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ABSTRACT:

In 2010, the Institute of Transportation initiated a three-year project to investigate the traffic flow characteristics at
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Australia (Australasian Fire Authorities Council)
Fire Safety Guidelines for Road Tunnels, 2001

Austria
Design Guidelines Tunnel Ventilation, RVS 9261:9262, 1997

France
Inter-Ministry Circular No. 2000-63—Safety in the Tunnels of the
National Highways Network, Ministry of the Establishment,
Transport and Housing, France, 2000

Germany
Forschungsgesellschaft  fiir ~ Strassenand  Verkehrswesen,
Richtlinien fuer = Ausstattung und Betrieb von Strassentunneln
(RABT), Germany, 2006

Japan
National Safety Standard of Emergency Facilities on Road Tunnel,
Japan Road Association, Japan, 2001

Netherlands
Recommendations Ventilation of Road Tunnels, RWS Bouwdienst,
Steunpunt Tunnelveiligheid, 2005

Norway
Norwegian  Design  Guide—Road  Tunnels,Public ~ Roads
Administration, Norway, 1990

Nordic Countries
Ventilation of Road Tunnels, Sub-Committee 61, Nordisk
Vejteknisk Forbund (NVF), Report No. 6, 1993

Sweden
Tunnel 2004—General Technical Specification for new tunnels
and upgrading of old tunnels, Swedish National Road
Administration, Pub. 2004,124, Sweden 2004

Switzerland
Ventilation for Road Tunnels, Swiss Federal Roads Authority
(FEDRO),

United Kingdom
Design Manual for Roads and Bridges, Part 9, BD 78/99, Design
of Road Tunnels, 1999

United States
Road Tunnel Design Guidelines Federal Highway Administration,
FHWA-IF-05-023, 2004.
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1.United Nations Economic and Social Council, Inland Transportation
Division, “Recommendations of the Group of Experts on Safety
and Road Tunnels,” Final Report, 2001.

2.European Union Commission, “Minimum Safety Requirements for
Tunnel in the Trans-European Road Network,”  Directive

2004/54/EC, 2004.
3.PIARC (Permanent International Association of Road Congress, or
the World Road Association) Technical Committee on Road Tunnel,
“Fire and Smoke Control in Road Tunnels,” 1999.
4 National Fire Protection Association, “NFPA 502 Standard for
Road Tunnels, Bridges and Other Limited Access Highway,” 2011.
5.ASHRAE (American Society of Heating, Refrigerating and
Air-Conditioning  Engineering, Inc.), “HVAC Applications
Handbook, Chapter 13- Enclosed Vehicular Facilities,” 2007.

6.International Tunnel Association, “Guidelines for Structural Fire
Resistance for Road Tunnels,” 2004.
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%33 A9 &£ 9" 17p Hp|Birimt2Z 2xa T

B (km) [i7 B ()| =8 (km) | 75 B () | B ()| 75 & ()
1.072 0 5.523 16438 15.478 16470
1.424 | 18209 6.498 16717 15.856 16691
1.766 | 18537 7.113 17315 16.201 16764
2.050 0 7.553 17621 16.551 16640
2.433 8340 7.923 17458 16.902 16566
2.835 0 8.669 17033 17.253 16722
3.178 | 12038 9.063 17188 17.608 16783

9.326 17828 17.990 16625
9.840 17773 18.312 16421
10.145 17798 18.663 16761
10.495 12936 19.013 16608
10.845 17711 19.363 0
11.158 17783 19.677 16550
11.545 17775 | 20.063 16789
11.895 17655 | 20.413 16719
12.245 17754 | 20.763 16709
12.595 17731 21.063 16463
12.945 17718 | 21.460 16716
13.343 17227 | 21.807 16702
24.678 0

24.962 16709

25.312 16535

25.664 16708

26.013 16754

26.299 16778

26.706 16514

27.054 16667

27.442 16680

27.748 774
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434 AFO6E 9 2 p WP Bl X 4L AR
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=% (km)| B (m) | =% (km)| 5 EG0H) | =& (km)| 5 E(F)
1.068 0| 588 | 32410 | 15488 | 28371
1.435 35692 | 6.413 | 32457 | 15.855 | 28398
1.788 0| 7.113 | 32558 | 16.196 | 28404
2.068 28297 | 7.636 | 32653 | 16.570 | 28367
2.455 0| 8043 | 13133 | 16900 | 28278
2.849 35507 | 8.703 | 13205 | 17.268 | 28421
3.198 34594 | 9.013 | 32715 | 17.608 | 28425
9.373 | 33047 | 17.998 | 28451
0.840 | 31340 | 18313 | 28273
10.147 | 32985 | 18.662 | 28429
10.506 | 33013 | 19.012 | 28345
10.866 | 32869 | 19.361 | 28441
11.178 | 32998 | 19.689 | 28234
11.555 | 33029 | 20.062 | 28459
11.896 | 32851 | 20412 | 28418
12.238 | 32988 | 20.752 | 28445
12.579 | 32815 | 21.055 | 28238
12.922 | 32955 | 21.444 | 28448
13.348 | 32879 | 21.808 | 28467
24.677 | 28469
24.952 | 27854
25310 | 27961
25.652 | 28437
26.007 | 28435
26.300 | 28463
26.705 | 28239
27.056 | 28070
27468 | 28383
27.779 | 28356
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% (km) | 05 2 () | =& (km) | 775 B (§F) | = B (k) [ 77 B (4)
1.068 40410 5.883 37359 15.488 34116
1.435 40326 6.413 37426 15.855 34048
1.788 40407 7.113 37469 16.196 34248
2.068 40065 7.636 37582 16.570 34190
2.455 39431 8.043 37297 16.900 34218
2.849 40498 8.703 37539 17.268 32735
3.198 40390 9.013 37724 17.608 34317

9.373 37757 17.998 34364
9.840 37947 18.313 34135
10.147 37907 18.662 34389
10.506 37922 19.012 34464
10.866 37725 19.361 34453
11.178 37965 19.689 34378
11.555 37966 20.062 34496
11.896 37640 20412 34289
12.238 37970 20.752 34388
12.579 37934 21.055 34448
12.922 38058 21.444 34523
13.348 37901 21.808 34552

24.677 34804
24952 34829
25.310 20457
25.652 34847
26.007 34299
26.300 34927
26.705 34383
27.056 35052
27.468 35132
27.779 35063
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X

3.6 S d pk 30 % i E it 2
i o 3 7
R N N AP EE LR IR LI
Tl e 2] T e | e | @) | T

99/01/09 | = | 24390 | 676 | 2.7 |25066| 29216 | 805 2.7 130021|55087
99/01/10 | P | 30524 | 849 | 2.7 [31373| 25638 | 768 | 2.9 [26406|57779
99/01/16 | = | 27541 | 295 | 1.1 |27836| 32429 | 830 | 2.5 |33259/61095
99/0124 | P | 31082 | 858 | 2.7 |31940| 24675 | 809 | 3.2 |25484|57424
99/03/01 | — | 20944 | 572 | 2.7 |21516| 19615 | 700 3.4 |20315]41831
99/03/08 | - | 19356 | 705 | 3.5 |20061| 17461 | 750 | 4.1 |18211|38272
99/04/03 | - | 25016 | 851 | 3.3 [25867| 44860 | 945 2.1 |45805|71672
99/04/04 | P | 34436 | 756 | 2.1 |35192| 38927 | 779 | 2.0 |39706|74898
99/05/08 | = | 26191 | 947 | 3.5 |27138| 34658 | 993 2.8 13565162789
99/05/10 | — | 20687 | 695 | 3.3 |21382| 18447 | 788 4.1 |19235|40617
99/10/08 | I | 21217 | 995 | 4.5 (22212 25221 | 794 3.1 |26015|48227
99/10/09 | = | 29158 | 790 | 2.6 |29948| 35792 | 908 2.5 [36700|66648
99/10/10 | P | 33333 | 954 | 2.8 [34287| 27920 | 864 | 3.0 |28784|63071
99/10/11 | - | 23406 | 597 | 2.5 |24003| 20532 | 609 2.9 |21141(45144
99/12/10 | - | 21084 | 786 | 3.6 |21870| 24723 | 792 | 3.1 |25515|47385
99/12/11 | = | 29793 | 851 | 2.8 |30644| 36404 | 932 2.5 [37336]67980
99/12/12 | = | 34668 | 1036 | 2.9 |35704| 29985 | 851 2.8 130836|66540
99/12/13 | = | 22905 | 629 | 2.7 |23534| 20335 | 612 2.9 120947|44481
99/12/31 | I | 23254 | 687 | 2.9 |23941| 29837 | 681 2.2 13051854459
100/01/01 | = | 35632 | 775 | 2.1 |36407| 44578 | 874 1.9 145452|81859
100/01/02| P | 36108 | 809 | 2.2 [36917| 24280 | 669 | 2.7 |24949|61866
100/01/03 | — | 20112 | 497 | 2.4 |20609| 17688 | 507 2.8 |18195|38804
100/02/01| = | 18625 | 517 | 2.7 |19142| 32120 | 622 1.9 132742|51884
100/02/02| = | 14086 | 404 | 2.8 |14490| 36588 | 681 1.8 [37269|51759
100/02/03 | = | 28740 | 507 | 1.7 |29247| 40724 | 822 2.0 |41546|70793
100/02/04 | 7 | 37912 | 583 | 1.5 |38495| 41008 | 721 1.7 |41729|80224
100/02/05| - | 41413 | 723 | 1.7 |42136| 38794 | 810 | 2.0 |39604|81740
100/02/06 | P | 46885 | 895 | 1.9 |47780| 29282 | 672 | 2.2 |29954|77734
100/02/07 | — | 43645 | 799 | 1.8 |44444| 24385 | 673 2.7 12505869502
100/02/08 | = | 27896 | 600 | 2.1 [28496| 23722 | 604 | 2.5 |24326|52822
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%37 2010 # 5 TRRip 2 BRAEH 2 X R EE R E 2L R

B T T g T
& |7 = T = T
R 2 m| FE0| Ralin |2 | #LO0

2010 1 | 13 | 18802 | 18774 0.1 17505 17762 -1.4
20101 1 |20 | 21295 | 21195 0.5 19861 19991 -0.7
2010 1 | 27 | 21201 | 21192 0.0 19770 19572 1.0
201013 | 3 | 21042 | 19850 6.0 18438 18812 -2.0
2010 1 | 11 | 19352 | 19379 -0.1 18086 18378 -1.6
2010 1 | 18 | 20533 | 20277 1.3 19014 19318 -1.6
2010 1 | 25 | 19979 | 20004 -0.1 18953 19320 -1.9
201013 | 1 | 21594 | 21484 0.5 20105 | 20217 -0.6
20101 3 | 8 | 19582 | 19558 0.1 18267 18493 -1.2
201014 | 2 | 29725 | 29534 0.6 28168 | 28049 0.4
20101 4 | 3 | 44265 | 45828 -3.4 45184 | 44676 1.1
201014 | 4 | 40222 | 40849 -1.5 39277 | 39029 0.6
201004 | 5 | 25855 | 25740 0.4 23658 | 23762 -0.4
2010 5| 7 | 26390 | 26036 1.4 24397 | 24845 -1.8
20100 5| 8 | 37922 | 36777 3.1 35288 | 35545 -0.7
20101 5| 9 | 28602 | 28108 1.8 25656 | 25922 -1.0
20101 5| 10 | 20178 | 20193 -0.1 18788 19296 -2.6
2010 1 | 8 | 22514 | 22268 1.1 21041 21085 -0.2
2010 1 | 15 | 26279 | 26155 0.5 24763 | 25020 -1.0
2010 1 | 22 | 25634 | 25511 0.5 24262 | 24589 -1.3
201013 | 3 | 21042 | 19850 6.0 18438 18812 -2.0
20101 1| 9 | 32531 | 31368 3.7 29686 | 29788 -0.3
20101 1 | 16 | 34768 | 34520 0.7 32893 | 33110 -0.7
2010 1 | 23 | 32326 | 32100 0.7 30750 | 31063 -1.0
201003 | 6 | 38418 | 37396 2.7 35210 | 35279 -0.2
2010 3 | 13 | 34357 | 34899 -1.6 33578 | 33888 -0.9
2010 3 | 20 | 38301 | 36948 3.7 35238 | 35301 -0.2
2010| 3 | 27 | 39456 | 38982 1.2 37383 | 37594 -0.6
20101 1 | 10 | 28901 | 28236 2.4 26059 | 26332 -1.0
2010 1 | 17 | 26323 | 26246 0.3 24315 | 24670 -1.4
2010 1 | 24 | 27707 | 26939 2.9 25171 25492 -1.3
201003 | 7 | 28201 | 27886 1.1 25995 | 26003 0.0
20101 3 | 14 | 31759 | 31039 2.3 28366 | 28638 -0.9
2010 3 | 21 | 30285 | 29826 1.5 27538 | 27925 -1.4
2010 3 | 28 | 32431 | 32056 1.2 29597 | 29853 -0.9
201004 | 11 | 31086 | 30661 1.4 28209 | 28544 -1.2
2010( 4 | 18 | 27660 | 27512 0.5 25441 25900 -1.8
2010 4 | 25 | 30498 | 30066 1.4 27574 | 27915 -1.2

29




# 38 2010 &4 Frpsp 2 AR 2 X BB HRIAE 2 R

. ¥ oLk o~ T RS N T
= 1 p— Py p— T
Fee | #E00| T e |28 ) #E0

2010 1 | 13 | 18809 | 18589 1.2 20432 | 20513 -0.4
20101 1 | 20 | 20686 | 20479 1.0 22302 | 22324 -0.1
20101 | 27 | 21418 | 21210 1.0 22991 23022 -0.1
20101 3 | 3 | 20329 | 19958 1.9 22151 11243 97

2010 1 | 11 | 21417 | 21219 0.9 22973 | 23118 -0.6
2010 1 | 18 | 21740 | 21615 0.6 23193 | 23288 -0.4
2010 1 | 25 | 22671 | 22337 1.5 23418 | 23632 -0.9
201013 | 1 | 23080 | 22838 1.1 25907 15560 66.5
20101 3 | 8 | 21462 | 21122 1.6 17827 11340 57.2
201014 | 2 | 22494 | 22053 2.0 23548 | 22889 2.9

201014 | 3 | 27733 | 27244 1.8 28954 | 27908 3.7

201014 | 4 | 38698 | 38058 1.7 40214 | 40390 -0.4
201014 | 5 | 47117 | 46624 1.1 46653 | 47108 -1.0
20100 5| 7 | 21707 | 21100 2.9 22851 | 22980 -0.6
20101 5| 8 | 29784 | 29080 2.4 31122 | 31235 -0.4
20101 5| 9 | 39702 | 38867 2.1 40663 | 41053 -0.9
2010 5| 10 | 22822 | 22523 1.3 24067 | 24145 -0.3
2010 1 | 8 | 19377 | 19191 1.0 20967 | 20983 -0.1
2010 1 | 15 | 23004 | 22704 1.3 24777 | 24807 -0.1
2010 1 | 22 | 22062 | 21706 1.6 23230 | 23257 -0.1
20101 3 | 3 | 20329 | 19958 1.9 22151 11243 97

20101 1| 9 | 26860 | 26495 1.4 28013 | 28124 -0.4
20101 1 | 16 | 29999 | 29582 1.4 31381 31476 -0.3
2010 1 | 23 | 27152 | 26712 1.6 27901 27876 0.1

20100 3 | 6 | 32870 | 32348 1.6 35270 17592 | 100.5
2010 3 | 13 | 29627 | 29040 2.0 31013 18091 71.4
2010 3 | 20 | 31657 | 31155 1.6 33447 16758 99.6
2010 3 | 27 | 31823 | 31166 2.1 33123 | 27969 18.4
2010 1 | 10 | 34289 | 33655 1.9 36005 | 36118 -0.3
2010 1 | 17 | 33176 | 32594 1.8 34539 | 34779 -0.7
2010 1 | 24 | 34273 | 33596 2.0 35403 | 35488 -0.2
2010 3 | 7 | 35249 | 34473 2.3 37116 18427 | 101.4
20101 3 | 14 | 39176 | 38288 2.3 40454 | 40707 -0.6
2010 3 | 21 | 38224 | 37274 2.5 38914 19518 99.4
2010 3 | 28 | 41828 | 40847 2.4 42510 | 37912 12.1
20104 | 11 | 38221 | 37124 3.0 39124 | 27770 | 40.9
2010 4 | 18 | 35835 | 34769 3.1 36371 36659 -0.8
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8 C R 2 5 HCRECY (TSS 5% ) Rde sl

COMMON/B1/GRADE,XMASS,POWER,POWERE,PAXLE,ALTI,DRAGAIR,AREA,
1 FMAX,FRICT,TIRE1, TIREZ,ROLL
DIMENSION XL0(99999),SPEE(99999),GRA(50),5S1(50),S2(50),HIGH(50)
DIMENSION GRAA(50),511(50),522(50)
DIMENSION ACCC(99999)
C**Open input file : truck.txt
OPEN(5,FILE="truck.txt")
C***<0Open output file: truckout.txt
OPEN(7,FILE="truckout.txt')

MU=-1
C ORIGIN=146313
C Mu=1
C WRITE(7,*)'LOCATION Speed Acceleration'
C WRITE(7,*)" M KPH m/s/s'
C TRUCK FEATURES

Crexesk ENGINE POWER KW:223KW(300 hp) to 485(650 hp), 261KW=350 hp.
C POWER=261*0.9

C POWER=250
CcrrxxxxpOQWER EFFICIENCY: 94%
POWERE=0.94
Crmtxk*TRUCK MASS kg: 22200 to 44000 kg
C USE 31852 kg for ib/hp ratio of 200
C XMASS=31852.
C XMASS=30000
CrekxkxAltitude of highway, m
ALTI=100.
Crexk DRAG COEFFICIENT: single unit truck 0.7; tractor-semitrailer 0.7;
C no aerodynamic aid 0.78; aerodynamic aid on roof 0.64;
C full aerodynamic aid 0.58
DRAG=0.78

Crexk AIR coef for air density at sea level at 15 degrees C
AIR=0.047285
Cretxk ROLLING COEFFICIENT: concrete 1.0(excellent) to 2.0(poor);

C Asphalt1.25(good) to 2.25 (poor)
ROLL=1.25
Cretxxk ROLLING RESISTANCE Tirel (0.0438 for bias ply tires; 0.0328 for
C radial tires) and Tire2 (6.100 for biase ply, 4.575 for radial)
TIRE1=0.0328
TIRE2=4.575
Crekxxk FRONTAL AREA of trucks, square Meters(semi-trailer van type 10;
C semi-trailer van type body 10.7; straight truck van type 8.9;
C tanker and flat bed 7 to 7.9
C Dump truck 6.8
AREA=10.7

C-1



C%***** mass acting on tractive axles(0.356 to 0.410)
PAXLE=0.375
Gtk FRICTION COEF(concrete 0.6 to 0.8; asphalt 0.4 to 0.6)
FRICT=0.6
C XMASS=X(2)
C POWER=X(3)
C FMAX=9.8066*XMASS*PAXLE*FRICT
Crmxk*xREAD INITIAL SPEED(KPH), maximum speed(KPH)
READ(5,¥)V0O1, VMAXA,VMAXB,VO2,VMAX3,VMAX4
LEV1=VMAXA
LGV1=VMAXB
LEV2=VMAX3
LGV2=VMAX4
C CONVERT TO ft/s
VMAXA=VMAXA*32.8/36
VMAXB=VMAXB*32.8/36
VMAX3=VMAX3*32.8/36
VMAX4=VMAX4*32.8/36
V01=V01*32.8/36
V02=V02*32.8/36
Crxertx*READ NUMBER OF DIRECTIONS to be analyzed
READ(5,*)IDIR

C***READ NUMBER OF GRADES and features for the first direction
DO 909 IDR=1,IDIR
IF(IDR.EQ.1)WRITE(7,*)' ikt XDIRECTION 1ottt
IF(IDR.EQ.1)THEN
WRITE(7,%)""
WRITE(7,*)" Maximum allowable speed on level segment, km/h="',
1 LEV1
WRITE(7,*)" Maximum allowable speed on downgrade, km/h="',
1 LGV1
ENDIF
IF(IDR.EQ.2)WRITE(7,)"'
IF(IDR.EQ.2)THEN
WRITE(7,*)' ookl DIRECTION 2ottt
WRITE(7,*)" Maximum allowable speed on level segment, km/h="',
1 LEV2
WRITE(7,*)" Maximum allowable speed on downgrade, km/h="',
1 LGV2
ENDIF
C*****INITIAL CONDITIONS
NHIGH=0
IF(IDR.EQ.1)THEN
VMAX=VMAXA
VMAX2=VMAXB
V2=V01
ELSE
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VMAX=VMAX3
VMAX2=VMAX4
V2=V02
ENDIF
IF(IDR.EQ.1)READ(5,*)NGRADE
DO 5 KG=1,NGRADE
C READ % GRADE, START and end locations in m
[F(IDR.EQ.1)READ(5,*)GRA(KG),S1(KG),S2(KG)
C WRITE(7,*)'KG GRA S2=",KGGRA(KG),S2(KG)
IF(IDR.EQ.1)THEN
Cc*+**+*  STORE DATA FOR OPPOSITE DIRECTION
MGX=NGRADE-KG+1
GRAA(MGX)=-GRA(KG)
S11(MGX)=S2(KG)
S22(MGX)=S1(KG)
ELSE
GRA(KG)=GRAA(KG)
S1(KG)=S11(KG)
S2(KG)=S22(KG)
ENDIF
C****************************************
IF(KGEQ.1)THEN
ORIGIN=S1(KG)
IF(S1(KG).GT.S2(KG))IADD=-1
IF(S1(KG).LT.S2(KG))IADD=1
IF(S1(KG).EQ.S2(KG))THEN
WRITE(6,*)'Error: The start and the end of grade 1'
WRITE(6,*)' is at the same location'
STOP
ENDIF
ENDIF
C DISTANCE FROM ORIGIN
S1(KG)=ABS(ORIGIN-S1(KG))*1000
S2(KG)=ABS(ORIGIN-S2(KG))*1000
WRITE(7,*)'S1 2="KGS1(KG),S2(KG)
C CONVERT S1 and S2 to ft
S1(KG)=S1(KG)*3.28
S2(KG)=S2(KG)*3.28
IF(S1(KG).GE.S2(KG))THEN
WRITE(6,*)'ERROR: End point of Grade:',KG

)

WRITE(6,*)' is closer to the origin'
WRITE(6,*)' than the starting point'
STOP

ELSEIF(KG.GT.1.AND.S1(KG).LT.S2(KG-1))THEN
WRITE(6,*)'ERROR: STARTING POINT OF GRADE:' KG

WRITE(6,*)' is before the end point of the'
WRITE(6,*)' previous grade'
ENDIF
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5 CONTINUE

Crxxxx*READ 1 data to determine whether to read one more
IF(IDR.EQ.1)READ(5,*)IYES

C  WRITE(7,*)'IDR IYES="IDR,IYES

IF(IYES.EQ.1)THEN
C WRITE(7,%)'IDR=",IDR

C IF(IDR.EQ.1)READ(5,*)POWER,XMASS,AREA,ALTI
IF(IDR.EQ.1)READ(5,*)POWER
IF(IDR.EQ.1)READ(5,*)XMASS
ENDIF
C*+**DETERMINE HIGH POINTS
DO 300 IG=1,NGRADE
WRITE(7,%)'IG GRADE="IGGRA(IG)
WRITE(7,%)'S2 S1=",52(1G)/3.28,S1(IG+1)/3.28
IF(IGEQ.NGRADE)THEN
IF(GRA(IG).GT.0)THEN
NHIGH=NHIGH+1
HIGH(NHIGH)=S2(IG)
C WRITE(7,%)'last HIGH=",1GS2(IG)/3.28
ENDIF
ELSE
IF(GRA(IG).GT.0)THEN
IF(GRA(IG+1).LE.0)THEN
C THERE IS A HIGH POINT
NHIGH=NHIGH+1
Y1=S1(1G+1)-S2(IG)
Y2=GRA(IG+1)-GRA(IG)

ol

C WRITE(7,%)'Y1 Y2="Y1,Y2

C WRITE(7,%)'S1 S2=",S1(1G+1)/3.28,52(1G)/3.28
XX=-GRA(IG)*(S1(IG+1)-S2(IG)) /(GRA(IG+1)-GRA(IG))

C WRITE(7,*)'XX XX/3.28="XX,XX/3.28
HIGH(NHIGH)=S2(1G)+XX

C WRITE(7,%)'IG XX high="1GXX/3.28, HIGH(NHIGH)/3.28
ENDIF

ENDIF

ENDIF
300 CONTINUE
C WRITE(7,*)'NHIGH=",NHIGH
CretxekxDETERMINE SPEED at 0.1 s intervals
C MHIGH=ID of high point encountered
MHIGH=0
C ID of CURRENT GRADE MG
MG=1
IT=0

C*****ADVANCE veh at 1/10 of a secon intervals
TIT=IT*0.1
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DO 70 KG=1,NGRADE
[F(KGEQ.1)WRITE(7,55)GRA(KG)
55 FORMAT (5X,FIRST GRADE ', F7.2,%")
IF(KGEQ.1.AND.IT.EQ.0)THEN
CrtxtSTART OF SIMULATION, ACC=acceleration, S=distance from origin
ACC=0
S=S1(KQG)
C WRITE(7,*)'TIT S=',TIT,S
WRITE(7,771)ORIGIN+(IADD*S/3.28)/1000.,V2*3.6/3.28,ACC/3.28,
1 GRA(KG)
771 FORMAT(F9.3,F8.1, F8.2,F8.2,
1" LOCATION (km) Speed (km/h) Acceleration (m/s/s) grade (%))
Crex*NEW TIME TO output data (once every second)
NEXT=IT+10
ENDIF
GRADE=GRA(KG)
C WRITE(7,*)' GRADE=",GRADE
72 CONTINUE
CALL TRUCK(V2,ACC)
C WRITE(7,*)'OLDG GRADE=",0LDG,GRADE
IF(ITEQ.1)THEN
OLDG=GRADE
ELSE
IF(GRADE.LT.0)THEN
IF(OLDG.LE.O)THEN
IF(GRADE.GT.OLDG)THEN
C reduce calculated acc
IF(ACC.GT.0)ACC=0.10*ACC

ELSE
C REDUCE ACCELERATION
IF(V2.LT.80)THEN
C IF(ACC.GT.0)ACC=0.55*ACC
ELSE
C IF(ACC.GT.0)ACC=0.10*ACC
ENDIF
IF(ACC.GT.0)THEN
AAA=ACC
C ACC=AAA*(1.013-25.132/(1.+EXP(-(V2-152.45)/21.681)))
C IF(V2.GT.76)ACC=0.07*AAA
C IF(V2.GT.76)ACC=0.07
ACC=AAA*(0.98-2.3363/(1.+EXP(-(V2-81.142)/10.964)))
C ACC=AAA*(-0.02268+0.14274*EXP(-(V2-75)/14.9836))
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IF(ACC.LT.0.12*AAA)THEN

IF(GRADE.GT-4.0)ACC=0.12*AAA

IF(GRADE.LE.-4.0)THEN
IF(V2.LT.75)ACC=0.12*AAA
IF(V2.GE.75)ACC=0.05*AAA

ENDIF
ENDIF

C ENDIF

C GG=ABS(GRADE)

C IF(GGGT.2.5)ACC=ACC*(1-0.15*(GG-2.5))
ENDIF

ENDIF
ELSE
IF(ACC.GT.0)ACC=0.2*ACC
ENDIF
ELSE
[F(OLDG.LE.O)THEN
C MAINTAIN CALCULATYED ACC
ELSE
[F(OLDG.GT.GRADE)THEN
C MAY ACC, but reduce calculated ACC
IF(ACC.GT.0)ACC=0.2*ACC
ELSEIF(OLDGEQ.GRADE)THEN
C WRITE(7,*)" ACC='"ACC
IF(ACC.LE.0)ACC=1.0*ACC

ELSE
C IF(ACC.GE.0)ACC=-0.05
IF(ACC.LT.0)ACC=0.7*ACC
ENDIF
ENDIF
ENDIF
OLDG=GRADE
ENDIF
C WRITE(7,*)'OLDC ACC=",0LDC,ACC,ACC/OLDC
C****STORE GRADE OF THE CURRENT TANGENT
OLDG=GRADE

IT=IT+1

C WRITE(7,*)'IT V2 ACC="IT,V2,ACC
IF(GRA(KG).GE.0.)THEN

C LEVEL OR UPGRADE, speed cannot exceed VMAX

IF(V2+ACC*0.1.GT.VMAX)THEN
ACC=(VMAX-V2)*10
C WRITE(7,%)'V2 VMAX ACC=",V2,VMAX,ACC
ENDIF
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ELSE
C DOWNGRADE, speed cannot exceed VMAX2
C WRITE(7,*)'negative VMAX2="VMAX?2
[F(V2+ACC*0.1.GT.VMAX2)THEN
ACC=(VMAX2-V2)*10
C WRITE(7,*)'V2 VMAX2 ACC="V2,VMAX2,ACC
ENDIF
ENDIF
C*****ASSUME MAC DECELERATION IS 7 ft/s/s
IF(ACC.LT.-7)ACC=-7
C*****UPDATE SPEED AND LOCATION
V2=V2+ACC*0.1
S=S+V2*0.1+0.5*ACC*0.01
IF(ITEQ.NEXT)THEN
WRITE(7,71)ORIGIN+(IADD*S/3.28)/1000.,V2*3.6/3.28,ACC/3.28,GRADE
NEXT=NEXT+10
ENDIF
C*****STORE LOCATION, ACCELERATION, AND SPEED AT time=IT
XLO(IT)=S
SPEE(IT)=V2
ACCC(IT)=ACC
IF(IT.GT.1)THEN
[F(ACCC(IT-1).LT.0.AND.ACCC(IT).GT.0)THEN
C REACH low SPEED
SZ=0RIGIN+(IADD*XLO(IT)/3.28)/1000
WRITE(7,309)SZ,SPEE(IT)/3.28*3.6
309 FORMAT(" **location of low speed (km)="F9.3,
1 'Speed (km/h)="F7.1)
ENDIF
DO 600 N=1,NHIGH
[F(XLO(IT-1).LE.HIGH(N).AND.XLO(IT).GT.HIGH(N))THEN
C Reaches one of the high points in this 1/10 of a second
WRITE(7,506)HIGH(N)/3.28,SPEE(IT-1)/3.28*3.6
ENDIF
600 CONTINUE
ENDIF
DO 608 N=1,NGRADE
IF(ITEEQ.1)GO TO 608
[F(XLO(IT-1).LE.S1(KG).AND.XLO(IT).GT.S1(KG))THEN
WRITE(7,609)KGSPEE(IT-1)*3.6/3.28
609 FORMAT('Start of Grade ',I5,' Speed (km/h)="F7.1)
GO TO 806
ENDIF
[F(XLO(IT-1).LE.S2(KG).AND.XLO(IT).GT.S2(KG))THEN
WRITE(7,611)KGSPEE(IT-1)*3.6/3.28
611 FORMAT('End of Grade',I3,  Speed (km/h)="F7.1)
GO TO 806
ENDIF
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608
806

C

OO 00

oNe!

CONTINUE
CONTINUE
IF(S.GE.S2(KG))THEN
CHECK TO SEE IF THERE IS A VERTICAL CURVE
IF(KGLT.NGRADE)THEN
IF(S1(KG+1).GT.S2(KG))THEN
WRITE(7,56)ORIGIN+(IADD*S2(KG)/3.28)/1000.

FORMAT(5X, THERE IS A CURVE at ',F9.3,’km")
WRITE(7,*)'THERE IS A CURVE s=",s
THERE IS A CURVE
START AT s=S2(KG), end at S1(KG+1)
RATE OF GRADE CHANGE=
DELTA=(GRA(KG+1)-GRA(KG))/(S1(KG+1)-S2(KG))
IF(KG.GE.6)write(7,*)'delta=",DELTA
CONTINUE
GRADE AT new LOCATION S
GRADE=GRA(KG)+(S-S2(KG))*DELTA
WRITE(7,*)'S GRADE=",S,GRADE
CALL TRUCK(VZ2,ACC)

WRITE(7,*)'OLDG GRADE=',0LDG,GRADE
IF(ITEQ.1)THEN
OLDG=GRADE

IF(GRADE.LT.0)THEN
IF(OLDGLE.O)THEN

[F(GRADE.GT.OLDG)THEN
reduce calculated acc
IF(ACC.GT.0)ACC=0.10*ACC
ELSE
REDUCE ACCELERATION
[F(V2.LT.80)THEN
IF(ACC.GT.0)ACC=0.55*ACC
ELSE
[F(ACC.GT.0)ACC=0.10*ACC
ENDIF

IF(ACC.GT.0)THEN

AAA=ACC
ACC=AAA*(1.013-25.132/(1.+EXP(-(V2-152.45)/21.681)))
IF(V2.GT.76)ACC=0.07*AAA
IF(V2.GT.76)ACC=0.07
IF(V2.LE.75)THEN
ACC=AAA*(0.98-2.3363/(1.+EXP(-(V2-81.142) /10.964)))
ELSE
ACC=AAA*(-0.02268+0.14274*EXP(-(V2-75)/14.9836))
IF(ACC.LT.0.12*AAA)THEN
IF(GRADE.GT--4.0)ACC=0.12*AAA
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IF(GRADE.LE.-4.0)THEN
IF(V2.LT.75)ACC=0.12*AAA
IF(V2.GE.75)ACC=0.05*AAA

ENDIF

ENDIF
ENDIF
GG=ABS(GRADE)
IF(GG.GT.2.5)ACC=ACC*(1-0.15*(GG-2.5))

ENDIF

ENDIF
ELSE
IF(ACC.GT.0)ACC=0.2*ACC
ENDIF
ELSE
[F(OLDGLE.O)THEN
MAINTAIN CALCULATYED ACC
ELSE
[F(OLDG.GT.GRADE)THEN
MAY ACC, but reduce calculated ACC
IF(ACC.GT.0)ACC=0.2*ACC
ELSEIF(OLDGEQ.GRADE)THEN
IF(ACC.LE.0)ACC=1.0*ACC
ELSE
IF(ACC.GE.0)ACC=-0.05
[F(ACC.LT.0)ACC=0.7*ACC
ENDIF
ENDIF
ENDIF
OLDG=GRADE
ENDIF
WRITE(7,*)'OLDC ACC=',0LDC,ACC,ACC/OLDC
IT=IT+1
IF(GRADE.GE.0.)THEN
LEVEL OR UPGRADE, speed cannot exceed VMAX
[F(V2+ACC*0.1.GTVMAX)THEN
ACC=(VMAX-V2)*10
WRITE(7,*)'V2 VMAX ACC=",V2,VMAX,ACC
ENDIF
ELSE
WRITE(7,*)'NEGATIVE in curve VMAX2="VMAX?2
[F(V2+ACC*0.1.GT.VMAX2)THEN
ACC=(VMAX2-V2)*10
WRITE(7,*)'V2 VMAX2 ACC="V2,VMAX2,ACC
ENDIF
ENDIF
IF(ACC.LT.-7)ACC=-7
V2=V2+ACC*0.1

C-9



S=S+V2*0.1+0.5*ACC*0.01
IF(ITEQ.NEXT)THEN
WRITE(7,71)ORIGIN+
1 (IADD*S/3.28)/1000.V2*3.6/3.28,ACC/3.28,GRADE
NEXT=NEXT+10
ENDIF
71 FORMAT(F9.3,F8.1,2F8.2)
XLO(IT)=S
SPEE(IT)=V2
ACCC(IT)=ACC
IF(ITGT.1)THEN
IF(ACCC(IT-1).LT.0.AND.ACCC(IT).GT.0) THEN
C REACH MAX SPEED
WRITE(7,309)ORIGIN+(IADD*XLO(IT)/3.28) /1000.,
1 SPEE(IT)*3.6/3.28
ENDIF
DO 505 N=1,NHIGH
IF(XLO(IT-1).LE.HIGH(N).AND.XLO(IT).GT. HIGH(N)) THEN
WRITE(7,506)ORIGIN+(IADD*HIGH (N)/3.28) /1000,

1 SPEE(IT-1)*3.6/3.28
506 FORMAT ('HIGH Point location (km) and speed (km/h)=",
1 F9.3,F7.1)
ENDIF
505 CONTINUE
ENDIF
DO 508 N=1,NGRADE
[F(ITEQ.1)GO TO 508
[F(S.GE.S1(KG+1))THEN
WRITE(7,509)KG+1,SPEE(IT-1)*3.6/3.28
509 FORMAT('Start of Grade',I3,’ Speed (km/h)="F7.1)
GO TO 805
ENDIF
508 CONTINUE
805 CONTINUE
[F(S.GE.S1(KG+1))THEN
C WRITE(7,*)'ORIGIN S1=",0RIGIN,S1(KG+1)
WRITE(7,57)ORIGIN+(IADD*S1(KG+1)/3.28)/1000.
57 FORMAT(5X,ENTER next grade at ',F9.3,'’km')
WRITE(7,73)GRA(KG+1)
73 FORMAT(5X, Grade=",F7.2,'%")
C REACH THE NEXT GRADE
C WRITE(7,*)'reach next grade'
GOTO 70
ELSE
C STILL ON CURVE
GO TO 88
ENDIF
ELSE
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C EXAMINE NEXT GRADE

GOTO70
ENDIF
ELSE
C NO MORE CHECK
ENDIF
ELSE
C CONTINUE CHECKING THE SAME GRADE
GO TO 72
ENDIF
70 CONTINUE
2 CONTINUE
909 CONTINUE
STOP
END

C********************************************

C¥**DETERMINE TRUCK ACCELERATION
SUBROUTINE TRUCK(V2,ACC)
C***********************************************
COMMON/B1/GRADE,XMASS,POWER,POWERE,PAXLE,ALTI,DRAGAIR,AREA,
1 FMAX,FRICT,TIRE1, TIREZ,ROLL
C OPEN(6,FILE="truck’")
C*************************************
C*****REFERENCE
C Rakha, H., Lucic,l., Demarchi.,S.H., Setti, ]. R, and Van Aerde. M.,
"Vehicle Dynamic Model for Predicting Maximum Truck Acceleration Levels,"
F. of Transportation Engineering, Sep/Oct Vol 127, No. 5., 2001,
pp- 418-425
V2in ft/s, vvin km/h
VVv=V2/3.28*3.6
C*¥**+*GRADE in %
C*+***1 hp=745.7 W; 1 ib=4.448 N; 1 ib mass=0.4536kg
Cr**ENGINE POWER,KW 223KW to 485KW (300 to 650 hp)
Crexx*TYPICAL 261 KW (350 hp)
C P=261
Cre*+*MASS 31852 kg with 201 Ib/hp ratio (122.27 kg/KW)
Crex+*MASS 22208 kg for 140 1b/hp
CrHx*MASS 27029 kg for 170 1b/hp
C XMASS=31852
PER1=% mass acting on tractive axles (only 2nd axles has power)
per1=0.356 for 140 lIb/hp, 0.389 for 170 1b/hp, 0.375 fo 2001b/hp
PER1=0.375
XMASS=34263
PER1=0.393
C***+*DRAG COEF
C DRAG=0.78
CrxxkAIR=0.047285 for air density at sea level at 15 degrees C

C
C
C
C

OO0 0n
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C AIR=0.047285
Cr**#**ROLLING COEFFICIENT

C ROLL=1.25

C*+**+*ROLLING RESISTANCE COEF TIRE1 and TIRE2
C TIRE1=0.04375

C TIRE2=4.575

Cr*+*pOQWER EFFICIENCY E

C IF(VV.LT.8)E=0.75

C IF(VV.GE.8)E=0.95

CrexkCOEF of FRICTION

C IF(VV.LE.3)FRICT=0.60

C IF(VV.GT.3)FRICT=0.60

CretxtMAX TRACTIVE EFFORT

C PER1=% mass acting on tractive axles (only 2nd axles has power)
C PER1=0.375

FMAX=9.8066*XMASS*PAXLE*FRICT

C*¥**  TRACTIVE EFFORT in newtons

C WRITE(8,*)'VV="VV
FACTOR=(0.3097-1.0029)/(1+EXP((VV-1.0799)/3.5461))+1.0029
FT=3600.*POWERE*FACTOR*POWER/(VV+0.1)
F=MIN(FT,FMAX)

C WRITE(8,*)'FT FMAX F="FTFMAX,F

c¥***  AERODYNAMIC RESISTANCE
RA=AIR*(1.-8.5*ALTI/100000)*DRAG*AREA*(VV)**2

C***** ROLLING RESITANCE, Newtons
RR=9.8066*ROLL*(TIRE1*VV+TIRE2)*XMASS/1000

c¥*****GRADE RESISTANCE
RG=9.8066*XMASS*GRADE/100.

C WRITE(6,)'’XMASS GRADE RG=',XMASS,GRADE,RG
Crex* ACCELERATION
C WRITE(8,*)'XMASS=',XMASS

ACC=(F-RA-RR-RG)/XMASS*3.28
IF(VV.LT.14)ACC=0.6*ACC

Crex*NEW SPEED AND LOCATION

C OLDV=V2

C OLDS=S

C V2=V2+ACC

C S=S+V2+0.5*ACC

C WRITE(6,77)OLDS,0LDV,ACC,ERA,RR,RG

C77 FORMAT(3F8.2,4F10.1)
C10 CONTINUE

RETURN

END

C**********************************************
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