779.3 71.0 69.5 68.7 66.7 65.2 60.6 55.3 52,349.5 45.7 83.6 
37,155.8 44.8 47,4 66,1 !18.0 59.5 114.0 72.9 83.2 87.7 119.2 71.1 72.2 70.9 69.5 67.7 67.2 61.4 64.1 58.6 56.4 54.2 47.8 80.5 
38,785.1 64.5 52.o ts3.3 ts1.9 111.8 62,982.3 ea.a 111.0 111.5 11.2 12.a 68.9 68.1 66.a 67.0 64.4 62.2 61.6 58.5 55.5 49.2 80.0 
50.0 59,0 51.8 54.1 53.8 5ts,164.8114,5 t54.ts 70,3 ts7.8 llts,7 70,272,770.9 68.1 67.6 65.9 66.8 66.9 63.0 60.2 56.3 52.5 80.1 
49.0 45.8 52.0 62;2 5ts,5 154.2 79.8 113.0 73.9 75.1 77,174.2 71.2 76.9 74.1 76.7 69.6 66.8 67.4 66.2 63.6 63.0 59.8 53.8 86.0 
41,5 50,0 511.4 54.11111.5 114,3 04,0 tsll,11115,2 114,5 70,7 116.4 118.7 118.11 70,069.8 67.2 66.6 65.11 60.2 57.2 54.7 51.9 47.4 79.3 
44.9 42,7 52.9 72.1 59.9 60.2 74.4 ts7.9 711,775.7 BO.II 80.0 78.2 79.11 82.9 81.2 84.2 85.4 81.8 76.8 74.2 69.5 63.9 55.9 92.3 
50,7 47,4 58,11 50,0 51,3 515.8 59.1181.0113.0 79.170,0118.0 72.3 73,771,371.4 70.0 66.9 65.7 64.0 62.6 59.2 54.0 49.8 82.9 
45.3 47,251.1 411.'157.4111.8 115,9 t54,II 115,9 118.9 117.8 71,176.5 72.2 72.8 73.5 70.1 67.0 67.6 65.3 59.5 57.0 52,8 48,2 82.3 
46.5 411,9 57,7 4t5,4 54.3 57,0 152.0 111.9 68.7 69,7 118,11 &8.7 71.9 71.4 69.7 69.8 68,868.9 65.9 64.7 63.8 59,6 55.9 56.7 80.5 
49.9 52.4 47.7 53.1 59.5 58.4 66.0 611.0 64.0 72.4 73.5 68,4 69.1 73.4 73.9 72.9 69.4 66.8 65.1 63.2 58.8 56.3 53.1 48.8 81.9 
42,11 44.8 54.2 52,11 511.0 59,357.2 112.9 78.2 117.5 68,169.7 69,871,370.7 69,868.5 67.0 65.3 65.2 62.0 ·59,7 58.3 57.9 82.0 
39.0 47.8 62.8 50.5 53,463.2 59.15 611.4 76.5 159.4 70.0 70.3 72,872.4 72.3 69.4 68.1 66,4 63.8 60.3 58.9 55.1 55.5 50.4 82.1 
411,466,746.8 50,873.0 110,284,769.7 t58,4 70,ts 72,1 72,872,671.0 71.7 70.6 69.4 67.3 65.7 62.5·60.3 57.4 55.9 51.2 82.3 
44.3 47,6.60,5 52,0 ts2.7 76.3 70.4 73.0 71.9 74.1 74,876.6 77.5 80.5 80.5 82.1 84.3 83.3 78.4 72.3 65.2 60.8 55.0 50.7 90.8 
44.8 45.4 ·58.7 48.0 53.4 57.2 60.8 62.5 115.11 77.8 68.0 t55,8 117.7 68.4 75.4 71.7 70.4 69,7 67.6 65.5 60.3 56.5 55.1 49.8 82.4 
43.1 45,2 60,145,558.7 63.0 66,170,172.7 73.0 71.0 70.3 72.0 72,875.6 74.7 72.0 68.9 65.8 64.3 62.4 62.8 61.1 56.4 83.3 
40.6 44,043.15 51.4 511,9 ts1.8 75,968.1 70,2 74,11 77,1 117.4 70.2 73,273,273.3 71,0 70.9 68,565,661.5 59.4 56.3 53,784.1 
43.2 t53,·7 48.0 43.9 57.4 57.3 68.0 71,7 69,2 711 •. 11 72.5 70.3 72,8 73.1 73.3 72.0 69.8 67.7 65,6 62.5 61.0 58.8 56,7 52.6 83.2 
42,11 44.2 73.8 52,4 54.9 73,963.2 117.2 64.9 75.2 73,5 711.7 73.4 74.9 73.1 74.8 70.3 69.9 66.6 63,660.9 61.4 55.4 53.2 84.7 
41.7 50.1 57,257.3 60.5 ts7.5 68,869.4 68,067.0 159.7 70,571,774.8 72.9 71.8 69.3 68.0 65,962.9 60.3 58.0 54.9 52.0 82.0 
42.7 411.9 47.9 62.0 51.0 81.3 611,065.3 73.8 74.1 73.5 70,971.9 73.7 73.8 73.4 70.7 68,2 67.3 65.3 62.3 61.5 62.3 56.9 83.3 
43.1 45.4 47.5 63,8 57.7 116,9 117.5 70,071.7 71,11 70,8 72.9 75.3 73.9 74,7 72,2 68.15 69.8 69.8 65,962.9 59.3 57.0 57.0 83.5 
47.4 41,551,244.5 53.1 62.8 112.3 66.0 73.15 70.5 68.11 70.4 t57,8 70.0 71.3 68.9 67.4 66.7 64.9 61,7 57.2 54.8 54.1 50.6 80.5 
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42 24•31>12/14/93 2•2 V V 45 41.3 4i.t 59.1 5b.7 55.3 i1.2·e~.3 Ci~.a tr.a 87.1 ,;;1 Iii.Ii it.0 70.2 87.8 ai.1 118.4 157.0 14.8 85.7 58.I 57.9 53.9 51.a'.:81,0_ 
43 24•:13 12/14/93 3-2 ,, .. n 93.S 41.1 sz. • 415 7 if 5 I~ .f ,,:cf il~3 !2··~_ 1,1:1 71.11 88·('~ .4 71 ,2 70,2 '111,_6 ~9-~ &7.f M.8·_,1.1c:se • .(~8-~_51~3-55.'7_ ~2.!8 . 
44 24-34 12/14/'93 3 - D V ~3 4!-11 48-, ~8-11 IIF~ ~!-1 ,,.1 111:io ·~;11 72.4_ 117,1 71 ;II 72,4 88.r 70.11 70.8 69.0 88.3 67.3 85.9 .111.3 159 •. 6 57.9 58.6 153.4 11.2 
45 24~311 12/14/93 3·2 D ! 4~ 41. 7· 40.8 159.t ~3,l) 54.4 158.~ 11~.1 113.2 7~.11 1,.1 71,,~ 73.2 10;11 74~0 72.1 72.~ 71.3 70.1 70.15 68.8 611.1 60.2 515.4 159 .• 15 84;~ 
46 24•37 12/14/93 3·2 V L 48 40;3 158.0 48.0 152.8 115.7 151.5 88.7 70.8 74.1 70.8 88.4 .70.172,212;1 71..1 89.4 87;8 68.1 84.8 61.9 80.1 87.15 80.1 50.9 81 •• 

... _._· 4487 !44:33•1._ 11.221111,44 t1_9~_3a 3~:22· TF .· v 38 4~.9 ao.~ 4~;.s 54.4 51.5 5~.r,: 5t.•4 ~2.5 10~'.7ai1;5 7~-• ii,-~. 111.1 12;~ 11.3 89.& ea.a 65. 1. &3; 1 59.4 s1 .2 5li: 1 54.li 5Lo 10;2 
V ~2 43.8 44.e 61 ~II i2.? 5~ • .o Si.I ~2'.0 81,8 119.e, 77,.3 88.2 7~-0 11.~ 74.2 73.0 70.t 70.0 67.,8 65. 7 615.1 85.2 61.0_ 158.8 53.2 .82. 7. 

49 24•40 12114/93 3·2 T V 45 39.1 48.:I ~2~2 51.8 49~1 111.~ 97;2 81,0 _88.~ J.1,0 81.2 7!.4 '73.1 74.3 .72. 7 71.8. 72.0 111;1 84.0 62.1 59.0 156;4 54.0 50.8 82.1 
150 24-41 1211411:i 3.2 t v, 38 41.1 41.2 58.a .47.4 ao.il a5.4 114A i7.5 84.a 83.a 88.3 ai.7 81.2 81.a 11.2 69,1111.1 aa.2 65.5. 83.a 58.7 56.o 152.7 48.1 79.4 
51 24-d 12114/93 3~2 t ·· v · :,1 41.3 41 : .. 12.4 4i;4 51·.4· i4.1 ao~o 15.3 ea.ii 10'.2 111;3 111;3 ti9:i 10.5 111.2 10.4· 111:0 a4.6 64.i s2.4 a2.3 &1.9 01.s 51.2 ao.o · 

. 52 24-44 · 12/14/93, 3 o v 153 42.o ao. 1 48.a 41;1151 :o is1.3 5ii.a 113;1 74. 1 it.4 6:i.1 111.0 6i.a .73. 1 12.3 12.4 11.3 10.2 10.1 a&,a 57.9 53.6 49.4 46.a 11. 1 ... __ 
~-----15a-2..-,-1s-~12n4793-3--c1-v---4n1·;-a:11;<,;ri1~11 41';1~A~4~.1'1:1:,·1:2":;r 11iSa1;S:-13.aea.11f~473.a 12 .• 0 71;1:-10.a~ti7~&4.i-63 •. 3 60.2ia.2 55.-7-54~.-ga1.a -~- - -

54 24-48 12/14/93 3-2 D ·y 48 411.8 41.4 58.5 511.8 57.11 83.188.3117.0 84;170.4117.7 71.2 73.5 72.2 72.7 71..9 70.8 ?O;il 88.2 85.4 63.9 62.15 158.2 53;5 82.1 
15524-4?' 12/14/93 3-2 V V 41 49.4 49;5 49;9 51.1 58.9 88.9 i3.i 15.8 74.4 71.7 a,;2 IIBJII 72.3 71.5 71;0 71.3 70.0 67;1 64.8 63.4 61.a 60,1 157.8 152.1 81.8. 
151 24•48 12114/93 3 : o v 43 38.11· 39.i 111.i il3.1 111.4 es; 1 13;4 113.11 at .s 11.11 11.3 et.4 10;2. 10.11 10;9 10.cs &7 .t 111 ..• 0 &4.9 li1.2 59.5 158.3 54;.9 57 .9 !I0.5 
57 25-S 12/13/93 3-2 V V 5142.0158.7 S:3.2 89.3 57.5 80.7 84.3<82.I 7i.O 85.3.82,1 74.i 75.7 79,171.3 78.9 79.2 78.8 76.3 73.0' 69.0 65;4 63.0 155.8 90.3 
15589_ 2255:61 .. 1 1122111133 /199_33_ 33_··:22 Tv ',·· .· 41 4L3 43.7 67.949.151.201;1 5979 82.1165;1 a5.a 111.069.2 1.1.il 10 .• 9 a1.a &1.1 is.a 67.3. &4.o 62.15 157.3 53.7 152.1 49.6 79. 7 

.· 80- 45.,8 45.3 81.8,54.3_63.1 110.8 87;3 68.0 68;& 88,2 ~0.9 77._3 77.9 77.3 74.15 70.11 70.4 69.1 615,9 65.2 60.4 157.5 56,262.15 85.9 
so 25-1°2 12/13/93 a F H L 48 40.6 43.15 112.a 155.4 57.0 11.0 11.5· 111. 1 112.3 68.1.111;11 6a,o 12.11 71 1 11; 7 10.15 aa.3. 815.5 a5;a &3.4 159.~2 56, 1 54.B 152.a so.a 
61 25-13 12/13/93 .3•2 F V i. 38 38'.5 60.11 ilf~& 115. 1· 82.4 60.4 &1-.4 93.0 117. 7 88.3 Cil.-9 10;5 72.4 70. 7 70,t .69.4· 6&.9 66.3 64.8 64;8 60.9 59 .• 5 59.3 56;9 80.3 · 

.112 215-115 12113/93 2,2 v v 5243.2 411;1 411.9 51.4 sa.9 ao.4 a7.8 84.2 10.174;414.i 73.9 11.111.074.0 73.3.10.11 &B.567.6 &5.2 111.5 111.2 59.154.3 84.4 
.. 6643 22155:2181' 1122',·1133//9933. 33 i>F .. ,V. L 53 40.2 44.i 87.9 53.8 80.7 118.1 111 ;9 ill.I ai;t 71.8 73.2 !2-5 72.2 73.0 72;3 .12.0 70. 7 69.6 88. 7 64.8 61.4 59.6 59;6. 57 .• & 82.7 

L 37 40.5 154.11 &0,3 51.a 157.3 53;t 59. 1 110.3. 113.5 110._9 ea.a H.1 6.6.o 68.1 68;9 69.4_ 67 .6 611.3 62.0 62.2 61.5 55.o 53.a 150,3 11.0 
8525-2512/13/93 3•2 V V 47 55.0 66~5 ~9;7 5~.757.4159.3 80.1182.0 112.7 88.8 117.1. 70.8 73.11 72.5 70.6 69.0 68.5 67.4 64.8 65.4 61.861.2158.8 156.0 80.8. 

· 66 25•28 12/13/93 3,;2 V V 53 49.1 151 .• 4 63,4 58.3 59.t 88.1 113;9 83.5 88.5 84.1 81;8 69.5 73.9 74.4 .69 .• 8 69.1. 67.8 66.2 62.0 60.2 157,9 155.9 53.9:50.4 84.3 
. 117 25-35 12/13/93 3-2 F V L 48 39.1 48.1 !53.7 51 :2 81.2.112.1 10.9 117.0 IS.II 117 .2 72.5 71.0 73.4 74.4 72.8 72.2 71. 1'70.3 69.2 66 .• 4 63.0 60.8 57 .9 57 .0 82.4 · 
68. 215.-38 12/13/93 2•2 V V 47 45,4 4? .2 112.t 51.1 157. 7 _81,1 70~~ 82.1 115'.5 Iii. 1 71.15 70.3 73.2 72.8 72.8 72. 7 71.0 69.0 67.3 63.4 59.6' 57.4 _55.5 50.6 82,0 
at 25-41 12/13/93 3 . · D ;, . 42 .41,B· 64~111 ;1 5i.4 6~.11 113.1 74.7 73.& 11.a H.t 111.1 111.9 &9_.a 12_.4 · &a: 1 aa. 1 &.a.,. a1;a 66,1 64,a 15.9.4 51.1. 51.1 57.4 ~2.5 
70 25•42 12/13/93 3-2 T V 50 38.9 ·82.8 55.8 55;t 85.7 110~2 80.7 115.1 70.1 117.1 119;4 71.4 73.9 77.2 72.11 70.6 69.4. 67.4 65.5 64;3 61.7 159.2 62.4 53.7 82.6 
71 25-43 12/13/93 3-2 F V·L 4148.3 40.li 115.5 53.i 88.5 82.8.68.1188.3117.1 70.4 81.3 89.7 72.0 72.8 71.2 69.8 88.5 69.1 615.8 84.0 60.2 61.1 61.2 55;5 81.15 
12 25.415 121fat93 3.3 1' v · 48 45.& 45;7 111.5 53.e 111. 1 118~3 is.9 88;3 111.110.a 71.3 73.il 1s. 1 73.2 11 .1 10.3 10~:i &1.0 69.5 11.il 11.2.3 59;9 .157;7 152.9: 12:a 
13 215-4& 12113193 3.3 D v. 48 114. 1 io, 1 51.·5 58.t ao.5 64.4 112.2 111 •. 8 114.8 64.a 1115.2 12.6 73.a 74.4 12.9 12.2· 11 .a 11.1 615.3 615.1 &&.3. 155;& 52.1 50.2 12.2 
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Figure C-12. Heavy Trucks - Downgrade, Non-Controlled Access Roadways 
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U B T X v X L p 5 & 8 ·o 2 s 0 5 0 0 3 0 1 5 15 2 5 5 4 5 3 8 0 X 
M S E L T H C D 0 3 0 0 5 0 0 ; 0 5 0 0 0 0 K K K K K K K K K K K A 

1 26·2 12/20/93 3-2 V 57 45.1 48.4 48.8 52.!i 54;3 54.9 515,357.0 57.9 58;5 151.4 159.2 74.2 72.2 71.2 71.0 70.0 66.6 62.6 59.2 56.5 56.2 49;6 45.0 80.0 
2 26-il 12/20/93 3·2 V V 60 40.8 46.8 49.4 59.4 58.1 58.& 150;& 58.2 60.3 152. 7 71.2 71.8 71.2 73.3 72.9 71.0 69.1 67 .4 65.3 64.1 151.2 59.6 54.6 50.8 81.0 
3 215-& 12/20/93 3-2 F V L 59 37.1 415.4 43.7 50.3 53.9 515.4 58.5 59.0 150.0 72.4 615.9 158.5 72.7 72.5 73.5 71.168.8 65.1 64.3 60.6 57.4 54.1 50.1 45.8 80.8 
4 215-7 12/20/93 3·2 F. VU 45 315.5 54.3 43.9 50.8 59.9 54.2 59.0 515,2 54.15 152.& 154.3 154.8 159.1 71.4 69.5 157.7 158.0 64.0 62.2 58.4 55.9 50.8 46.7 43 .• 7 77.7 
5 26·9 12/20/93 3-2 V V 54 39.& 48.1 54.4 50.1 55.7 59.8 57.5 58.8 152,!i 151.2 157.4 158.5 70.5 72.2 69.8 69.8 69.15 68.2 65.9 63.6 60;1 59,6 56.7 52.1 79.5 
6 26°10 12/20/93 3 D V 56 415.4 51.2 51.1 63.5 57.8 515.5 1515.5 150.5 815;1 68.5 65.15 70.0 73;7 73.4 72.7 72.0 70.4 69.9 67.5 64.0 60.1 57.6 53.5 49.5 81.5 
7 215-11 12/211/93 3·2 T V 55 39.5 43.9 49.9 51.9 53.3 150.2 &0.5 55.7 150.8 58.1 73.4 72.1 75.1 74.3 72.8 70.5 68"4 66.0 64.1 60.7 57.2 54.8 50.6 47.1 81.7 
826-1412/20/93 3-2 V V 53 415.4 50.1 51.7 52.8 53;2 515.8 58.4 57.& 150.9 153.7 153.5 &9.3 75.ti 73.0 70.8 159.2 67.8 66.6 65.3 59.1 56.1 53.1 47.8 44.3 80.3 
9 26-16 12/20/93 2-1 V 68 48.0 45.8 53.4 57.4 58.4 57.2 55.9 59.8 61.2 60.& 71.6 158.7 72.7 73.2 72.2 71.7 69.2 69.3 69.6 68.8 62.5 60.7 58.7 50.5 81.3 

10 26-23 12/20/03 2-2 V V 81 42.0 48.0 49. 7 !iO.& 52.8 !55.5 60.9 &7.2 58.5 58;5 66. 7 &9.5 73.0 72.2 71.1 69.9 67.5 67 .O 157 .2 .64 .• 6 59. 7 57 .O 52. 7 49.0 80.1 
11 26·28 12/20/93 2·2 V V 58 40.4 48.6 58.3 54.3 52;8 58.9 58. 7 58.3 62; 1 67. 7 115.9 158.& 71. 7 74. 7 71 .15 70.15 70.2 69.2 69.3 66.5 6.6.0 66.6 63.9 53.1 81 .3 
12 26-29 12/20/93 3.3 F. L 85. 42.1 55.2 54.0 69.4 &7.8 89.9 72.& 75.8 78,!i 85;0 113:a 82.8 81;1 84.5 81.0 81.5 77.1 76.5 73.9 74.8 73.1 71.5 65.3 60.0 92.5 
13 26-31 12/20/93 3·2 V V 52 43.7 51,254.3 58.2 49.7 54.5 56.4 59.8 59.5 &1.8 115.7 67.1 72;6 78.6 75.is 72.3 69.0 66.9 152.7 59.6 55.9 54.1 49.6 44.9 81.7 
14 26-34 12/20/93 3-2 V V 154 39.1 49.3 57 .4 52.0 58.& 82.2 151.5 59.9 64.1 55;2 .158.8 71. 7 72.& 78.3 72. 7 71.3 69.6 67 .9 66.8 63.0 61.1 64.1 53.0 48.4 81.8 
15 26-35 12/20/93 3-3 F V L 49 53.7 53.1 44.3 63.1 57.9 67.4 58.2 157.5 74.4 73;7 74.0 73.8 72.2 71.5 73.7 72.4 69.9 66.5 64.9 63.1 60.0 56.7 54.2 48.8 83.2 
16 26-37 12/20/93 3-2 V V 57 43.7 48.4 51,5 49;9 53.7 54.0 59.& 59.1 58.5 60.8 66.8 67.6 70.4 74.1 73.0.71.8 70.7 67.2 66.5 63.2 61.4 63.4 53.9 49.7 80.6 
17 28-6 12/06/93 3 D VU 47 51.8 51.3 83.1 58.7 69.& 81.8 73.8 75.173.979.3 76.8 76.4 74.5 74.0 73.5 70.9 68.0 66.0 63.6 62.7 611.9 59.2 58.2 54.7 87.1 
18 28-9 12/06/93 3-1 V V 44 38.7 39.9 46.3 55.5 57.5 59.7 &6.2 60:11 74.1 71.1 71.3 71.1 74.& 76.3 77.0 72.7 71.5 70.0 68.2 65.4 63.0 60.4 57.4 53.1 84.0 
19 28-11 12/06/93 3-2 V V 46 49.!s 47.9 45.7 55.7 52.5 56.5 60.4 60.1 &4.4 67.2 6&.8 69.0 70.5 70.2 69.4 68.1 68.5 68.3 64.2 61.6 55.9 54.7 50;2 45.9 79.0 
20 28-13 12/06/93 3·2 V V 58 45.4 55.8 56.7 51.1 58.9 57.1 62.3 64.9 &5.8 68.0 71.8 74.3 77.8 75.6 71.4 70.7 71.5 74.3 71.7 73.4 69.1 64.0 60.3 54.0 84.3 
21 28·16 12/06/93 3-2 V V 52 38.& 44.3 44.9 51.9 49. 7 58.& 59.0 80. 7 63.5 67 .4 72.8 89.0 70.0 75.1 72.9 69.1 67. 7 65.2 62.1 58.9 57.6 55.0 53.8 47 .3 8.0,8 
22 28-21 12/06/93 3-2 V H 54 44.6 45.2 49.0 53.5 55.1 56.1 59.1 63.8 65.0 70.2 72.0 70.4 70.9 73.4 71.3 68.4 66.7 65.5 63.8 61.4 58.2 56.5 51.5 44.4 80.5 
23 28·22 12/06/93 3. T V L 61.47.1 49.750.4 53.3 57.6 58.2 59.9 59.8 85.3 70.2 73.6 76.2 74.1 71.0 70.6 69.0 79.0 71.5 64.0 62.3 60.3 55.9 52.5 47.9 83.8 
24 28-28 12/06/93 3-2 V V 47 49.4 45.3 58.7 54.3 58.9 57.1 59.7 59.1 59.8 69.7 69.9 71.0 70.5 70.9 69.6 67.4 67.4 62.8 58.8 56.5 52.9 51.1 48.3 44.9 79.2 
25 28-30 12/06/93 3·2 V V 47 47.0 52.8 &2.0 55.2 62.11 110.11 110.8 .611.4 158.3 70.0 73.8 73.0 74.6 73.9 72.6 76.6 74.5 81.8 78.9 82 •. 8 79.4 76.3 74.5 70.1 89.1 
26 28-36 12/06/93 3-2 V V 59 38. 7 58 •. 1 48.1 51.3 54.8 54.9 111.1 &3.3 83.5 70.3 79.8 77.11 75.6 75.2 69.5 68.2 68.0 71.2 71. 7 69.6 62. 7 62.9 65.3 57 .5 84.9 
27 28-38 12/06/93 3-2 V V 52 45.8 41.4 49.7 50.7 52.9 55.7 57.2 61.0 63.5 70.9 71.7 73.7 73.6 71.6 70.4 69.5 66.1 64.7 61.0 58.7 55.6. 51.8 48.8 45.6 80.9 
28 28-39 12/06/93 2•2 V V 50 42.0 39.0 47.8 53.2 55.9 55.7 59.8 59.8 112.1 69.11 73.11 76.8 73,773.11 69.3 615.8 65.6 64.5 &1.9 59.9 55.4 51.7 48.1 44.9 81.9 
29 28-40 12/06/93 2·2 V 44 43.5 47.0 48.11 53.& 49.5 54.1 57.5 81.11 113.5 70.0.74.& 71.7 72.2 73.3 68.5 67.3 66.7 64.9 114.2 60.9 59.4 59.2 52.2 48.1 80.9 
30 28-42 12/06/93 3 T V 52 38.2 40.0 45."8 55.3 70.3 61.3 60.3 115.9 67.5 73.4 74.1 75.2 74,573.7 70.7 73.8 71.4 70.6 72.0 69.7 67.7 66.1 68.4 59.7 84.1 
31 28-43 12/06/93 3·2 V 411 40.2 44.4 53.8 48.4 48.11 .110.0 59.9 59.3 112.8 69.1 68.0 72.5 74.1 73.0 70.2 &9.4 65.9 64.0 60.9 58.5 57.8 54.2 52.5 47.2 80.5 
32 28-46 12/06/93 2·2 H 52 48.2 42.4. 50.9 56.0 54.0 58.2 62.3 59.7 63.0 115.1 66.5 73.9 73.5 72.11 68.5 68.0 65.6 .62.9 60.7 56.3 54.1 50.7 47.1 44.6 80.0 
33 28-47 12/06/93 2-2 V V 47 48.9 42.11 50.9 53.7 511.8 511.7 110.3 114.7 &4.3 115.8 70.4 71.4 72.8 73.4 69.3 68.2 66.8 64.5 63.1 64.7 63.1 59.5 53.5 48.2 80.4 
34 28·48 12/06/93 2·2 V V 58 46.3 41.9 49.2 51.5 54.8 511.161.9112.8 114.11 65.5 72.2 72.2 73.5 74.0 74.0 70.6 67.9 65.5 63.4 59.3 56.1 56.1 49.1 46.0 81.5 
35 29•4 11/30/93 3·2 V V 42 45.3 43.7 53.1 57.7 64.9 67.1112.0118.0 117.1 71.3 68,585.4 119.3 615.& 115.8 65.8 64.5 62.2 60.3 58.4 57.0 56.2 52.7 49.2 78.7 
36 29-10 11/30/93 3-2 D V 41 44.3 42.9 52.4 54.4 56.0 54.8 60.8 59.0 61.0 117.2 6&.1 67.6 68.1 65.4 65.6 67.8 64.9 61.9 59.5 56.2 51.7 48.8 44.6 41.8 76.6 
37 29-11 11/30/93 3-2 V V 32 44.7 48.1 64.8 50.6 53.3 61.5 62.5 61.5 71.9 110.15 64.5 68.8 64.8 67.7. 71.4 66.0 65.4 62.8 60.0 62.0 59.8 59.3 55.5 55.1 78.6 
38 29-13 11/30/93 3-2 v v 35 43.8 40,3 511.5 48.7 53.5 66.o 54.7 57.o 58.o so.a 64.o 65.1 64.5 62.a .55_5 65.o 64.2 65.2 63.3 60.7 57.5 57.0 53.3 59.9 75.6 
39 29-15 11/30/93 3·2 V V 35 40.4 44.1 56.9 55.0 58.3 58.4 56.1 511.6 63.3 76.3 66.4 114.5 70.5 69.4 70.4 71.7 69.3 65.7 63.7 64.1 58.7 54.7 51.5 48.1 80.8 
40 29-16 11/30/93 3-2 F V ·u 38 39.2 42.5 48.4 51,2 511.0 52.5 511.1 55.9 60.8 65.8 68.0 64.8 66.0 63.4 114.0 154.5 63.8 58.8 57.8 57.1 50.5 48.3 44.5 42.7 75.0 
41 29-19 11/30/93 3-2 V V 40 37.9 42.2 43.2 49.0 54.5 58.9 63.8 59.7 78,5 80,857,460.7 64.164.0151,9 64,161,958.3 55,8 51.8 50.7 47.1 44.4 42.9 83.2 
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42 21-26 11/30/93 3. G V 42 -11:1 .1. .. 42J SD.1 11.?si.a j2;$ iaJ H.2 13.8 93;1 84.1 M~I 11i:1 18.2 88.3 85.li &i.2 84.4 82.0 eo.157.0 52.8 50:4 77.6 
. _ 21~22 11,ao,1:i a-2 v · a, 40.4 42.:. •s. 1 41;1 s•.• si-.li se;, ili~o 12.• es.a ea:,- e,;2 16.:i e3.i 112.4- ea.a 110,1 sa.2 ss.o-. s2.1 so;o 47.3~4a.1 -41 i4 1s.2 
_ii4 2t;-23 '1113071:i :1-2 v __ j_ a, 40.II ~z-~ ~•-~ 10.~ se.7:.12,~ 5.2;7 .111;4 1•-~-•2;~_:st.11 ~4.8 88'.~ 84.0, i4.t 113.a 6~.a ~1.4-sa.2 ss.js s2.1-!S2~1-4s.a -43,7 -a3.CJ · 
·45 29-28 11/30/13 2·1 V iV 33 42.1 45.1 10.0 '49o0 18.0 19;8 73.1 88~7 54.4 10;2 87;2 15;8 ss.-s 58.8 84•.5:83;3 82.4 80.0 58.0 84;8 51.8 .48. 7 45.8 45.8 78.3 

.· -11 21-21 H1aoif3 a-2 D v 40 aa.s 41.i i2.S11.i st.o i4.s ila~s es,.i iii.2 1i;2 112.:i is.it is;2 s4.s ia.2 1111.1 u.s &3.2 59.a 84 .• li so.a so.1 45.1 43.2 11.s 
47 21-:H Hi3D/13 3;2 r:s v. 42 44.1145.54.,s 11.1 ••~t 80.f 111;_4 11.2 87,2 11.o i9,t 'J'.i.a 12.a 89.5 75.a 73.4 11.1 ea.a 111.s 82.1110.1 s,e.o 49.8 45i9 12.8 
4121-aa 11/30/93 :t-2 t v 44 43,4 44.e 1o1.i ••·• 1t~1.st.iil n~i ifrt 84.li 14;9 10.a 1i.s 11:111.3 ei.1 8il.7 es;g so;, 59.e s1.s &4.5112.0-ss.2 45.i 10.1 
4i 29-37 111ao11a a~2 v v as 40.s 49;t 1h.i s2.154,31s~1 11;111.2 81.0 siU 12;3 u.o i:i.la7.s i4.7 8s,II 83.a si.i 57.i s2.i 4i.s 41,7 43.2 41,610.2 
so 21;42 1t1ao1oa a~2 v v. 31 31.1 u;e ,,.o 5s;e s, ... 11.1 &1:1 io.t 81.0 8i.5 ea.is 112.113.1112:0 11.a 12.e io.• 11,1 sa.a ss.a 11.1 so.a 45.3 44.e 1s.s 
s1 21-d 111ao1ia i-2 t v. 47 ~•·• 41~0 54;1 o1i~• ,54.1 isa.i 11 •. 4 iia.i 11.1 il7.4 11.1 1s~5 ,s .• t 11.. 1 88.t 111.1 64,4 1:i.2 si.o 11.:s st.4 s2.s 41,i 46.1 u;o 

. s2 21-4ii 111:io16:1 3.2 t v 3il 43;1 44,iS s2.1 isa;s 11.2 10;7 s1.a 11.1 sa.2 112.s 84,7 83,1 11.e 113,4 es.o 14,1 &.3.1 &7,2 1!16.3 53.a so.9 41.3 44.4. 42.o 74.1. 
__ ~- ---' ______ 5;t29_,,_5.0 __ 1.1L30J-9.3~3_:_ _a __ y __ a/L~.:t.i_a9.t. • st_,_3 __ 44. iLM.4..:Cl'2~:7-!Si~.4-57-,4 -82.B-73;.1-15-.~1~i4 .i-i&. 8-~84 •• ois.3-14~t.:.18.-1-~11-~il ,12 .-t · 11_·1-.-a-&1.-3--80.9~s-1:.a-54.4 .:.79.2 -- . . · · . 

· ii4 21-51111ao/93 a-2, vu 3ti 39,753.3 11.1 si1.1·ss.2 Iii.a 110~1 i11.2 i3;t 111.t,a:1ai.1'01;2111.0lis.111.4 88.s is.ii 11;0. ii.s &3.2 111.6 s1.s 116.119.0 -

- ss :io~i 1210211i a a v 4f4t,4 47.i 49.2 il4.t ea;a 5a.f14;3 i;1.:ii s1.1 es.o 12.s t8.9 12.a 10.i 10.2 isi.i 111.a 84.i .is2.i li1.1 sa.8 s1.1 59,953.411.1 
58.30-2 12/02/93 2•2 V V 43 47.2 48.119.5 4i,4 51,4 58,:i il3,i 72/7 ila.7 88.8 is.a 88.1 18.1 71,tl 71~1 70.8 88 .• 3 65,1 62,7 so;o 58,3 54.9 51,748.5 80.2 
57 30-3 12/02/93 4 D V L 40 44.0 44.& 49;1 si.1 82.4 19.J 83,8 io.i 18.4 88,2 84;f7'o.2 8814 71,2 7.0,1 89.8.17,7 !54,8 51,4 59,8 58,7 94·.0 51,0 46.5 79;2 

·. 58 30-4 12/02/93 4 D Vi. 43 45.4 it.a 77.0 io,I 85.0 70.4 83.i 85.08i.2·1i.1114.7 11;1 ea;, 70,7 71,0 70.I 70,7 58.i 11;1 65.2 82.3 80 .• 8 57.8 58,3 12;3 
st io-1 12102/93 4 i. v 49 49.s 48.7 ilo.7 1s;1 sa.1 sa.5 ~t;t 11.4 as.~ 11.e as.is 11~1 10.110.~ 10.2 159.7 88,B il4.4 62.3 s1.2 s&.9 se.1 54,2 ss.2 11,4 
80 30•9 12/02/93 3 .D V. 39 45,5 49.2 71,8 54.2 52.7 84.4 55;8 87.4 71.i 154,1 70.9 84,8 iB,2. 89.9 89;8 86.0 84,4 64,1 il1,5 59.9 57,5 54 •. 8 55,1 52.8 79;9 
e1 30-12 12102113 a . D v l 311 42.s 41.7 "'·' so.o 5,1;·0 57;1 ii.e 13.2 10.111.3 es.i es.1 11,4 ile.e 88.t 19.4 111.2 84 •. 6 114.s 110.1 sa.1 s.9.a 53.0 ,ig;fta., 
"12 30-11 1210219:i 4 . · .o v iJ4 47, 1 is.e 55, i 111.4 112.0 s1.o as.1 14;1 11. '1 "is. 1 11~• ai;a 12 • .- 11,4 11.1 11.e 88.2 11.1 as.a i1 .o &9.5 ss.1 114.a s1.s 11.s 
a:i 30•20 12/02/i:i 3-2 T V 37 49;9 45;0 5-1.!S 57.2 19.i 80 •. 1 83,7 82~3 70.0 81.8 88,4 87,i 19,8 70,5 89.7-70.3 70.0 88.3 83.5 82,3 59.9 10.a 56.4. 49,6 79.5 
64 ao,23 1210211a a-2 i; v s2 44.a so.8 .so.a so.a 10~1 ea.ii 10;111;119~8 12.a 11;111.1 H.s 14.s 12.a 11.111.1 iis.1 84.o 110;1 sa.o .s1.1 s2:1 47.3 a2.2 · 
es 30-24. 1210211a 4 .D H ·t 40 43,2 so.II is.a e1.1 11 ;a aa.i ii.a 11.1. 11.0 14:a 84.o M.2 11:11 10.2 a7.s 12;1 14. 1 12. 1 as.a ali.o 14, 1 aa.o 11. 1 12.0 96.9 
88 so-2112102193 3.2 r. v 31 4&,i:s iso.1 48.7 u.a 11.a so.184.i ee.2 1s.s s2;a 12.a 11.4 111.a 111.1 es.e 11.1e&.311.111;4 88.9 e2.1 e2;1 59.5 s2~9 ao.4 
87 30-27 12/02/93 3 D \f .. L 43 40'.5 49,3 51,858,757.7 50;8 82~1 81,3 51,1 7i,2 84,385.1 119.8 89.9 73.2 73,0 87;9 88,9 88,8 83,8 50,0 64,1 54,4 50.0 81 •. 4 
68 ao-21 12102;,a a-2 o v 41 41.9 43.7 111.a as.a ss.o 55.o 54,9 57,f 83.7 ao.s ei.o ia;o 88.a 11.411.2 59.5 .11.il 111.1 63;1 so.a 56.5 54.4 so.a 45.5 1a.1 
89 30-32 12/02/13 3-2 T V. 54 42,8 45,291,857.8 58,059,385.0 83.8 114,9 81.i 84,777.7 89,8. 71~8 70,070.5 58.5 85,983.3 80~7 59,559,056.3 54,781.4 
10 30.as 12102193 a o v L 44 41,5 43, 7 ia.o se.9 88.9 11 ;1 i0,4 s1.a 11.0 12.1 88;2 68.a 10,4 12;5 10.1 s1.i es.a ss.2 84. 1 lio,8 · 59.s 58.3 · 55-,3 s:1.2 ao.3 
11!Jo-a112102/93 a. D V.L so so.a 48.4 &4.s i11.2 76.a 55,217.4 ia.s sa,a &3.9 12.a es.288,a 74,4 75.o is.a ee;9 as.a es.3 s2.1 -sa.e s1.2 53.9 55.o a2.o 
12 ao-aa 1210210a a .·. Q v i4 45.7 41,7 u.3 54~s s1,a is;s 1-1.1 aa.4 114,1 11.0 11.11 19,4 73.4 12.1 11.s 11.s 11.a 11.a s1. 1 ia.e s1.1 ss,2 s2.a so.2 12.e 
73 30-44 12/02/93 4 T ... V 42 45,1 42.1 55,5 54,1 80.5 85,7 83.3 88,8 88.5 85.8 89,2 87,8 57,9 8.8,8 19.8 68.5 88,2 84,8 53,5 1$4,1 57,0 61,7 59;0 52,119.8 
74 30"49 12/02/93 3-2 V V 42 49,9. 51.2 55.8 53.5 54.7 58;2 81 ;5 57, 7 87.9 84, 7 80.8 53.4 88.8 70.U9_,.A_UJ_0_87~2-65J_L1a.2_&0 .• -1..:c5t..,.2.-52...2---1a.-0--43-;,_77_,7 _____ _ 
75 30•53 12/02/93 3·2 V V 48 45,7 49,4 81,154.0 55.1 so;& 88,288.1 83.8 70,7 88~2 70,2 70,0 73,071,871.5 89.4 67,0 65;3 82.~ 10;7 58_-6 55.3 51.2 80.9 
11·30,54 12102113 3 n v L 39 48.2 49.& ia.2 ia.s 13,a si.s 10.1 i4.7 ss.1 &4.ie9.a 88.2.88.2 10.s 11.1aa.410.s 10.s 11,4 11.e 66.a 84.3 59,1 s2.1 e1;1 
77 30~58 12/02/93 3•2 D V .40 42;2·45,3 48,9 &i.8.55,2 80.0 58,8 iS1,3 82.8 59,8 85,9 71;4 71.1 71~0· 12;5 70,869.5 88,864,881.5 58.6 55.6 52.2 48.-2 80,0 
11 ao-58 12102/93 a-2 T v 4& 43.a 42,0 so.a· s2.1 ss.9 59. 7 es. 1 e2.-a 112.2 s2.s ea.a 88.a 70,4 1a.i -11 .a 11.0 11 .• 2 &1.2 83.3 eo.2 57,4 59.o s1.o 48.o ao.o 
79 30,59 12/02/93 3-2 V V 42 44,2 43,8 49,8 49,5 55,4 57,0 59,4 80.7 58,i 65.2 51.,5 84,8 88,1 70,0 89,5 85,5 85.4 J4;8 86,1 83,8 58.9 55,8 50,1 46.2 77.6 ·· 
so ao-10 121021,a a D v 47 44,a 45 .• 8 s2.2 74.4.59.a 11.a 11.1 12.a 11,;a 1s.1 10.1 10.1 10~0 12.0 12.1 12,410.2 11.0 11.1 88.1 ti8:1 17~3 e4;7 82 • .i 84.a 












