COMMONWEALTH of VIRGINIA

DEPARTMENT OF TRANSPORTATION
1401 EAST BROAD STREET
RICHMOND, VIRGINIA 23219-2000

PHILIP A. SHUCET MOHAMMAD MIRSHAHI, P.E.
COMMISSIONER STATE LOCATION AND DESIGN ENGINEER

October 11, 2002

Memorandum

To: All Holders of the Virginia Department of Transportation’s 2001 Road and Bridge
Standards

Attached is a copy of the new TC-5.01 Superelevation Standards, SD-4 and SD-5 Sight Distance
Standards that are to be added to your copy the standards. These new standards were developed
to conform with Chapter 3, “Elements of Design” of AASHTO’s Fourth Edition of A Policy on
Geometric Design of Highways and Streets (“Green Book™). These new standards are to be used
in place of the TC-5, Sd2 and SD-3 Standards on all projects beginning with the March 2003
Advertisement. On projects where the design has progressed to a point where it would be
impracticable to apply the new standards, such as requiring a redesign of a bridge or acquisition
of additional right of way, please contact the State Location and Design Engineer for a design
exception. Where feasible, the roadway design may be changed to incorporate the new
standards for all projects with Advertisement Dates prior to March 2003.

The new TC-5.01 Superelevation Standard has incorporated the following changes to the new
Green Book:
e Two percent (2%) normal pavement crown rate.
e The “Two Second Rule” is applied only for rural conditions with pavement
widening.
e Uses the AASHTO method to compute Crown Run-off values.
e Deleted sixteen foot (16') pavement width.
e Added sixteen (16') and eighteen (18') foot pavement widths for interchange
ramps.
These changes will affect the length of transition (LS) need from normal pavement crown to
required superelevation.

The new SD-4 and SD-5 Sight Distance Standards incorporate the following changes to the new
Green Book:

e Increased height of object for the stopping sight distances (SD-4).

e Reduced the height of object for the passing sight distances (SD-5).
These changes will affect the stopping and passing sight distances for vertical curves.

VirginiaDot.org
WE KEEP VIRGINIA MOVING



Please add the new TC-5.01 Superelevation Standards, SD-4 and SD-5 Sight Distance Standards
to your copy of the 2001 Road and Bridge Standards. If you have any questions or comments
regarding this revision to the 2001 Road and Bridge Standards, please contact Nancy Berry of
the Engineering Services Section at (804) 786-2543.

Sincerely,

Mohammad Mirshahi, P.E.
State Location and Design Engineer
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608.06

HEIGHT OF EYE =3.5 FEET HEIGHT OF OBJECT =2.00 FEET

VIRGINIA DEPARTMENT OF TRANSPORTATION

e When SyLi S = 197915 LZ When S<Li S :45.45:\/% S = Sight Distance in Feet -
§§§§ Sheet 1of 2 §§§§
E”gf& L - Length of Vertical Curve in Feet §,§§$
I8 0.5 <58 o.c
< 50 100 150 200 | 250 300 350 | 400 | 450 | 500 550 | 600 650 | 700 750 | 800 850 | 900 950 | 1000 <

2.0 565 | 590 615 640 | 665 690 715 740 | 765 | 790 815 | 840 865 | 890 915 940 965 | 990 1015 | 1040 | 2.0
2.5 457 | 482 507 | 532 | 557 582 607 | 632 | 657 | 682 707 | 732 757 | 782 807 | 832 857 | 881 906 | 929 2.5
3.0 385 | 410 435 | 460 | 485 510 535 | 560 | 585 | 610 635 | 660 685 | 710 735 | 759 782 | 805 827 | 848 3.0
3.5 333 | 358 383 | 408 | 433 458 483 | 508 | 533 | 558 583 | 608 633 | 657 680 | 702 724 | 745 765 | 785 3.5
4.0 295 | 320 345 | 370 | 395 420 445 | 470 | 495 | 520 545 | 569 592 | 6715 636 | 657 677 | 697 716 735 4.0
4.5 265 | 290 315 340 | 365 390 415 | 440 | 465 | 490 514 | 536 558 | 579 600 | 619 638 | 657 675 | 692 4.5
5.0 241 | 266 291 316 | 341 366 391 416 | 441 | 465 487 | 509 530 | 550 569 | 588 606 | 623 640 | 657 5.0
5.5 221 246 271 296 | 321 346 | 371 396 | 420 | 443 465 | 485 505 | 524 542 | 560 577 | 594 611 626 5.5
6.0 205 | 230 255 | 280 | 305 330 355 | 379 | 402 | 424 445 | 465 484 | 502 519 536 553 | 569 585 | 600 6.0
6.5 191 216 241 266 | 291 316 341 364 | 387 | 407 427 | 446 465 | 482 499 | 515 531 547 562 | 576 6.5
7.0 179 204 229 | 254 | 279 304 | 328 | 351 | 372 | 393 412 | 430 448 | 465 481 | 497 512 | 527 541 | 555 7.0
7.5 169 194 219 244 | 269 204 | 317 339 | 360 | 379 398 | 415 432 | 449 465 | 480 495 | 509 523 | 536 7.5
8.0 160 185 210 235 | 260 284 | 307 | 328 | 348 | 367 385 | 402 419 | 435 450 | 465 479 | 493 506 | 519 8.0
8.5 152 | 177 202 | 227 | 252 276 | 298 | 319 338 | 356 374 | 390 406 | 422 436 | 451 465 | 478 491 504 8.5
9.0 145 | 170 195 220 | 245 268 | 290 | 310 328 | 346 383 | 379 395 | 410 424 | 438 451 | 465 477 | 490 9.0
9.5 139 164 189 214 | 238 261 282 | 301 320 | 337 353 | 369 384 | 399 413 | 426 439 | 452 465 | 477 9.5
10.0 133 | 158 183 208 | 232 | 254 | 275 | 294 | 312 | 328 345 | 360 375 | 389 402 | 415 428 | 441 453 | 465 10.0
10.5 128 | 153 178 203 | 227 | 248 | 268 | 287 | 304 | 321 336 | 351 365 | 379 393 | 405 418 | 430 442 | 453 10.5
1.0 123 | 148 173 198 221 243 | 262 280 | 297 | 313 328 | 343 357 | 371 384 | 396 408 | 420 432 | 443 1.0
.5 19 144 169 194 217 237 | 256 | 274 | 291 | 306 321 336 349 | 362 375 | 387 399 | 4n 422 | 433 )
12.0 115 140 165 190 212 232 | 251 268 | 284 | 300 314 | 328 342 | 355 367 | 379 391 402 413 | 424 12.0
12.5 1 136 161 186 208 | 228 | 246 | 263 | 279 | 294 308 | 322 335 | 348 360 | 372 383 | 394 405 | 415 12.5
13.0 108 | 133 158 182 204 | 223 | 241 258 | 273 | 288 302 | 316 328 | 342 353 | 364 376 | 387 397 | 407 13.0
13.5 105 | 130 155 179 200 | 219 237 | 253 | 268 | 283 297 | 310 322 | 335 346 | 358 369 | 379 390 | 400 135
14.0 102 | 127 152 176 196 215 232 | 248 | 263 | 278 201 304 317 328 340 | 351 362 | 372 383 | 393 14.0
14.5 99 124 149 173 193 21 228 | 244 | 259 | 273 286 | 299 31 323 334 | 345 356 | 366 376 | 386 14.5
15.0 97 122 147 170 190 208 | 224 | 240 | 254 | 268 281 294 306 | 317 328 | 339 350 | 360 370 | 379 15.0
16.0 92 17 142 164 | 184 201 217 232 | 246 | 260 272 | 284 206 | 307 318 328 339 | 348 358 | 367 16.0
17.0 88 13 138 159 178 195 211 225 | 239 | 252 264 | 276 287 | 298 309 | 319 328 | 338 347 | 356 17.0
18.0 85 110 134 155 173 190 205 | 219 232 | 245 257 | 268 279 | 290 300 | 310 319 | 328 337 | 346 18.0
19.0 82 107 131 151 169 185 199 213 226 | 238 250 | 261 272 | 282 292 | 301 31 320 328 | 337 19.0
20.0 79 104 127 147 | 164 180 194 208 | 220 | 232 244 | 254 265 | 275 284 | 294 303 | 312 320 | 328 19.0
SIGHT DISTANCE ON VERTICAL CURVES
NEW 10/02




" SD-4

3 éé § When SXLi S = % + % When S<L; S :46.454\/% - Sight Distance in Feet Sheet 2 of 2 NTE
8358 ©5%80
:C(N'EEE L = Length of Vertical Curve in Feet §£S$
M IO o0.E
<« 1050 | 1100 [1150 [1200 | 1250 | 1300 | 1350 | 1400 | 1450 | 1500 [1550 | 1600 | 1650 | 1700 | 1750 | 1800 | 1850 | 1900 | 1950 |2000 | %

2.0 1065 | 1089 |[1114 1138 161 1184 | 1207 | 1229 | 1251 1272 1293 | 1314 1334 | 1354 | 1374 | 1394 | 1413 | 1432 | 1451 | 1469 | 2.0

2.5 952 | 974 |996 1018 1039 | 1059 | 1079 | 1099 | 1119 138 | 157 175 193 | 1211 1229 | 1246 | 1264 | 1281 1297 | 1314 2.5

3.0 869 | 890 |[910 929 948 967 | 985 1004 | 1021 1039 | 1056 | 1073 | 1089 | 1106 122 | 138 154 | 1169 184 | 1199 3.0

3.5 805 | 824 |842 860 878 895 | 912 929 | 946 962 | 978 993 1009 | 1024 | 1039 | 1053 | 1068 | 1082 | 1096 | 1110 3.5

4.0 753 | 770 | 788 805 821 B37 | 853 869 | 884 900 | 914 929 943 | 958 972 | 985 999 1012 1026 | 1039 | 4.0

4.5 710 726 | 743 759 774 790 | 805 819 834 848 |862 876 890 | 903 916 929 942 | 955 997 | 979 4.5

5.0 673 | 689 |705 720 735 749 | 763 777 | 791 805 | 818 831 844 | 857 869 | 881 894 | 906 917 929 5.0

55 642 | 857 |672 686 700 714 728 741 754 767 | 780 792 805 | 817 829 | 840 852 | 863 875 | 886 5.5

6.0 615 629 |643 657 671 684 | 697 710 722 735 | 747 759 770 | 782 793 | 805 816 827 837 | 848 6.0

6.5 590 | 604 |618 631 644 657 | 669 682 | 694 706 | 717 729 740 | 751 762 | 773 784 | 794 805 | 815 6.5

7.0 569 | 582 [595 608 621 633 | 645 657 | 669 680 | 691 702 713 724 735 | 745 755 | 765 775 | 785 7.0

7.5 550 | 563 [575 588 600 612 623 635 | 646 657 | 668 679 689 | 699 710 720 730 | 739 749 | 759 7.5

8.0 532 | 545 |557 569 581 592 | 603 615 625 636 | 647 657 667 | 677 687 | 697 706 | 716 725 | 735 8.0

8.5 516 528 | 540 552 563 574 | 585 596 | 607 617 |627 637 647 | 657 667 | 676 685 | 695 704 | 713 8.5

9.0 502 | 514 525 536 547 558 | 569 579 | 590 600 | 610 619 629 | 638 648 | 657 666 675 684 | 692 9.0

9.5 488 | 500 |51 522 533 543 | 554 564 | 574 584 |593 603 612 621 630 | 639 648 | 657 666 | 674 9.5
10.0 476 | 487 | 498 509 519 530 | 540 550 | 559 569 |578 588 597 | 606 615 623 632 | 640 649 | 657 10.0
10.5 465 | 475 | 486 497 507 517 527 536 | 546 555 | 564 573 582 | 591 600 | 608 617 625 633 | 641 10.5
1.0 454 | 465 | 475 485 495 505 | 515 524 | 533 542 | 551 560 569 | 577 586 | 594 602 | 611 619 626 1.0

1.5 444 | 454 | 465 475 484 494 | 503 513 522 531 | 539 548 556 | 565 573 | 581 589 | 597 605 | 613 1.5
12.0 435 | 445 | 455 465 474 484 | 493 502 | 51 519 |528 536 545 | 553 561 569 577 | 5B5 592 | 600 12.0
12.5 426 | 436 | 446 455 465 474 | 483 492 | 500 509 | 517 526 534 | 542 550 | 557 565 | 573 580 | 588 12.5
13.0 417 427 | 437 446 456 465 | 473 482 | 491 499 | 507 515 523 | 531 539 | 547 554 | 562 569 | 576 13.0
13.5 410 419 429 438 447 456 | 465 473 | 481 490 | 498 506 514 521 529 | 536 544 | 551 558 | 565 13.5
14.0 402 | 412 421 430 439 448 | 456 465 | 473 481 | 489 497 504 | 512 519 527 534 | 541 548 | 555 14.0

14.5 395 | 405 | 414 423 431 440 | 448 456 | 465 472 | 480 488 496 | 503 510 518 525 | 532 539 | 546 14.5

15.0 389 | 398 | 407 415 424 432 | 441 449 | 457 465 | 472 480 487 | 495 502 | 509 516 523 530 | 536 15.0

16.0 376 | 385 |394 402 411 419 427 435 | 442 450 | 457 465 472 | 479 486 | 493 500 | 506 513 519 16.0

17.0 365 | 374 |382 390 398 406 | 414 422 | 429 436 | 444 451 458 | 465 471 478 485 | 491 498 | 504 17.0

18.0 355 | 363 |371 379 387 395 | 402 410 417 424 | 431 438 445 | 451 458 | 465 471 477 484 | 490 18.0

19.0 345 | 353 | 361 369 377 384 | 392 399 | 406 413 | 420 426 433 | 439 446 | 452 458 | 465 471 477 19.0

20.0 337 | 345 | 352 360 367 375 | 382 389 | 396 402 | 409 415 422 | 428 435 | 441 447 | 453 459 | 465 20.0

SIGHT DISTANCE ON VERTICAL CURVES
HEIGHT OF EYE = 3.5 FEET HEIGHT OF OBJECT = 2.00 FEET NEW 10/02

VIRGINIA' DEPARTMENT OF TRANSPORTATION
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SD-5

608.08

HEIGHT OF EYE =3.5 FEET

VIRGINIA DEPARTMENT OF TRANSPORTATION

HEIGHT OF OBJECT =3.5 FEET

0 When S>Lis =—1400 L When S<Li S = 52.915 \/% S = Sight Distance in Feet v
.gg%; Sheet 1 of 2 ,%gg;
E—,_“Eéﬁ L - Length of Vertical Curve in Feet §E§$
<8 0. <8 o.c
< 50 100 150 | 200 | 250 | 300 | 350 | 400 | 450 |500 | 550 |00 | 650 | 700 | 750 | 800 | 850 | 900 | 950 | w000 | <

2.0 725 | 750 | 775 | 800 | 825 | 850 | 875 | 900 | 925 [950 |975 |1000 | 1025 | 1050 | 1075 | 100 | 125 | 1s0 | 1175 |1200 | 2.0
2.5 585 | 610 635 | 660 | 685 | 710 735 | 760 | 785 | 810 835 [860 | 885 |910 935 | 960 | 985 | 1010 | 1035 | 1060 | 2.5
3.0 492 | 517 542 | 567 | 592 | 617 642 | 667 | 692 | 717 742 | 767 | 792 | 817 842 | 867 | 892 |917 942 | 966 3.0
3.5 425 | 450 | 475 | 500 | 525 | 550 | 575 | 600 | 625 |650 | 675 | 700 | 725 | 750 | 775 |800 | 825 |849 | 872 |894 | 3.5
4.0 375 | 400 | 425 | 450 | 475 | 500 | 525 | 550 | 575 |600 | 625 |650 | 675 |700 | 725 |748 | 771 | 794 | 815 |837 | 4.0
4.5 336 | 361 386 | 41 | 436 | 461 486 | 51 536 | 561 586 | 61 636 | 660 | 683 | 706 | 727 | 748 | 769 | 789 | 4.5
5.0 305 | 330 | 355 | 380 | 405 | 430 | 455 | 480 | 505 [530 | 555 |580 | 603 |626 | 648 | 669 690 | 710 729 | 748 | 5.0
5.5 280 | 305 | 330 | 355 | 380 405 | 430 | 455 | 480 |[505 | 529 [553 | 575 |597 | 618 |638 | 658 |677 | 695 |714 5.5
6.0 258 | 283 | 308 | 333 | 358 383 | 408 | 433 | 458 | 483 | 507 [529 | 551 |572 | 592 |6 630 | 648 | 666 |683 | 6.0
6.5 240 | 265 | 290 | 315 | 340 365 | 390 | 415 | 440 | 464 | 487 |508 | 529 |549 | 568 |587 | 605 |623 | 640 | 656 | 6.5
7.0 225 | 250 | 275 | 300 | 325 350 | 375 | 400 | 424 | 447 | 469 |490 | 510 |529 | 548 |566 | 583 |600 |66 [632 | 7.0
7.5 212 | 237 | 262 | 287 | 312 337 | 362 | 386 | 410 | 432 | 453 | 473 | 493 | 511 529 | 547 | 563 |580 | 596 |6 7.5
8.0 200 | 225 | 250 | 275 | 300 | 325 | 350 | 374 | 397 | 418 439 | 458 | 477 |495 | 512 |529 | 545 | 561 577 | 592 | 80
8.5 190 | 215 240 | 265 | 200 | 315 | 340 | 363 | 385 |406 | 426 | 445 | 463 | 480 | 497 | 513 529 | 544 | 559 |574 | 85
9.0 181 206 | 231 | 256 | 281 306 | 330 | 353 | 374 | 394 | 414 | 432 | 450 | 467 | 483 |499 | 514 |529 | 544 |558 | 9.0
9.5 172 | 197 222 | 247 | 272 | 297 | 321 | 343 | 364 | 384 | 403 | 421 438 | 454 | 470 |486 | 501 | 515 529 [543 | 9.5
10.0 165 | 190 215 | 240 | 265 | 290 | 313 | 335 | 355 | 374 | 392 | 410 427 | 443 | 458 | 473 | 488 |502 | 516 |529 | 10.0
10.5 158 | 183 208 | 233 | 258 | 283 | 306 | 327 | 346 |365 | 383 | 400 | 416 | 432 | 447 | 462 | 476 | 490 | 503 |56 10.5
1.0 152 | 177 202 | 227 | 252 | 276 | 298 | 319 | 338 |357 | 374 |39 407 | 422 | 437 | 451 465 | 479 | 492 |s505 | 1.0
.5 147 | 172 197 | 222 | 247 | 270 | 292 | 312 | 331 | 349 | 366 |382 | 398 | 413 427 | 441 455 | 468 | 481 | 493 | 1.5
12.0 142 | 167 192 | 217 | 242 | 265 | 286 | 306 | 324 | 342 | 358 | 374 | 389 |404 | 418 |432 | 445 |458 | 471 | 483 | 12.0
12.5 137 | 162 87 | 212 | 237 | 259 | 280 | 299 | 317 | 335 | 351 |367 | 382 | 396 410 | 423 | 436 | 449 | 461 |473 | 125
13.0 133 | 158 183 | 208 | 232 | 254 | 275 | 294 | 3n | 328 | 344 |359 | 374 | 388 402 | 415 428 | 440 | 452 | 464 | 13.0
13.5 129 | 154 179 | 204 | 228 | 245 | 269 | 288 | 306 | 322 | 338 |353 | 387 | 381 394 | 407 | 420 | 432 | 444 |455 | 135
14.0 125 | 150 175 | 200 | 224 | 245 | 265 | 283 | 300 | 316 332 | 346 | 361 | 374 | 387 | 400 | 412 |424 | 436 |447 | 140
14.5 122 | 147 172 | 197 | 220 | 241 | 280 | 278 | 295 | 3n 326 | 340 | 354 | 368 381 | 393 | 405 | 417 428 | 439 | 145
15.0 18 143 68 | 193 216 | 237 | 256 | 273 | 290 | 306 | 320 |335 | 348 | 361 374 | 386 | 398 | 410 421 | 432 | 15.0
16.0 "3 138 163 187 | 200 | 229 | 247 | 265 | 281 | 296 | 310 | 324 | 337 | 350 362 | 374 | 386 | 397 408 | 418 16.0
17.0 107 | 132 157 181 | 203 | 222 | 240 | 257 | 272 | 287 | 301 | 314 327 | 340 | 351 | 363 | 374 |385 396 | 406 | 17.0
18.0 103 | 128 153 176 | 197 | 216 | 233 | 249 | 265 |279 | 292 | 306 | 318 | 330 342 | 353 | 364 |374 | 384 | 394 | 180
19.0 99 124 149 172 | 192 | 210 | 227 | 243 | 258 | 271 285 | 297 | 309 | 321 332 | 343 | 354 | 364 374 | 384 | 19.0
20.0 95 120 145 7 | 187 | 205 | 221 | 237 | 251 | 265 | 277 | 290 | 302 | 313 324 | 335 | 345 | 355 365 | 374 | 20.0
SIGHT DISTANCE ON VERTICAL CURVES
NEW 10/02




» SD-5

§ %g% When SSL: S = 14;)0 + % When S<L; S = 52.915 \/% S = Sight Distance in Feet Sheet 2 of 2 of 9%
2358 o558
o= oopn5 0
0ot L = Length of Vertical Curve in Feet gES&
1 IooE
< 1050 | 1100 | 1150 1200 1250 1300 | 1350 1400 | 1450 1500 | 1550 1600 1650 | 1700 1750 | 1800 1850 | 1900 | 1950 | 2000 l

2.0 1225 | 1250 |1275 {1300 1325 1350 | 1375 | 1400 | 1425 1449 | 1473 1497 1520 | 1543 1565 | 1587 1609 | 1631 1652 | 1673 2.0

2.5 1085 | 1100 | 1135 1159 183 1207 | 1230 1252 | 1274 | 1296 |1318 1339 1359 | 1380 1400 | 1420 1439 | 1459 | 1478 | 1497 2.5

3.0 990 | 1013 |1036 |1058 1080 1102 | 122 143 | 1163 1183 | 1203 1222 1241 | 1260 1278 | 1296 1314 | 1332 | 1349 | 1366 3.0

3.5 917 938 | 959 980 1000 1020 | 1039 1058 | 1077 1095 | 1114 131 149 | 1166 183 | 1200 1217 | 1233 | 1249 | 1265 3.5

4.0 857 | 877 |897 917 935 954 | 972 990 | 1007 1025 | 1042 1058 1075 | 1091 107 | 122 138 | 1153 168 | 183 4.0

4.5 808 | 827 |846 864 882 899 917 933 | 950 966 | 982 998 1013 | 1028 1043 | 1058 1073 | 1087 | 1102 | M6 4.5

5.0 767 | 785 |802 820 837 853 | 869 885 | 901 917 932 947 961 976 990 | 1004 1018 | 1032 | 1045 | 1058 5.0

5.5 731 748 | 765 782 798 814 829 844 | 859 874 |888 903 917 930 944 | 957 970 983 996 1009 5.5

6.0 700 | 716 733 748 764 779 | 794 808 | 823 837 |850 864 877 | 891 904 | 917 929 942 954 | 966 6.0

6.5 673 | 688 | 704 719 734 748 | 763 777 | 790 804 | 817 830 B43 | 856 868 | 881 893 905 917 928 6.5

7.0 648 | 663 |678 693 707 721 735 748 | 762 775 | 787 800 812 825 837 | 849 860 872 883 | 894 7.0

7.5 626 | 641 655 669 683 697 710 723 | 736 748 | 761 773 785 | 797 808 | 820 831 842 853 | 864 7.5

8.0 606 | 620 |634 648 661 675 | 687 700 | 712 725 | 737 748 760 | 771 783 | 794 805 815 826 | 837 8.0

8.5 588 | 602 |615 629 642 654 | 667 679 | 691 703 | 715 726 737 | 748 759 | 770 781 791 801 812 8.5

9.0 572 | 585 |598 61 624 636 648 660 | 672 683 | 694 706 716 727 738 | 748 759 769 779 | 789 9.0

9.5 556 | 569 |582 595 607 619 631 642 | 654 665 |676 687 697 | 708 718 728 738 748 758 | 768 9.5

10.0 542 | 555 |567 580 592 603 | 615 626 | 637 648 |659 669 680 | 690 700 | 710 720 729 739 | 748 10.0

10.5 529 | 542 |554 566 577 589 | 600 611 622 632 |643 653 663 | 673 683 | 693 702 712 721 730 10.5

11.0 517 529 | 541 553 564 575 | 586 597 | 608 618 628 638 648 | 658 667 | 677 686 695 705 | 714 11.0

1.5 506 | 518 529 541 552 563 | 573 584 | 594 604 |614 624 634 | 643 653 | 662 671 680 689 | 698 1.5

12.0 495 | 507 |518 529 540 551 561 572 | 582 592 | 601 BN 620 | 630 639 | 648 657 666 675 | 683 12.0

12.5 485 | 496 | 508 518 529 540 | 550 560 | 570 580 |589 599 608 | 617 626 | 635 644 652 661 669 12.5

13.0 476 | 487 | 498 508 519 529 | 539 549 | 559 568 |578 587 596 | 605 614 623 631 640 648 | 656 13.0

13.5 467 | 478 |488 499 509 519 529 539 | 548 558 | 567 576 585 | 594 602 | 611 619 628 636 | 644 13.5

14.0 458 | 469 | 480 490 500 510 520 529 | 539 548 |557 566 574 | 583 592 | 600 608 616 624 | 632 14.0

14.5 450 | 461 471 481 491 501 511 520 | 529 538 | 547 556 564 | 573 581 590 598 606 614 621 14.5

15.0 443 | 453 | 483 473 483 493 | 502 511 520 529 |538 547 555 | 563 572 | 580 588 596 603 | 61 15.0

16.0 429 | 439 | 449 458 468 477 | 486 495 | 504 512 521 529 537 | 545 553 | 561 569 577 584 | 592 16.0

17.0 416 426 | 435 445 454 463 | 472 480 | 489 497 | 505 513 521 529 537 | 544 552 559 567 | 574 17.0

18.0 404 | 414 423 432 441 450 | 458 467 | 475 483 | 491 499 507 | 514 522 | 529 536 544 551 558 18.0

19.0 393 | 403 | 412 421 429 438 | 446 454 | 462 470 | 478 486 493 | 501 508 | 515 522 529 536 | 543 19.0

20.0 383 | 392 | 401 410 418 427 | 435 443 | 451 458 | 466 473 481 488 495 | 502 509 516 522 | 529 20.0

SIGHT DISTANCE ON VERTICAL CURVES
HEIGHT OF EYE = 3.5 FEET HEIGHT OF OBJECT = 3.5 FEET NEW 10/02

VIRGINIA DEPARTMENT OF TRANSPORTATION

608.09




TC-5.01

STANDARD SYMBOLS

LOCATION B, ALIGNMENT ON WHICH THE PROPOSED RIGHT-OF-WAY AND CONSTRUCTION IS BASED.

STANDARD PAVEMENT....... THE TYPICAL PAVEMENT SECTION TO BE SHOWN ON THE ROAD PLANS.

P.Ce ot POINT OF BEGINNING OF BASELINE CIRCULAR CURVE.

Pl e POINT OF ENDING OF BASELINE CIRCULAR CURVE.

P.C.Coovomeee POINT OF BASELINE COMPOUND CURVATURE.

PR.Coveieieieieee e POINT OF BASELINE REVERSE CURVE.

ToS. e POINT OF CHANGE FROM TANGENT TO TRANSITION CURVE. (TANGENT TO SPIRAL)

S.Ce ettt POINT OF CHANGE FROM TRANSITION CURVE TO CIRCULAR CURVE. (SPIRAL TO CIRCULAR)

CSo POINT OF CHANGE FROM CIRCULAR CURVE TO TRANSITION CURVE. (CIRCULAR TO SPIRAL)

ST e, POINT OF CHANGE FROM TRANSITION CURVE TO TANGENT. (SPIRAL TO TANGENT)

RADIUS oo RADIUS OF BASELINE CIRCULAR CURVE.

DV oo APPROXIMATE MAXIMUM SAFE SPEED IN MILES PER HOUR USING STANDARD RATE OF SUPER-
ELEVATION.

NC oo APPROXIMATE MAXIMUM SAFE SPEED IN MILES PER HOUR WITH NO SUPERELEVATION.

LS oo LENGTH OF TRANSITION CURVE MEASURED ALONG BASELINE. WHERE NO TRANSITION CURVE
IS APPLIED LS IS LENGTH OF SUPERELEVATION TRANSITION.

W OR PW oo, WIDTH OF STANDARD PAVEMENT.

ZT DISTANCE FROM TRANSITIONED BASELINE TO EDGES OF TRANSITIONED PAVEMENT

W e, MAXIMUM TOTAL PAVEMENT WIDENING.

E e RATE OF SUPERELEVATION,

F e SAFE SIDE FRICTION FACTOR.

S AMOUNT OF SUPERELEVATION TO BE APPLIED TO THE BASELINE GRADE TO OBTAIN THE
ELEVATIONS OF THE EDGES OF TRANSITIONED PAVEMENT.

C ot DIFFERENCE IN ELEVATION BETWEEN BASELINE (CENTER) AND EDGE OF PAVEMENT FOR
STANDARD PAVEMENT CROWN.

CR oo STANDARD PAVEMENT CROWN TRANSITION OR CROWN RUNOFF LENGTH.

CP o CHORD POINT (1/10 INCREMENTS OF TRANSITION CURVE).

NPC..oooo oo NORMAL PAVEMENT CROWN.

ALL DISTANCES (HORIZONTAL AND VERTICAL) ARE MEASURED IN FEET.

SPECIFICATION
REFERENCE

TRANSITION CURVES FOR RURAL AND URBAN
HIGHWAYS AND STREET CONDITIONS

VIRGINIA DEPARTMENT OF TRANSPORTATION

802.01




oo ] URBAN CONDITION

URBAN CONDITIONS APPLY TO URBAN STREET SYSTEMS AND ANY OTHER ROAD WITH PRESENT OR FUTURE URBAN
STREET OPERATING CONDITIONS.

THESE TABLES CONTAIN THE MINIMUM SUPERELEVATION RATES AND TRANSITION LENGTHS FOR STANDARD URBAN

PAVEMENT WIDTHS THROUGH A RANGE OF DESIGN VELOCITIES CONSIDERED MOST LIKELY TO BE USED
IN URBAN ROAD DESIGN.

DEFINITIONS FOR THE STANDARD SYMBOLS USED THROUGHOUT THESE TABLES ARE FOUND ON SHEET 802.01.

A TABLE FOR "LOW SPEED URBAN" DESIGNS IS ON SHEET 802.24 WITH A RANGE OF STANDARD PAVEMENT WIDTHS
(W), TRANSITION LENGTHS (LS), AND RADIOF CURVE WHEN SUPERELEVATED BY AN AMOUNT EQUAL TO THE NORMAL
CROWN AND THE APPROXIMATE MAXIMUM SAFE SPEEDS (DV) AFFORDED THEREBY. VALUES IN THIS TABLE CAN BE
USED ON STREETS WITH OPERATING SPEEDS LESS THAN OR EQUAL TO 45 MPH. ALSO SHOWN ARE THE APPROXIMATE

MAXIMUM SAFE SPEEDS (NC) WITH NO SUPERELEVATION. VALUES FOR (NC) CAN BE USED ON URBAN ARTERIAL,
COLLECTOR, AND LOCAL STREETS.

FOR MINIMUM DESIGN FACTORS FOR VARIOUS DESIGN SPEEDS FOR URBAN CONDITIONS SEE SHEETS 802.25 THRU 802.33
WHEN URBAN CONDITIONS APPLY THERE WILL BE NO BASELINE TRANSITION OR PAVEMENT WIDENING. THE LENGTH OF
TRANSITION (LS) DETERMINES THE LENGTH OF SUPERELEVATION TRANSITION THROUGH WHICH THE OUTER EDGE OF
PAVEMENT IS RAISED ABOVE THE BASELINE GRADE TO A MAXIMUM OF E (ng) SEE SHEET 802.07 FOR A GRAPHICAL
ILLUSTRATION OF THE APPLICATION OF THIS CORRECTION.

FOR CURVE RADII NOT LISTED IN TABLES REFER TO SHEET 802.22 TO CALCULATE TRANSITION LENGTHS (LS).

LS SHOULD BE SHOWN ON THE PLANS FOR ALL CURVES.

E SHOULD BE SHOWN ON THE PLANS FOR ALL CURVES WITH URBAN STREET CONDITIONS.

FOR GRAPHICAL ILLUSTRATION OF DESIGN SUPERELEVATION RATES FOR URBAN CONDITIONS SEE SHEET 802.19.

FOR ADDITIONAL GENERAL INSTRUCTIONS (BOTH URBAN AND RURAL) SEE SHEET 802.04.

EXPLANATION OF TABLES AND INSTRUCTIONS FOR USE
URBAN CONDITION

802.02 VIRGINIA DEPARTMENT OF TRANSPORTATION




TC-5.01
RURAL CONDITION

RURAL CONDITIONS APPLY TO INTERSTATE, ARTERIAL, PRIMARY AND SECONDARY SYSTEMS OR TO ANY OTHER ROAD WITH RURAL TYPE DESIGN
AND OPERATING CONDITIONS.

THESE TABLES CONTAIN THE MINIMUM ALLOWABLE SUPERELEVATION, TRANSITION LENGTHS, AND WIDENING CORRECTIONS FOR STANDARD RURAL
PAVEMENT WIDTHS THROUGH A RANGE OF DESIGN VELOCITIES CONSIDERED MOST LIKELY TO BE USED IN RURAL HIGHWAY DESIGN.

DEFINITIONS FOR THE STANDARD SYMBOLS USED THROUGHOUT THESE TABLES ARE FOUND ON SHEET 802.01.

FOR MINIMUM DESIGN FACTORS FOR VARIOUS DESIGN SPEEDS FOR RURAL CONDITIONS SEE SHEETS 802.34 THRU 802.44.

ON CURVES WITH GREATER THAN 2865 FT RADIUS, THERE WILL BE NO SPIRAL TRANSITION OR PAVEMENT WIDENING. PAVEMENT WILL BE
SUPERELEVATED BY AN AMOUNT EQUAL TO THE RATE SHOWN IN THE TABLES. SEE SHEET 802.06 FOR A GRAPHICAL ILLUSTRATION OF THE

APPLICATION OF THIS CORRECTION.

ON CURVES WITH PAVEMENT WIDTHS OF 24'OR WIDER AND A RADIUS OF 882 FT.OR GREATER, THERE WILL BE NO SPIRAL TRANSITION OR
PAVEMENT WIDENING. PAVEMENT WILL BE SUPERELEVATED BY AN AMOUNT EQUAL TO THE RATE SHOWN IN THESE TABLES.

FOR CURVE RADIINOT LISTED IN TABLES, REFER TO SHEET 802.22 TO CALCULATE TRANSITION LENGTHS (LS) AND PAVEMENT
WIDENING  (w).

LS AND E SHOULD BE SHOWN ON THE PLANS FOR ALL CURVES..
FOR GRAPHICAL ILLUSTRATION OF DESIGN SUPERELEVATION RATES FOR RURAL CONDITIONS SEE SHEET 802.20.
FOR ADDITIONAL GENERAL INSTRUCTIONS (BOTH URBAN AND RURAL) SEE SHEET 802.04.

SEE SHEET 802.05 FOR A GRAPHICAL ILLUSTRATION OF SPIRAL TRANSITIONS.

EXPLANATION OF TABLES AND INSTRUCTIONS FOR USE
RURAL CONDITION

VIRGINIA DEPARTMENT OF TRANSPORTATION 802.03




TC-5.01
GENERAL CONDITION

ALL ORIGINAL CROSS SECTIONS SHALL BE TAKEN FROM THE BASELINE AT STATIONS, PLUS FIFTIES, AND UNUSUAL BREAKS IN THE GROUND AS ON
TANGENT ALIGNMENT.

WHERE A PART OR ALL OF A SUPERELEVATION TRANSITION CURVE FALLS ON A VERTICAL CURVE, ELEVATIONS ON THE VERTICAL CURVE SHOULD BE
COMPUTED FOR THE POSITIONS GIVEN ON SHEET 802.16 FOR CROWN TRANSITIONS, SHEET 802.17 FOR URBAN PROJECTS AND SHEET 802.18 FOR
RURAL PROJECTS. THESE ELEVATIONS AND PLUSES SHOULD BE SHOWN ON THE PLANS FOR THE CONVENIENCE OF THE SURVEY PARTY IN STAKING
OUT THE PROJECT. THROUGHOUT THESE SECTIONS OF THE GRADE, ELEVATIONS AT EVEN STATIONS AND PLUS FIFTIES SHOULD BE OMITTED.

SLOPE STAKES SHOULD BE SET AT THE POSITIONS ON THE TRANSITION GIVEN ON SHEETS 802.16, 802.17 AND 802.18 AND GROUND CROSS
SECTIONS TAKEN AT THESE POSITIONS OMITTING THE STATIONS AND PLUS FIFTIES THROUGHOUT THE TRANSITION. IF UNUSUAL BREAKS IN THE
GROUND OCCUR, ADDITIONAL SECTIONS SHOULD, OF COURSE, BE TAKEN. ADDITIONAL SECTIONS SHOULD ALSO BE TAKEN WHERE LOCATION IS
THROUGH ROCK CUT IN ANTICIPATION OF UNUSUAL BREAKAGE WHICH MAY OCCUR DURING CONSTRUCTION.

AFTER ROUGH GRADING HAS BEEN DONE, FINE GRADING (BLUE TOP) AND FORM STAKES SHOULD BE SET AT THE POSITIONS GIVEN ON SHEET
802.16 FOR CROWN TRANSITIONS, SHEET 802.177 FOR URBAN PROJECTS OR AS GIVEN ON SHEET 802.18 FOR RURAL PROJECTS.

FINAL CROSS SECTIONS SHOULD, OF COURSE, BE TAKEN AT THOSE POSITIONS AT WHICH THE SLOPE STAKE SECTIONS WERE TAKEN. WHERE
UNUSUAL BREAKAGE IN ROCK OCCURS, AND THIS WAS NOT ANTICIPATED, ADDITIONAL FINAL SECTIONS SHOULD BE TAKEN AND ORIGINAL GROUND
SECTIONS INTERPOLATED.

BASELINE STAKES SHOULD BE SET AT ALL P.C.'S,P.T.'S, T.S.'S, S.T.'S, S.C.'S, AND C.S.'S IN STAKING OUT ALIGNMENT BUT SLOPE STAKES NEED
NOT BE SET NOR CROSS SECTIONS TAKEN AT P.C.'S OR P.T.'S EXCEPT WHERE CALLED FOR IN THE ACCOMPANYING TABLES. THE TRANSITION
WILL TAKE ITS FORM FROM THE POSITIONS GIVEN ON SHEETS 802.177 AND 802.18.

THE RIGHT OF WAY SHALL, IN ALL CASES, BE REFERENCED FROM THE BASELINE.

THE DESIGNER SHOULD EXERCISE CAUTION IN THE USE OF COMPOUND AND REVERSE CURVES UNLESS TOPOGRAPHICAL OR RIGHT OF WAY
RESTRICTIONS MAKE THEIR USE APPROPIATE. THE USE OF BROKEN-BACK CURVES SHOULD BE AVOIDED EXCEPT WHERE VERY UNUSUAL
TOPOGRAPHICAL OR RIGHT OF WAY CONDITIONS MAKE OTHER ALTERNATIVES IMPRACTICAL. THE USE OF BROKEN-BACK CURVES MAY
REQUIRE A DESIGN EXCEPTION FROM THE STATE LOCATION AND DESIGN ENGINEER. SEE SHEETS 802.11 THRU 802.14 FOR GENERAL
INFORMATION ON COMPOUND, REVERSE AND BROKEN-BACK CURVE INFORMATION. REFER TO APPENDIX A OF THE ROAD DESIGN MANUAL
FOR SPECIFIC COMPOUND AND REVERSE CURVE DESIGN INFORMATION.

A DESIGN EXCEPTION IS NOT REQUIRED WHEN USING VALUES FROM SHEETS 802.24 THRU 802.44 SINCE THESE TABLES WERE DERIVED
WITHIN AASHTO GUIDELINES.

REFER TO APPENDIX A, SECTIONS A-1AND A-4, OF THE ROAD DESIGN MANUAL FOR INFORMATION ON THE USE OF 18'PAVEMENT WIDTHS
(9'LANE WIDTHS).

ALL CROWN RUNOFF (CR) VALUES AND TRANSITION LENGTHS (LS) LISTED IN THE TABLES HAVE BEEN ROUNDED UP TO THE NEAREST FOQT.
ALL CR VALUES ARE BASED ON A 27 CROWN.

EXPLANATION OF TABLES AND INSTRUCTIONS FOR USE
GENERAL CONDITION

802.04 VIRGINIA DEPARTMENT OF TRANSPORTATION




CHORD POINTS <cp>=';—§

NOTE:
PAVEMENT WIDENING OF RURAL ROADWAYS
WILL BE ACHIEVED BY EQUAL WIDENING

OF BOTH EDGES OF PAVEMENT OVER THE
LS TRANSITION.

PLAN OF TRANSITION

TC-5.01

NOTE:

ON THE INSIDE OF CURVE THE STANDARD
PAVEMENT CROWN (C) SHALL BE HELD UNTIL

IT IS EXCEEDED BY THE TABULATED (S) VALUE,
THEN THE (S) VALUES SHALL BE APPLIED.

LS

\ 0

OUTSIDE EDGE OF
"LTRANSITIONED PAVEMENT

S

e S —

EDGE OF PAVE.
NORMAL CROWN

VARIABLE

T.S. OR

CR = LS@2/e)

LS X C

S C = (W/2)(NPC/100)

S =(W/2)(E/100)

S.T.

PROFILE OF TRANSITION

|

S.C.OR CS.|o
|
I
|
|

™ INSIDE EDGE OF
TRANSITIONED PAVEMENT

NOTE: SHORT VERTICAL CURVES SHOULD BE INSERTED

BY EYE AT POINTS (P) IF CONSIDERED NECESSARY.

Y
5 .
1y g
ale <
w L
58 ? 5|q
s w
3l | 213
i |
o I w
= PLAN GRADE ELEVATION A 2
= PAVEMENT SURrace | COMPUTED FOR LOCATION B. 3|2
FINISHED GRADE LINE S o .'% % oo o—r——r ! Z|= l
(B GRADE) 1 :

P

ral

ral

CROSS SECTION THRU TRANSITION

DETALS FOR TRANSITIONED B
RURAL CONDITION WITH PAVEMENT WIDENING

VIRGINIA DEPARTMENT OF TRANSPORTATION
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CR= LS(2/6E)

8

%%

SECTION A-A
NORMAL CROWN

g
:%
SECTION B-B

NORMAL CROWN
REMOVED (FLAT)

]

R

SECTION C-C
FULL SUPERELEVATION

C = (W/2)INPC/100)

OUTSIDE EDGE OF PAVEMENT —|
% GRADE

P.C.OR P.T.

173 LS

.

(W/2)INPC/100)
(W/2)(E/100)

2/3 LS

P.C. OR P.T.

OUTSIDE EDGE OF PAVEMENT —

% GRADE

;INSIDE EDGE OF PAVEMENT

LS

ko—-o

SUPERELEVATED BY AN AMOUNT EQUAL TO THE
STANDARD PAVEMENT CROWN

INSIDE EDGE OF PAVEMEN

LS

44

Y

NOTE : ON THE INSIDE OF CURVE THE STANDARD PAVEMENT
CROWN (C) SHALL BE HELD UNTIL IT IS EXCEEDED BY THE
TABULATED RATE OF SUPERELEVATION (E).

SUPERELEVATED BY AN AMOUNT EXCEEDING THE
STANDARD PAVEMENT CROWN

802.06

DETALS FOR NON-TRANSITION B

VIRGINIA DEPARTMENT OF TRANSPORTATION

URBAN CONDITIONS AND RURAL CONDITIONS WITHOUT PAVEMENT WIDENING




TC-5.01

POINT OF FINISHED GRADE |

| |
= 48' - 0"

(DESIGN SOFTWARE - 2 LANES, 12 FT. WIDE)

POINT OF FINISHED GRADE |

18- 0" 24'- 0" ——————=

33' - 0" | 33 - Q"
(DESIGN SOFTWARE - 3 LANES, M FT. WIDE)

X THE ELEVATION DIFFERENTIAL BETWEEN NORMAL CROWN AND MAXIMUM SUPERELEVATION,
RELATIVE TO THE BASELINE PROFILE.

ADDITIONAL  INFORMATION MAY BE OBTAINED FROM A POLICY ON GEOMETRIC DESIGN OF
HIGHWAYS AND STREETS (AASHTO) BOOK, CHAPTER Il - ELEMENTS OF DESIGN
(SUPERELEVATION RUNOFF).

ON STANDARD TC-5.01ULS, TC-5.01U , AND TC-5.01R (WITHOUT PAVEMENT WIDENING)
SUPERELEVATED CURVES, POSITION THE LS TWO THIRDS <(¢2/3) ON THE TANGENT AND

ONE THIRD (1/3) INTO THE CURVE. STATIONS AND ELEVATIONS FOR THESE TRANSITIONS
WILL NEED TO BE COMPUTED FOR ALL CHORD POINTS AND SHOWN ON THE PROFILES.

DETAILS OF SUPERELEVATION ABOUT BASELINE

VIRGINIA DEPARTMENT OF TRANSPORTATION
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TC-5.01

POINT OF FINISHED GRADE

__

24! = 12 4‘

(DESIGN SOFTWARE - 2 LANES, 12 FT. WIDE)

1
T

THE PAVEMENT WIDTHS SHOWN IN THE STANDARD TC-5.01 TABLES ON SHEET 802.24
THROUGH 802.44 REPRESENT TWICE THE DISTANCE FROM THE CROWNLINE TO THE
EDGE OF PAVEMENT ON THE HIGH SIDE.

(DESIGN SOFTWARE - 4 LANES, 12 FT.WIDE)I

|

I
POINT OF FINISHED GRADE —\Q *
=—_ _ x

‘q; 24" ! 42" 24" 4:’]

X THE ELEVATION DIFFERENTIAL BETWEEN NORMAL CROWN AND MAXIMUM SUPERELEVATION, RELATIVE
TO THE BASELINE PROFILE.

ADDITIONAL  INFORMATION MAY BE OBTAINED FROM A POLICY ON GEOMETRIC DESIGN OF
HIGHWAYS AND STREETS (AASHTO) BOOK, CHAPTER Iil- ELEMENTS OF DESIGN
(SUPERELEVATION RUNOFF).

PROJECTS IN WHICH LANES MAY BE ADDED IN THE FUTURE IN THE MEDIAN AREA SHOULD BE
DESIGNED WITH THE CONSTRUCTION BASELINE AND POINT OF FINISHED GRADE LOCATED IN THE
MIDDLE OF THE MEDIAN. SUPERELEVATION IS TO BE ROTATED FROM THIS BASELINE POINT.

THIS WILL PREVENT UNEVEN PAVEMENT PROBLEMS (WHEN ADDITIONAL LANES ARE ADDED IN THE
MEDIAN AREA) SUCH AS CROSSOVER GRADES AS WELL AS THE NEED FOR RETAINING WALLS,
MEDIAN BARRIERS AND SPECIAL DESIGN DRAINAGE STRUCTURES. ADDITIONAL RIGHT OF WAY OR
EASEMENTS, IN MOST SITUATIONS, WILL NOT BE REQUIRED.

DETAILS OF SUPERELEVATION ABOUT BASELINE

VIRGINIA DEPARTMENT OF TRANSPORTATION
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TC-5.01

59

35 45
C
—=
I B e
9 T 9

RADIVS 3

O
0
O

NOTE:

WHEN B (CROWNLINE) IS ON THE INSIDE EDGE_OF PAVEMENT,
TANGENT SECTIONS ARE TO BE CODED AS STRAIGHT.

EXAMPLE FOR FOUR LANE ROADWAYS

VIRGINIA DEPARTMENT OF TRANSPORTATION
802.09




TC-5.01

L ANE

NORMAL

MAXIMUM

CROWN

SUPER

L ANE
6
&
NORMAL CRown
SECTION
E

SECTION
D

SECTION
C
MAXIMUM SUPER
SECTION
B
CROWN
SECTION

A

802.10

CROSS SECTION - FOUR LANE ROADWAY

VIRGINIA DEPARTMENT OF TRANSPORTATION




TC-5.01

LENGTH OF COMPOUND SPIRa.

HIGH SIDE EDGE
OF PAVEMENT

—————————— _l____

HIGH SIDE EDGE OF PAVEMENT _ o
—EE T g AL
S
FIRST CURVE : | SECOND CURVE
B GRADE ! I g oraoE
S

S
] NI

LOW_SIDE EDGE |S 3
OF PAVEMENT ;|“ 3 5
olg a SIS Low SIDE EDGE
o OF PAVEMENT
o
PROFILE

NOTE:
FOR COMPOUND CURVES ON ROADWAYS, THE RATIO OF FLATTER RADIUS (R TO THE SHARPER RADIUS (R2)
SHALL NOT EXCEED 1.5:1.

COMPUTE STRAIGHT LINE WIDENING AND SUPERELEVATION TRANSITION FROM MAXIMUM OF FIRST CURVE TO

MAXIMUM OF SECOND CURVE.
REFER TO APPENDIX A OF THE ROAD DESIGN MANUAL FOR ADDITIONAL COMPOUND CURVE DESIGN INFORMATION.

1

2.

3.

SREFERENCE METHOD OF APPLYING TC-5.01 ON COMPOUND CURVES

RURAL CONDITIONS WITH PAVEMENT WIDENING

VIRGINIA DEPARTMENT OF TRANSPORTATION

802.1




TC-5.01

HIGH SIDE EDGE
OF PAVEMENT

HIGH SIDE EDGE
OF PAVEMENT

f

)
FRST CURVE  } T —_ S
—
k —_— — ] SECOND CURVE
B ORADE ¢ . — —_— 1 g oRaE
i —— —_—
—_ i
LOW SIDE EDGE o LOW SIDE EDGE
OF PAVEMENT vlo w| OF PAVEMENT
o g O %)
sla
PROFILE |
NOTE:

1. COMPUTE STRAIGHT LINE WIDENING AND SUPERELEVATION TRANSITION FROM MAXIMUM OF FIRST CURVE

TO MAXIMUM OF SECOND CURVE.

2. REFER TO APPENDIX A OF THE ROAD DESIGN MANUAL FOR ADDITIONAL REVERSE CURVE DESIGN INFORMATION.

802.12

METHOD OF APPLYING TC-5.01 ON REVERSE CURVES
RURAL CONDITIONS WITH PAVEMENT WIDENING

VIRGINIA' DEPARTMENT OF TRANSPORTATION

SPECIFICATION
REFERENCE




LENGTH OF COMPOUND SPIRAL

HIGH SIDE EDGE
OF PAVEMENT

HIGH SIDE EDGE __ OF PAVEMENT
OF PAVEMENT [ _ - T
e S
S
FIRST CURVE : } SECOND CURVE
B GRADE ! I g craE
B N . S
LOW SIDE EDGE |© T T _—
OF PAVEMENT ;¢ 3 ——____mL___
ol o 4lG LOW SIDE EDGE
o OF PAVEMENT

o

PROFILE

NOTE:

1. FOR COMPOUND CURVES ON ROADWAYS, THE RATIO OF FLATTER RADIUS (R1) TO THE SHARPER RADIUS (R2)
SHALL NOT EXCEED 1.5:1 WHERE PRACTICAL, A DESIRABLE MAXIMUM RATIO OF 1.75:1 SHOULD BE USED. FOR
COMPOUND CURVES ON RAMPS, THE RATIO OF THE FLATTER RADIUS (R1) TO THE SHARPER RADIUS (R2)

SHALL NOT EXCEED 2:1.

2. COMPUTE SUPERELEVATION TRANSITION FROM MAXIMUM OF FIRST CURVE TO MAXIMUM OF SECOND CURVE.
LENGTH OF COMPOUND SPIRAL COMPUTED PER THE FOURTH EDITION OF AASHTO'S A POLICY ON GEOMETRIC
DESIGN OF HIGHWAYS AND STREET

3. REFER TO APPENDIX A OF THE ROAD DESIGN MANUAL FOR ADDITIONAL COMPQOUND CURVE DESIGN INFORMATION.

TC-5.01

SPECIFICATION
REFERENCE

METHOD OF APPLYING TC-5.01 ON COMPOUND CURVES

URBAN CONDITIONS & RURAL CONDITIONS WITHOUT PAVEMENT WIDENING

VIRGINIA DEPARTMENT OF TRANSPORTATION
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TC-5.01

HIGH SIDE EDGE
OF PAVEMENT

HIGH SIDE EDGE
OF PAVEMENT

} _
S —_ I T
FIRST CURVE — — S
k —— —_ ] SECOND CURVE
B GRADE ¢ —— — L B GRADE
¥ —_— T i
LOW SIDE EDGE G LOW SIDE EDGE
OF PAVEMENT @ o | OF PAVEMENT
olg ol
PROFILE o|©
NOTE:

1. COMPUTE SUPERELEVATION TRANSITION FROM MAXIMUM OF FIRST CURVE
TO MAXIMUM OF SECOND CURVE. LENGTH OF LS (SPIRAL TRANSITIONS)
COMPUTED PER FOURTH EDITION OF AASHTO'S A POLICY ON GEOMETRIC
DESIGN OF HIGHWAYS AND STREETS.

2. REFER TO APPENDIX A OF THE ROAD DESIGN MANUAL FOR ADDITIONAL

REVERSE CURVE DESIGN INFORMATION.

802.14

METHOD OF APPLYING TC-5.01 ON REVERSE CURVES
URBAN CONDITIONS & RURAL CONDITIONS WITHOUT PAVEMENT WIDENING

SPECIFICATION
REFERENCE

VIRGINIA DEPARTMENT OF TRANSPORTATION




TC-5.01

THIS SHEET INTENTIONALLY LEFT BLANK

SPECIFICATION
REFERENCE

VIRGINIA DEPARTMENT OF TRANSPORTATION
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TC-5.01

TRANSITION TABLE

LENGTH OF START/END DISTANCE IN FEET FROM
NORMAL
CROWN RUNOFF TRANOSF|T|0N START/END OF TRANSITION (LS) o
(CR) ws
1 2 3 4
220 0 42 88 132 176 220
200 0 40 80 120 120 200
180 0 36 72 108 144 180
160 0 32 64 9 128 160
140 0 28 56 84 12 140
120 0 24 48 72 9% 120
100 0 20 40 60 80 100
90 0 18 36 54 72 90
80 0 16 32 48 64 80
60 0 15 30 45 —_— 60
40 0 20 _ _ — 40

NOTE:

TABLE LISTS POSTIONS ON TRANSITIONS AT WHICH SLOPE STAKES SHOULD BE SET,
CONSTRUCTION AND FINAL CROSS-SECTIONS TAKEN, FINE GRADING STAKES (BLUE TOP)
SET, AND FORM STAKES SET (CONCRETE PAVEMENT ONLY).

802.16

CROWN TRANSITON / CROWN RUNOFF (CR) TABLE

VIRGINIA DEPARTMENT OF TRANSPORTATION




URBAN CONDITIONS
RURAL CONDITIONS WITHOUT PAVEMENT WIDENING

FOR USE WITH FLEXIBLE AND CONCRETE PAVEMENT
(LS POSITIONED 2/3* ON TANGENT, 1/3 £ ON CURVE)

TC-5.01

LENGTH OF BEE%“.),G DISTANCE IN FEET FROM gig- DISTANCE IN FEET FROM SBL’JDIELR
TRANSITION ESSC\;V# P.C.OR P.T. ON TANGENT P.T. P.C. OR P.T. ON CURVE ELE\(/E\)T'ON

s (R 1 2 3 4 5 6 7 8 9

480 320 272 224 176 128 80 32 STAKE 16 64 12 160
460 307 261 215 169 123 77 31 STAKE 15 61 107 153
440 293 249 205 161 17 73 29 STAKE 15 59 103 147
420 280 238 196 154 12 70 28 STAKE 14 56 98 140
400 267 227 187 147 107 67 27 STAKE 13 53 93 133
380 253 215 177 139 101 63 25 STAKE 13 51 89 127
360 240 204 168 132 96 60 24 STAKE 12 48 84 120
340 227 193 159 125 Y 57 23 STAKE 1" 45 79 "3
320 213 181 149 17 85 53 21 STAKE " 43 75 107
300 200 170 140 110 80 50 20 STAKE 10 40 70 100
280 187 159 131 103 75 47 19 STAKE 9 37 65 93
260 173 147 X | 121 95 X | 69 43 X 17 STAKE X 9 35 X 61 87
240 160 136 X | 12 88 X | 64 40 X 16 STAKE X 8 32 X 56 80
220 147 125 X | 103 81 X | 59 37 X 15 sTAKE X 7 29 X 51 73
200 133 3 X | 93 73 X | 53 33 X | 13 STAKE X 7 27 X 47 67
180 120 102 X | 84 66 X | 48 30 X | 12 sTAKE X 6 24 X 42 60
160 107 a X | 75 59 X | 43 27 X | STAKE X 5 21 X 37 53

NOTE

TABLE GIVING POSITIONS ON CURVES AT WHICH SLOPE STAKES SHOULD BE SET,
CONSTRUCTION AND FINAL CROSS-SECTIONS TAKEN, FINE GRADING STAKES (BLUE TOP) SET,
AND FORM STAKES SET (CONCRETE PAVEMENT ONLY).

X DENOTES ADDITIONAL STAKING POSITIONS FOR USE WITH CONCRETE PAVEMENT ONLY.

TABLE

VIRGINIA DEPARTMENT OF TRANSPORTATION
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TC-5.01

RURAL CONDITIONS WITH PAVEMENT WIDENING

FOR USE WITH FLEXIBLE AND CONCRETE PAVEMENT

(T)hS. DISTANCE IN FEET FROM T.S.OR S.T. gél
LENGTH OF S.T. ALONG SPIRAL TRANSITION c.s.
TRANSITION (LS) . 5 3 4 5 5 - 8 3

480 0 48 96 144 192 240 288 336 384 432 480
460 0 46 92 138 184 230 276 322 368 414 460
440 0 44 88 132 176 220 264 308 352 396 440
420 0 42 84 126 168 210 252 294 336 378 420
400 0 40 80 120 160 200 240 280 320 360 400
380 0 38 76 114 152 190 228 266 304 342 380
360 0 36 72 108 144 180 216 252 288 324 360
340 0 34 68 102 136 170 204 238 272 306 340
320 0 32 64 96 128 160 192 224 256 288 320
300 0 30 60 90 120 150 180 210 240 270 300
280 0 28 56 84 12 140 168 196 224 252 280
260 0 26 X 52 78 X 104 130 X 156 182 X 208 234 X | 260
240 0 24 X 48 72 X 96 120 X 144 188 X 192 216 X | 240
220 0 22 X 44 66 X 88 mo X 132 154 X 176 198 X | 220
200 0 20 X 40 60 X 80 100 X 120 140 X 180 180 X | 200
180 0 18 X 36 54 X 72 90 X 108 126 X 144 162 X | 180
160 0 1B X 32 48 X 64 80 X 96 n2 X 128 144 X | 160

NOTE :

TABLE GIVING POSITIONS ON TRANSITION CURVES AT WHICH SLOPE STAKES SHOULD BE SET,
CONSTRUCTION AND FINAL CROSS-SECTIONS TAKEN, FINE GRADING STAKES (BLUE TOP) SET,
AND FORM STAKES SET (CONCRETE PAVEMENT ONLY).

X DENOTES ADDITIONAL STAKING POSITIONS FOR USE WITH CONCRETE PAVEMENT ONLY.

802.18

TABLE 2

VIRGINIA DEPARTMENT OF TRANSPORTATION




SUPERELEVATION RATE, e (/)

3.5

2.5

0.5

TC-5.01

/

//”””::::::::

S\ AN Oz'
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Mp,
& \\\ 55 H
0 M
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500

1000
1500
2000
2500
3000
3500
4000
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RADIUS OF CURVE, R (FEET)
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7000
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DESIGN SUPERELEVATION RATES
URBAN CONDITIONS

VIRGINIA DEPARTMENT OF TRANSPORTATION
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TC-5.01

1
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SUPERELEVATION RATE, E (/)
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1000
2000
3000
4000
5000
6000
7000
8000
9000
10000

RADIUS OF CURVE, R (FEET)

11000

DESIGN SUPERELEVATION RATES
RURAL CONDITIONS

802.20 VIRGINIA DEPARTMENT OF TRANSPORTATION




LEGEND

3
RATE OF CHANGE OF SIDE FRICTION (f) IN FT./SEC.

SUPERELEVATION RATE.

FRICTION FACTOR.

LENGTH OF SUPERELEVATION TRANSITION.
RADIUS OF CURVE.

DESIGN VELOCITY UTILIZING SUPERELEVATION.
MAXIMUM VELOCITY WITH NO SUPERELEVATION

(NORMAL CROWN).

URBAN LOW SPEED DESIGN TABLE

%é"‘_“? MAX. f c s
(FEET
45 0.161 2.75 15
40 0178 | 3.00 100
35 0197 | 3.25 90
30 0221 | 3.50 90
25 0.252 | 3.75 90
20 0.300 | 4.00 90

INTERPOLATION.

FRICTION FACTORS (f) FOR ODD VELOQCITIES
NOT LISTED SHOULD BE DERIVED BY

FOR LS LENGTHS FOR INTERMEDIATE
VELOCITIES NOT LISTED IN TABLE USE
THE LS FOR NEAREST VELOCITY IN

TABLE.

. WHEN "URBAN LOW SPEED" DESIGNS UTILIZE SUPERELEVATION, THEY

. WHEN "URBAN LOW SPEED DESIGN" WITH NO SUPERELEVATION, THE

. WHEN THE CURVE IS SUPERELEVATED, THE LS IS APPLIED IN THE SAME

. PLEASE NOTE THAT THE RADIUS VALUES LISTED ON PAGE 802.24

TC-5.01

GENERAL DESIGN CONSIDERATIONS

WILL BE SUPERELEVATED BY AN AMOUNT EQUAL TO THE NORMAL
CROWN (TYPICALLY 2.07%) AND THE APPROXIMATE MAXIMUM SAFE SPEED
(DV) AFFORDED THEREBY.

APPROXIMATE MAXIMUM SAFE SPEED (NC) IS CALCULATED USING A
NEGATIVE NORMAL CROWN (TYPICALLY -2.0 7).

MANNER AS IN URBAN CONDITIONS WITH THE CROWN RUNOFF (CR)
BEING EQUAL TO THE LS VALUE. THE CROWN RUNOFF (CR) IS ALWAYS
ACHIEVED OUTSIDE OF THE TRANSITION (LS).

HAVE BEEN ROUNDED UP TO THE NEAREST FOOT.

EXAMPLES

DV = 21 mph
e -%2.0 7

f = MAX {2 INTERPOLATED DIFFERENCE BETWEEN LISTED FRICTION FACTORS

f = 0.300-[1/5(0.300-0.252)]=0.2904 (ROUND TQ 0.29)

LS = 47.2 fDV/C
LS = 47.2(0.29)(21)/4-71862 FT.
71.862 <90 THEREFORE LS-90 FT.
Rmin. = DV?/15(e+f)

Rmin. = (21) /15¢(0.02 + 0.29)-94.83870968 FT.

NC - 37 mph

e --20 7

f - MAX f*INTERPOLATED DIFFERENCE BETWEEN LISTED FRICTION FACTORS
f - 0.197-12/5(0.187-0.178)1-0.1894 (ROUND TO 0.189)

Rrmin. = NC 715¢-e + D)

Rmin. = (37} /15(-0.02 + 0.189)-540.0394477 FT.

METHODOLOGIES FOR CALCULATING TC-5.01 VALUES
FOR URBAN LOW-SPEED STREETS

VIRGINIA DEPARTMENT OF TRANSPORTATION 802.21




Te-s.o RELATIVE GRADIENTS
MIN. TRANSITION
CURVE WIDENING TABLES ADJUSTMENT FACTORS M RANSITION
DESIGN | MAXIMUM RURAL CONDITIONS
SU DESIGN VEHICLE SPEED | RELATIVE DgVITHGF'AVgM’%é\ITERSE
NUMBER v GRADIENT WIDENING AND REV
COMPONENT SIZE OF | ADJUSTMENT Mo rg) CURVES FOR ALL CONDITIONS
OVERALL WIDTH (u) | 8.0 ft LANES FACTOR URBAN RURAL
WHEELBASE (L) 20 ft ROTATED (bw! 20 0.74 100 0
FRONT OVERHANG (A)| 4 it i 5 5 0.70 100 80
1 1.0 :
30 0.66 100 100
LATERAL CLEARANCE 1.5 0.8333
5 075 35 062 120 120
LANE WIDTH | CLEARANCE (C) 55 070 40 0.58 120 120
9 ft 1.5 ft 3 oéss7 45 0.54 140 140
10 ft 2 ft 35 0‘6425 50 0.50 160 160
1 ft 2.5 ft - - 55 0.47 180 180
12 ft 3 it 60 0.45 180 180
16 ft 5 1t 65 0.43 200 200
70 0.40 220 220
A - FRONT OVERHANG OF DESIGN VEHICLE FROM DEFINITIONS u - TRACK WIDTH OF DESIGN VEHICLE FROM
APPROPRIATE TABLE. APPROPRIATE TABLE.
bw - ADJUSTMENT FACTOR FROM TABLE. M - MULTIPLE LANE FACTOR. Vp - DESIGN VELQCITY.
C - LATERAL CLEARANCE OF DESIGN VEHICLE FROM N - NUMBER OF LANES. w - CALCULATED WIDENING.
APPROPRIATE TABLE. ni- NUMBER OF LANES ROTATED (FROM TABLES).
E - SUPERELEVATION RATE FROM APPROPRIATE W - PAVEMENT WDTH
TABLE. Pw - PAVEMENT WIDTH.
Fp - CALCULATED WIDTH OF OVERHANG FOR DESIGN W~ CALCULATED TOTAL CURVE WIDTH.
VEHICLE. R - RADIUS OF CURVE.
W_- WIDTH OF LANE.
L L BASE (OF DESION VEHICLE FROM rg - RELATIVE GRADIENT FROM APPROPRIATE TABLE. n
- CALCULATED EXTRA WI .
LS - LENGTH OF SPIRAL OR SUPERELEVATION U - CALCULATED TRACK WIDTH OF DESIGN VEHICLE. Z - CALCULATED E DTH ALLOWANCE
TRANSITION LENGTH.
GENERAL DESIGN CONSIDERATIONS
1. WHERE PAVEMENT WIDENING IS REQUIRED, THE APPROPRIATE WIDENING IS ADDED 7. NO PAVEMENT WIDENING IS REQUIRED FOR RURAL ROADWAYS WITH 12 FOOT
TO THE LANE WIDTH WHEN CALCULATING THE TRANSITION LENGTH (LS). WIDE LANES AND A CURVE RADIUS GREATER THAN 881FEET.
2. THE COMPUTED TRANSITION LENGTH (LS) IS ROUNDED UP TO THE NEAREST FOOT. 8. PAVEMENT WIDENING IS APPLIED ONLY WHEN CALCULATED WIDENING (w) IS

EQUAL TO OR GREATER THAN 2 FEET.
3. WHEN THE TRANSITION LENGTH (LS) IS CALCULATED, IT MUST BE COMPARED WITH
THE MINIMUM VALUE LISTED IN THE APPROPRIATE COLUMN ON THE RELATIVE 9
GRADIENT TABLE.

4. CROWN RUNOFF IS ALWAYS ACHIEVED OUTSIDE OF THE TRANSITION.

. WHEN CALCULATING WIDENING (w) FOR MULTI-LANE RURAL ROADWAYS, WIDENING
IS FIRST CALCULATED USING THE SINGLE LANE WIDTH FOR "w".

10. AN ALTERNATE METHOD FOR MULTI-LANE UNDIVIDED PAVEMENTS (48'). THE LS IS
1.5 TIMES (M-1.5) THE CORRESPONDING LENGTH FOR TWO LANE HIGHWAYS; AND

5. NO PAVEMENT WIDENING IS REQUIRED FOR URBAN ROADWAYS. FOR SIX LANE UNDIVIDED PAVEMENTS (72", THE LS IS TWO TIMES (M=2) THE
CORRESPONDING LENGTH FOR TWO LANE HIGHWAYS.
6. NO PAVEMENT WIDENING IS REQUIRED FOR RURAL ROADWAYS WITH A CURVE 1. CALCULATED WIDENING IS ROUNDED UP TO THE NEAREST 0.1 FOOT.

RADIUS GREATER THAN 2865 FEET

No wiDENNG REQURED  FORMULAS USED TO CALCULATE TRANSITION LENGTH (LS) AND WIDENING (w)
LS =b,(W, E/rg)
LS = M(WE/rg) (ALT. MULTI-LANE)
WIDENING REQUIRED
LS =bylE ni (W, + w/N)/rqgl \/27 Wnr = NWU+CI+FR+2Z
F,=~/R“+A2L+ A-R A

LS = mlE(W + w/N)/rg] (ALT. MULTI-LANE) * 2 ¢

FOR SOLVED PROBLEMS USING THIS METHODOLOGY, SEE THE EXAMPLES ON PAGE 802.23

U=u+R-~/R%-L2 Z= (v /~JR ) wo— W

METHODOLOGIES FOR CALCULATING TC-5.01 VALUES

VIRGINIA DEPARTMENT OF TRANSPORTATION
802.22




RURAL EXAMPLE

20 FT PAVEMENT WIDTH

RURAL EXAMPLE

2 FT PAVEMENT WIDTH

URBAN EXAMPLES

TC -5.01

5
(DESIGN SOFTWARE - 1LANE AT 10 FT) (DESIGN SOFTWARE - 3 LANES AT 12 FT)
24 FT PAVEMENT WIDTH
(DESIGN SOFTWARE - 1LANE AT 12 FD)
Vp =50 MPH R = 1000 FT Vg — 40 MPH R = 500 FT
W, = 10 FT rqg = 0.50 W, = 12 FT rg = 0.58
E = 7.6 (7.67 PER 802.40) E = 8.0 (8 PER PAGE 802.38) Vo = 40 MPH R = 600 FT
Wp = 12 FT rg = 0.58
E = 4.0 (47 PER PAGE 802.29)
U= u+ R -~ RZ - 12 U=u+R—~/R2-1?
U = 8.0 + 1000 — -/ (1000)2— (20)? U = 8.0 + 500 — ~/ (500%— (207
U = 8.20002 U = 84002 LS = (W, n, E/rg) ba
LS = [12(1)(4)/0.58] 1.00
LS = (48/.058)
LS = B2.7586
Fa=~RZ+ A QL +A-R Fa— ~JRZ+ AL+ A -R
Fa =~/ (100002 + 40 2(20) + 41— 1000 Fa= ~J(50002+ 40 2(20) +4] —500
Fa = .087996 Fa— .1760
Z= AR Z=Wo/NRD 66 FT PAVEMENT WIDTH
Z = (50 /+/1000) Z = 40 /~/500) (DESIGN SOFTWARE - 3 LANES AT MFT)
Z =158 Z = 1.7885
W, = 2(WU+C+Fa+ Z
c V, = 40 MPH R = 600 FT
— D
We= N+ C+Fa+ 2 W, = 2(8.4002 +3.0) +.1760 + 1.7885 W= 1FT rg — 0.58
W, = 2(8.20002 + 2)+0.087996+ 1.58 We = 247651 E =4.0 (47 PER PAGE 801.29)
We = 22.0680
w= Wg —2W, = 24.7651—2(12) = 0.7651(0.8)
LS = bsw (W, n E/rg)
FOR 72' PAVEMENT WIDTH LS = 0.6667 [11(3)(4)/ 0.58]
w=30.8)= 2.4 LS = 0.6667 (132/0.58)
w= W, — 2W,= 220680 — 2100 = 2.1 LS = 151.7317
(R<881& w>2 THEREFORE WIDENING IS REQUIRED) or
LS =1[E n (W, + w/3) rglb,
LS =1[8 (3) (12+2.4/3)/ 0.581 0.6667 LS =M (E W, /rg)
(R<2865 & w>2 THEREFORE WIDENING IS REQUIRED) LS = (307.2/0.58) 0.6667 LS = 2 [4U1)/ 0.58]
LS = [E n, (Wo + w/2)/ rg 1by LS = 353.121 LS = 2 (44/0.58)
LS = [7.6(M0+ 2.1/2) / 0.501 1 OR LS = 151.7241
LS = 7.6 (11.05)/0.50 LS = MIE(W,+ w/N)/rg]
LS = 167.96 LS = 2 [8(12+4.5/3) / 0.58]
LS = 2 (102.4/0.58)
LS = 353.1034

CALCULATED TC-5.01 EXAMPLES

VIRGINIA DEPARTMENT OF TRANSPORTATION
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TC-5.01

MINIMUM RADIFAND TRANSITION LENGTHS FOR 27 SUPERELEVATION

LS (FEET
RADIUS £ F bv PAVEMENT WIDTH (W)
(FEET) ) (MPH) W <72 FT R
>738 2.0 183 45 126
539 2.0 178 40 "3 NOTE:
77 ) 197 FOR PAVEMENT WIDTHS GREATER
3 20 ° 5° 101 THAN 72 FEET USE LS VALUES DEVELOPED
249 2.0 221 30 90 BY THE DESIGN SOFTWARE.
154 2.0 252 25 80
84 2.0 300 20 75

MINIMUM RADIIFOR DESIGNS
UTILIZING NORMAL PAVEMENT CROWN

RADIUS F NC

(FEET) (MPH)

> 945 163 45
676 178 40
462 197 35
299 221 30
180 252 25
9 .300 20

802.24

SUMMARY OF STD. TC-5.01ULS (URBAN-LOW SPEED) DESIGN FACTORS
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DESIGN FACTORS FOR A DESIGN SPEED OF 20 MPH [Te-s01]
(URBAN) USING E= 47 MAX.
PAVEMENT WIDTH
RADIUS E 24 FT | 36 FT a8 FT | 60 FT | 66 FT | 72 FT
(FEET) 2} DESIGN SOFTWARE EQUIVALENTS (NUMBER OF LANES AT LANE WIDTH)
10 12 15 @ 12' 2 e 12 3e 10 3e 30 12
CR | LS | CR | LS | CR | LS | CR LS | CR | LS | CR | LS

1400 NC 0 0 0 0 0 [} 0 0 0 0 0 0

961 2.0 33 | 33 | a1 41 49 | 49 | 55 55 | 60 | 60 | 65 | 65 NOTE:

884 2.1 33 35 41 43 49 52 55 57 60 63 65 69 CR AND LS VALUES IN FEET.

810 2.2 33 36 41 45 49 54 55 60 60 66 65 72 FOR PAVEMENT WIDTHS GREATER THAN
735 23 | 33 | 38 | 41 |47 | 49 [ s6 | 55 | 63 | 60 | 69 | 65 | 75 72 FEEL USE LS WALUES DEVELOPED BY
653 24 |33 | 39 | 41 |49 | 49 |59 | 55 | 65 | 60 | 72 | 65 | 78 LISTED RADIUS IS THE MINIMUM ALLOWABLE
578 2.5 33 | 41 | 41 51 49 | 61 55 68 | 60 | 75 | 65 | 82 RADIUS FOR THE CORRESPONDING E, CR,

AND LS VALUES.

516 2.6 33 43 | 41 53 49 64 55 71 60 78 | 65 85

464 2.7 33 | 44 | 41 55 43 | 66 55 73 | 60 81 65 | 88

421 2.8 33 | 46 | 41 57 | 49 | &9 55 76 | 60 | 84 | 65 | o1

383 2.9 33 | 48 | 41 59 | 49 | 7 55 79 | 60 | 87 | 65 | 95

351 3.0 33 | 49 | 41 61 49 | 73 | 55 82 | 60 | 90 | 65 | 98

322 3.1 33 51 41 63 49 76 55 84 60 93 65 101

296 3.2 33 52 41 65 49 78 55 87 60 96 65 | 104

273 3.3 33 | 54 | 41 67 49 | 81 55 90 | 60 | 99 | 65 | 108

252 3.4 33 | 56 | 41 69 | 49 | 83 55 92 | 60 | 102 | 65 | m

232 35 33 | 57 | 41 71 49 | 86 55 95 | 60 | 105 | 65 | 114

214 3.6 33 59 41 73 49 88 55 98 60 108 | 65 17

196 3.7 33 | 80 | 41 75 | 49 | 90 55 100 | 60 | 110 | 65 | 120

179 3.8 33 | 62 | 41 77 | 49 | 93 55 103 | 60 | 13 | 65 | 124

160 3.9 33 | 64 | 41 79 | 49 | 95 55 106 | 60 | 116 | 65 | 127

127 4.0 33 | 65 | 41 81 49 | 98 55 109 | 60 | 119 | 65 | 130

SPECIFICATION

REFERENCE

TRANSITION CURVES - URBAN

20 MPH DESIGN SPEED

VIRGINIA DEPARTMENT OF TRANSPORTATION 802.25




TC-5.01

DESIGN FACTORS FOR A DESIGN SPEED OF 25 MPH

(URBAN) USING E= 47 MAX.

PAVEMENT WIDTH

RADIUS £ 24 FT | 36 FT 48 FT 6o FT | 68 FT [ 72 FT
(FEET) ) DESIGN SOF TWARE EQUIVALENTS (NUMBER OF LANES AT LANE WIDTH)
1@ 12' 1.5 @ 12' 2 @ 12' 3@ 10 3 e 3 e 12
CR | LS | CR | LS CR | LS | ¢cRr LS | CR | LS | CR | LS
2500 NC 0 0 0 0 0 0 0 0 0 0 0 0
1407 2.0 35 | 35 | 43 | 43 52 | 52 | 58 58 | 63 | 63 | 69 | 69
1299 2.1 35 | 36 | 43 | 45 52 | 54 | 58 60 | 63 | 66 | 69 | 72
195 2.2 35 | 38 | 43 48 | 52 | 57 | 58 63 | 683 | 70 | B9 76
1094 2.3 35 | ap | 43 50 | 52 | 60 | 58 66 | 63 | 73 | 69 79
990 2.4 35 | 42 | 43 52 | 52 | 62 | 58 69 | 63 76 | 89 | 83
883 2.5 35 | 43 | 43 54 | 52 | 65 | 58 72 | 63 79 | 69 | 86
793 2.6 35 | 45 | 43 56 | 52 | 67 | 58 75 | 63 | 82 | 69 | 90
718 2.7 35 | 47 | 43 58 | 52 | 70 | 58 78 | 683 | 85 | 69 | 93
654 2.8 35 | a8 | 43 60 | 52 | 72 | 58 80 | 63 | 88 | 69 | 96
598 2.9 35 | 50 | 43 63 | 52 | 75 | 58 83 | 63 | 92 | 69 100
548 3.0 35 | 52 | 43 65 | 52 | 78 | 58 86 | 63 | 95 | 69 103
505 3.1 35 54 | 43 67 52 80 58 89 63 98 69 107
466 3.2 35 | 55 | 43 69 | 52 | 83 | 58 92 | 83 | 101 | 69 10
430 3.3 35 57 43 71 52 85 58 95 63 104 69 14
397 3.4 35 | 59 | 43 73 | 52 | gg | 58 98 | 63 | 107 | B9 | M7
367 3.5 35 | 60 | 43 75 | 52 | 90 | 58 100 | 63 | 110 | 69 | 120
339 36 35 | 62 | 43 78 | 52 | 93 | 58 103 | 83 | M4 | B9 | 124
3n 3.7 35 | 64 | 43 80 | 52 9% | 58 106 | 83 | 17 | 89 | 127
284 3.8 35 | 66 | 43 82 | 52 | 98 | 58 109 | 63 | 120 | 89 | 131
255 3.9 35 | 67 | 43 84 | 52 | 101 | 58 m2 | 63 | 123 | 89 | 134
204 4.0 35 | 69 | 43 86 | 52 | 103 | 58 1n5 | 63 | 126 | 69 | 138

NOTE:
CR AND LS VALUES IN FEET.

FOR PAVEMENT WIDTHS GREATER THAN
72 FEET USE LS VALUES DEVELOPED BY
THE DESIGN SOFTWARE.

LISTED RADIUS IS THE MINIMUM ALLOWABLE
RADIUS FOR THE CORRESPONDING E, CR,
AND LS VALUES.

802.26

TRANSITION CURVES -

URBAN

25 MPH DESIGN SPEED
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DESIGN FACTORS FOR A DESIGN SPEED OF 30 MPH [Te-5.01 |
(URBAN) USING E= 47 MAX.
PAVEMENT WIDTH
RADIUS E 24 FT | 36 FT | a8 FT | 60 FT | 86 FT | 72 FT
(FEET) 2 DESIGN SOFTWARE EQUIVALENTS (NUMBER OF LANES AT LANE WIDTH)
1e 12 15 @ 12' 2 e 12 3 e 10 3 e 3e 12
R | ts [ crR s [ R [ ts [ R [ ts [ crR | s [ cr | s

3000 NC 0 0o | o 0 0 0 0 0 0 0 0 0

1940 2.0 37 37 | 46 46 55 55 61 61 67 67 73 73 NOTE:

1795 2.1 37 39 46 48 55 58 61 64 67 70 73 77 CR AND LS VALUES IN FEET.

1658 22 | 37 | 40 |46 |50 | 55 | 60 | 61 67 | 67 | 74 | 73 | 80 FOR PAVEMENT WIDTHS GREATER THAN
1525 23 | 37 | 42 |46 |53 |55 [ 63 | 61 | 70 | 67 | 77 | 73 | 8a 72 FEET USE LS VALUES DEVELOPED BY
1395 24 |37 | 44 |46 |85 |55 | 66 | 61 | 73 | 67 | 80 | 73 | 88 LISTED RADIUS IS THE MINMUM ALLOWABLE
1255 25 | 37 | 46 |46 |57 | 55 | 69 | & 76 | 67 | 84 | 73 | 9 RADIUS FOR THE CORRESPONDING E, CR,
1134 26 | 37 | 48 |46 |60 | 55 | 71 | e 79 | 67 | 87 | 73 | o5 AND LS VALUES.

1030 2.7 37 | so0 | 46 62 55 | 74 61 82 | 67 | 90 | 73 | 99

941 2.8 37 51 46 64 55 77 61 85 67 94 73 102

863 2.9 37 53 46 66 55 80 61 88 67 97 73 106

794 30 | 37 | 55 |46 |89 | 55 | g2 | 61 ot | 67 | 100 | 73 | 10

732 3. 37 | 57 |46 | 71 | 55 | 85 | 61 94 | 67 | 104 | 73 | 13

677 32 | 37 | 590 |46 |73 | 55 | 88 | 61 97 | 67 | 107 | 73 | n7

627 33 | 37 | 6o |46 |75 | 55 | 90 | 61 | 100 | 67 | 10 | 73 | 120

580 34 | 37 | 62 |46 |78 | 55 | 93 | 61 | 104 | 67 | 114 | 73 | 124

537 35 | 37 | 64 | 46 |80 | 55 | 96 | 61 | 107 | 67 | n7 | 73 | 128

496 36 | 37 | e6 | 46 |82 | 55 | 99 | 61 1o | 67 | 120 | 73 | 131

457 3.7 37 68 46 85 55 101 61 13 67 124 73 135

417 38 | 37 | 70 | 46 |87 | 55 | 104 | 61 16 | 67 | 127 | 73 | 139

375 39 | 37 | 71 |46 |89 | 55 | 107 | 61 19 | 67 | 130 | 73 | 142

300 40 |37 | 73 |46 | 91 | 55 | 1m0 | 61 | 122 | 67 | 134 | 73 | 146

TRANSITION CURVES - URBAN
50 MPH DESIGN SPEED

VIRGINIA DEPARTMENT OF TRANSPORTATION 802.27




TC-5.01

DESIGN FACTORS FOR A DESIGN SPEED OF 35 MPH

(URBAN) USING E= 4/ MAX.

PAVEMENT WIDTH

RADIUS E 24 FT | 36 FT 48 FT | 60 FT | 66 FT | 72 FT
(FEET) 2 DESIGN SOFTWARE EQUIVALENTS (NUMBER OF LANES AT LANE WIDTH)
1e 12" 15 @ 12' 2 @12 3e 10 3e 30 12
CR | LS | CR | LS | CR | LS | CR LS | CR | LS | CR | LS
4000 NC 0 0 0 0 0 0 0 0 0 0 0 0
2561 2.0 39 | 39 | 49 49 59 | 59 | 65 65 71 71 | 78 | 78
2374 2.1 39 | 41 | 49 51 59 61 65 68 71 75 | 78 | 82
2199 2.2 39 | 43 | 49 54 59 | 64 | 65 71 7 79 | 78 | 86
2031 2.3 39 | 45 | 49 56 59 | 67 | 65 75 71 82 | 78 | 90
1866 2.4 39 | 47 | 49 59 59 | 70 | 65 78 71 86 | 78 | 93
1697 2.5 39 | 49 | 49 61 59 | 73 | 65 81 71 89 | 78 | 97
1538 2.6 39 51 | 49 63 59 76 65 84 Al 93 78 101
1403 2.7 39 53 | 49 66 59 79 65 88 71 96 78 | 105
1285 2.8 39 | 55 | 49 68 59 | 82 | 65 91 71 | 100 | 78 | 109
1182 2.9 39 | 57 | 49 71 59 | 85 | 65 94 71 | 103 | 78 | n3
1090 3.0 39 | s9 | 49 73 59 | 88 | 65 97 71 | 07 | 78 | 17
1008 3.1 39 | g0 | 49 75 59 | 90 | 65 100 | 71 1m0 | 78 | 120
933 3.2 39 | 82 | 49 78 50 | 93 | 65 104 | 71 na | 78 | 124
865 3.3 39 | 64 | 49 80 59 | 96 | 65 107 | 71 ng | 78 | 128
802 3.4 39 66 49 83 59 99 65 110 71 121 78 132
743 35 39 | 68 | 49 85 59 | 102 | 65 n3 71 | 125 | 78 | 136
688 3.6 39 70 | 49 88 59 105 | 65 17 71 128 | 78 | 140
634 3.7 39 | 72 | 49 90 59 | 108 | 65 20 | 71 | 132 | 78 | 144
580 3.8 39 | 74 | 49 92 59 m 65 123 | 71 | 135 | 78 | 148
522 3.9 39 | 76 | 49 95 59 | 14 | 65 126 | 71 | 139 | 78 | 151
420 4.0 39 | 78 | 49 97 59 | 17 | 65 130 | 71 | 142 | 78 | 155

NOTE:
CR AND LS VALUES IN FEET.

FOR PAVEMENT WIDTHS GREATER THAN
72 FEET USE LS VALUES DEVELOPED BY
THE DESIGN SOF TWARE.

LISTED RADIUS IS THE MINIMUM ALLOWABLE
RADIUS FOR THE CORRESPONDING E, CR,
AND LS VALUES.

802.28

TRANSITION CURVES
55 MPH DESIGN SPEED

VIRGINIA DEPARTMENT OF TRANSPORTATION

URBAN

SPECIFICATION
REFERENCE




DESIGN FACTORS FOR A DESIGN SPEED OF 40 MPH

(URBAN) USING E= 47 MAX.

PAVEMENT WIDTH

RADIUS E 24 FT | 36 FT 48 FT 60 FT 66 FT | 72 FT
(FEET) 2 DESIGN SOFTWARE EQUIVALENTS (NUMBER OF LANES AT LANE WIDTH)
1@ 12' 1.5 e 12' 2 e 12 3 e 10 3 e 3 e 12
CR | LS | CR | LS CR | LS | cRr LS | CcR | LS | CR | LS
5000 NC 0 0 0 0 0 0 0 0 0 0 0 0
3273 2.0 42 | 42 | 52 52 | 63 63 | 69 69 76 | 76 | 83 | 83
3039 2.1 42 | 44 | 52 55 | 63 66 | 69 73 76 | BO | 83 | 87
2820 2.2 42 | 46 | 52 57 | 63 69 | 69 76 76 | 84 | 83 | 92
2612 2.3 42 | 48 | 52 60 | 63 72 | 69 80 76 | 88 | 83 | 9
241 2.4 42 | s0 | 52 63 | 63 75 | 69 83 76 | 92 | 83 | 100
2209 2.5 42 | 52 | 52 65 | 63 78 | 69 87 76 | 95 | 83 | 104
2010 2.6 42 54 | 52 68 63 81 69 90 76 99 83 | 108
1839 2.7 42 | 56 | 52 70 | 63 84 | 69 94 76 | 103 | 83 | 12
1689 2.8 42 | 58 | 52 73 | 63 87 | 69 97 76 | 107 | 83 | 16
1557 29 42 | 60 | 52 75 | 63 90 | 69 | 100 | 76 | 10 | 83 | 120
1439 3.0 42 | 63 | 52 78 | 63 94 | 69 | 104 | 76 | 14 | 83 | 125
1332 3.1 42 | 65 | 52 81 63 97 | 89 | w07 | 78 | n8 | 83 | 129
1236 3.2 42 | 67 | 52 83 | 63 | 100 | 69 m 76 | 122 | 83 | 133
148 3.3 42 69 | 52 86 63 103 69 14 76 126 83 | 137
1066 3.4 42 71 | 52 88 | 63 | 106 | B9 18 76 | 129 | 83 | 141
989 3.5 42 | 73 | 52 91 63 | 109 | 69 121 76 | 133 | 83 | 145
916 3.6 42 | 75 | 52 94 | 63 | M2 | 69 | 125 | 76 | 137 | 83 | 149
845 3.7 42 | 77 | 52 96 | 63 | M5 | 69 | 128 | 76 | 141 | 83 | 154
774 3.8 42 | 79 | 52 99 | 63 | m8 | 69 | 132 | 76 | 145 | 83 | 158
698 3.9 42 81 | 52 101 | 63 | 122 | 689 | 135 | 76 | 148 | 83 | 162
563 4.0 42 | 83 | 52 104 | 63 | 125 | 89 | 138 | 76 | 152 | 83 | 166

NOTE:
CR AND LS VALUES IN FEET.

FOR PAVEMENT WIDTHS GREATER THAN
72 FEET USE LS VALUES DEVELOPED BY
THE DESIGN SOFTWARE.

LISTED RADIUS IS THE MINIMUM ALLOWABLE
RADIUS FOR THE CORRESPONDING E, CR,
AND LS VALUES.

TC-5.01

TRANSITION CURVES
40 MPH DESIGN SPEED

VIRGINIA DEPARTMENT OF TRANSPORTATION

URBAN
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TC-5.01

DESIGN FACTORS FOR A DESIGN SPEED OF 45 MPH

(URBAN) USING E= 47 MAX.

PAVEMENT WIDTH
RADIUS £ 24 FT | 36 FT | 48 FT | 60 FT 66 FT 72 FT
(FEET) 7 DESIGN SOF TWARE EQUIVALENTS (NUMBER OF LANES AT LANE WIDTH)
1@ 12' 1.5 @ 12' 2 @ 12" 3@ 10 3 e 3e 12
CR |Ls CR LS CR LS CR LS CR LS CR LS
6000 NC 0 0 0 0 0 0 0 0 0 0 0 o
4076 2.0 45 | 45 | 56 56 67 67 75 75 82 82 89 89
3790 2.1 45 | 47 | 56 59 67 70 75 78 82 86 89 94
3523 2.2 45 | 49 | 56 62 67 74 75 82 82 90 89 98
3271 2.3 45 | 52 | 56 64 67 77 75 86 82 94 89 103
3029 2.4 45 | 54 | 56 67 67 80 75 89 82 98 89 107
2790 2.5 45 | 56 | 56 70 67 84 75 93 82 102 | 89 12
2552 2.6 45 | 58 | 56 73 67 87 75 97 82 106 | 89 16
2341 2.7 45 | 60 | 56 75 67 90 75 100 82 10 89 120
2155 2.8 45 | 63 | 56 78 67 94 75 104 82 15 89 125
1990 2.9 45 | 65 | 56 81 67 97 75 108 82 19 89 129
1843 3.0 45 | 67 | 56 84 67 100 75 12 82 123 | 89 134
1710 31 45 | 69 | 56 87 67 104 75 15 82 127 | 89 138
1589 3.2 45 | 72 | 56 89 67 107 75 19 82 131 89 143
1477 3.3 45 | 74 | 56 92 67 10 75 123 82 135 | 89 147
1374 3.4 45 76 56 35 67 14 75 126 82 139 89 152
1276 35 45 | 78 | 56 98 67 n7 75 | 130 82 143 | 89 156
184 3.6 45 | 80 | 56 100 | 67 120 75 134 82 147 | 89 160
1093 3.7 45 | 83 | 56 103 | 67 124 75 138 82 151 89 165
1003 38 45 | 85 | 56 106 67 127 75 141 82 155 | 89 169
905 39 45 | 87 | 56 109 | 67 130 75 145 82 159 | 89 174
730 4.0 45 | 89 | 56 12 67 134 75 149 82 163 | 89 178

NOTE:
CR AND LS VALUES IN FEET.

FOR PAVEMENT WIDTHS GREATER THAN
72 FEET USE LS VALUES DEVELOPED BY
THE DESIGN SOF TWARE.

LISTED RADIUS IS THE MINIMUM ALLOWABLE
RADIUS FOR THE CORRESPONDING E, CR,
AND LS VALUES.

802.30

TRANSITION CURVES
45 MPH DESIGN SPEED

- URBAN
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DESIGN

FACTORS FOR A DESIGN SPEED OF 50 MPH
(URBAN) USING E- 4 Z MAX.

PAVEMENT WIDTH

RADIUS £ 24 FT | 36 FT | 48 FT | 60 FT | 66 FT 72 FT

(FEET) 2] DESIGN SOFTWARE EQUIVALENTS (NUMBER OF LANES AT LANE WIDTH)
1@ 12 1.5 e 12' 2 @ 12 3@ 10 3@ 11 30 12
CR [LS | CR LS CR | LS CR | LS CR | LS CR |LS

8000 NC 0 0 0 0 0 0 0 0 0 0 0 0
4792 20 | 48 | 48 | 60 60 72 | 72 80 | 80 88 | 88 | 96 | 96
4629 2.1 48 | 51 60 63 72 | 76 80 | 84 88 | 93 | 96 | 101
4310 22 | 48 | 53 | 60 66 72 | 80 80 | 88 88 | 97 | 96 | 106
4010 23 | 48 | 56 | 60 | 69 72 | 83 80 | 92 88 | 102 | 96 | M
3723 24 | 48 | 58 | 60 72 72 | 87 80 | 96 88 | 106 | 96 | 116
3444 25 | 48 | 60 | 60 | 75 72 | 90 80 | 100 | 88 | 110 | 96 | 120
3166 26 | 48 | 63 | 60 78 72 | 94 80 | 104 | 88 | 15 96 | 125
291 2.7 48 | 65 60 81 72 98 80 108 88 | 19 96 | 130
2686 2.8 48 | 68 60 84 72 101 80 12 88 | 124 96 | 135
2486 29 | 48 | 70 | 60 87 72 | 105 | 80 | M6 | 88 | 128 | 96 | 140
2306 3.0 |48 | 72 | 60 90 | 72 | 108 | 80 | 120 | 88 | 132 | 96 | 144
2143 3.1 48 75 60 93 72 nz 80 124 88 | 137 96 149
1994 3.2 48 | 77 60 96 72 16 80 128 | 88 | 141 96 | 154
1857 3.3 48 | 80 60 99 72 19 80 132 88 | 146 96 | 159
1729 34 | 48 | 82| 60 | 102 | 72 | 123 | 80 | 136 | 88 | 150 | 96 | 164
1608 35 | 48 | 84| 60 | 105 | 72 | 126 | 80 | 140 | 88 | 154 | 96 | 168
1493 36 | 48 | 87| 60 | 108 | 72 | 130 | 80 | 144 | 88 | 159 | 96 | 173
1381 37 | 48 | 89 | 60 | 1M 72 | 134 | 80 | 148 | 88 | 163 | 96 | 178
1268 38 | 48 | 92 | 60 | 114 72 | 137 | 80 | 132 | 88 | 168 | 96 | 183
1146 39 | 48 | 94 | 60 | 17 72 | 141 80 | 156 | 88 | 172 | 96 | 188
929 4.0 48 | 96 | 60 120 72 | 144 80 | 160 | 88 | 176 | 96 | 192

NOTE:
CR AND LS VALUES IN FEET.

FOR PAVEMENT WIDTHS GREATER THAN
72 FEET USE LS VALUES DEVELOPED
BY THE DESIGN SOFTWARE.

LISTED RADIUS IS THE MINIMUM ALLOWABLE
RADIUS FOR THE CORRESPONDING E, CR
AND LS VALUES.

TC-5.01

TRANSITION CURVES

URBAN

50 MPH DESIGN SPEED

VIRGINIA DEPARTMENT OF TRANSPORTATION

802.31




TC-5.01
DESIGN FACTORS FOR A DESIGN SPEED OF 55 MPH
(URBAN) USING E-= 4/ MAX.
PAVEMENT WIDTH
RADIUS £ 24 FT | 36 FT | 48 FT | 60 FT 66 FT 72 FT
(FEET) 2 DESIGN SOFTWARE EQUIVALENTS (NUMBER OF LANES AT LANE WIDTH) NOTE:
1e 12 15 @ 12 2 e 12 3@ 10 e 3@ 12 CR AND LS VALUES IN FEET.
R [ts |R |1s |cR |Ls |CR |Ls [cR |LS |cR LS DS FEET USE LS. WALUES BEVELOPED
10000 e 0 o o o o o o o o o o o BY THE DESIGN SOF TWARE.
ssws [ 20 [ 5o [ o2 [ e [ e [ [ o7 [ s [ oo [ oo [ on [ w5 [ ] S mouss g s uiowis
5592 2.1 52 | 54 | 64 68 | 77 81 86 90 | 94 | 99 | 103 | 108 AND LS VALUES.
5218 2.2 52 | 57 | 64 71 77 85 86 94 | 94 103 | 103 | 13
4869 2.3 52 | 59 | 64 74 | 77 89 86 98 | 94 108 | 03 | 118
4538 2.4 52 | 62 | 64 77 | 77 92 86 | 103 | 94 13 | 103 | 123
4220 2.5 52 | 64 64 80 77 96 86 107 94 18 | 103 128
3909 2.6 52 | 67 | 64 83 | 77 100 | 8 | m 94 122 | 103 | 133
3610 2.7 52 | 69 | 64 87 | 77 104 | 8 | 115 94 127 | 103 | 138
3343 2.8 52 | 72 64 90 77 108 86 120 94 132 | 103 143
3104 2.9 52 | 75 | 64 93 | 77 m | 86 | 124 | 94 136 | 103 | 149
2888 3.0 52 | 77 | 64 9% | 77 s | 86 | 128 | 94 141 | 103 | 154
2691 3. 52 | 80 | 64 99 | 77 m9 | 8 | 132 | o4 146 | 103 | 159
2510 3.2 52 | 82 | 64 103 | 77 125 | 86 | 137 | 94 150 | 103 | 164
2343 3.3 52 85 64 106 77 127 86 141 94 155 | 103 169
2186 3.4 52 | 87 | 64 09 | 77 131 | 8 | 145 | 94 160 | 103 | 174
2037 3.5 52 | 90 | 64 w2 | 77 135 | 86 | 149 | 94 164 | 03 | 179
1895 3.6 52 | 92 | 64 wo| 77 138 | 86 | 154 | 94 169 | 103 | 184
1756 3.7 52 | 95 | 64 e | 77 142 | 86 | 158 | 94 174 | 103 | 189
1615 3.8 52 | 98 64 122 77 146 86 162 94 178 | 103 195
1462 3.9 52 100 64 125 77 150 86 166 94 183 | 103 200
1190 4.0 52 | 103 | 64 128 | 77 54 | 86 | 171 94 188 | 103 | 205
TRANSITION CURVES - URBAN

802.32

55 MPH DESIGN SPEED

VIRGINIA DEPARTMENT OF TRANSPORTATION




DESIGN FACTORS FOR A DESIGN SPEED OF 60 MPH
(URBAN) USING E= 4 7 MAX.

TC-5.01

PAVEMENT WIDTH

NOTE:

CR AND LS VALUES IN FEET.

FOR PAVEMENT WIDTHS GREATER THAN
72 FEET USE LS VALUES DEVELOPED BY

THE DESIGN SOF TWARE.

LISTED RADIUS IS THE MINIMUM ALLOWABLE
RADIUS FOR THE CORRESPONDING E, CR,

89 | 125 | 98 | 137 | 107 | 150 AND LS VALUES.

RADIUS E 24 FT | 36 FT | 48 FT | 60 FT | 66 FT 72 FT
(FEED 2 DESIGN SOFTWARE EQUIVALENTS (NUMBER OF LANES AT LANE WIDTH)
10 12° 1.5 @ 12' 2 @ 12" 3@ 10 3@ 11 30 12
CR |LS | CR | LS | CR | LS |CR | LS |CR |[LS | CR | LS
10000 NC |o 0 0 0 0 0 0 0 0 0o |o 0
7131 20 |54 |54 |67 |67 |80 |80 |8 | 8 |98 | 98 | 107 | 107
6663 21 |54 |56 | 67 | 70 | 80 |84 |89 | 94 | 98 | 103 | 107 | m2
6232 22 |54 |59 | 67 74 80 | 88 89 | 98 | 98 | 108 | 107 | M8
5829 23 |54 |62 | 67 | 77 | 80 | 92 |89 | 103 |98 | n3 |107 | 123
5451 24 |54 | B4 | 67 |8 | 80 | 96 |89 | 107 |98 | 18 | 107 | 128
5092 25 |54 |67 | 67 84 80 100 | 89 12 | 98 123 | 107 | 134
4746 26 |54 |70 | 67 | 87 | 80 | 104 |89 | M6 | 98 | 128 | 107 | 139
4408 2.7 54 72 67 90 80 108 89 120 | 98 132 | 107 144
4098 28 |54 |75 | 67 | 94 | 80 | M2
3818 29 |54 |78 | 67 | 97 | 80 | M6 | 89 | 129 | 98 | 142 | 107 | 155
3563 30 |54 |80 | 67 | 100 | 80 | 120 | 89 | 134 | 98 | 147 | 107 | 160
3330 3.1 54 | 83 | 67 104 | 80 | 124 | 89 | 138 | 98 | 152 | 107 | 166
3114 32 |54 |86 | 67 | 107 | 80 | 128 | 89 | 143 | 98 | 157 | 107 | 71
2913 33 |54 |88 | 67 | 10 | 80 | 132 | 89 | 147 | 98 | 162 | 107 | 176
2724 34 |54 |91 | 67 | M4 | 80 | 136 | 89 | 152 | 98 | 167 | 107 | 182
2544 35 |54 |94 | 67 | 17 | 80 | 140 | 89 | 156 | 98 | 172 | 107 | 187
2372 36 |54 |96 | 67 | 120 | 80 | 144 | 89 | 60 | 98 | 176 | 107 | 192
2202 37 |54 |99 | 67 | 124 | 80 | 148 | 89 | 65 | 98 | 181 | 107 | 198
2030 38 |54 [102] 67 | 127 | 80 | 152 | 89 | 1©9 | 98 | 186 | 107 | 203
1842 39 |54 | 104| 67 | 130 | 80 | 156 | 89 | 174 | 98 | 191 | 1p7 | 208
1505 4.0 |54 | 107 67 134 | 80 | 160 | 89 | 178 | 98 | 196 | 107 | 214

TRANSITION CURVES - URBAN

60

MPH DESIGN SPEED

VIRGINIA DEPARTMENT OF TRANSPORTATION 802.33




'SINTIVA M ANV "ST°H0 "3 ONIONOJS3YYO0D 3HL ¥0O4 SNIQVY 31gYMOTTIV. WNWINIA 3HL SI SNIAvY Q3LSIT "L334 NI S3NWA M B S7°40

7C-5.01 |

. gy
:3LON 53
w.r
zot | v o [ 6c [ z6 |0z | 8o [ 9% |go | 6 | 95| ost [ 8 [o99 [ v [ oc [ oz ] 6] s |08 soL | 5%
09 | v | 1SF | 6f | 9Z [ %S¢ | S9 [ 8% | 6w | 8¢ | 9% | v¥l | /¢ |8G |Bel | Gt | 89| €EL| v% | 64 vzl
8ol | v | 6vL | 65 | OZ [ 9% | #3 [ G¢ | Govl | 8¢ | G | 0% |9 | S5 |oel | ot | 99| 08t [ w5 |82 3
ol | 1v | 4wl | 65 | 99 |65C | €9 | ©% |cw | 8e | ©¥ | Z50 | 9¢ [ ¢S | esr | S¢ | 9] La | ¢5 | /4 61
vSl | v | vl | 65 | €9 [$5¢ | 29 | Vs |owt | Z¢ | V¥ | Ser | 9¢ | LG |6z | e | 19| ver | ¢t | 97 9%l
ZSL | v | cvl | 65 | 8G |Zec | 9 | 6C | 4L | 4c | 6% | <8l | 9¢ | 6v | Zzr | ve | 66 | ¢2l | s¢ | G4 zal
0GL | v | 1wt | 6¢ | 9G [¢eC | 09 [ 8¢ | vel | £¢ | 8¢ [ 6ek |G [8v% | wel | ve | 8G | 60 | ¢¢ | vz E
1°34 54 vl 68 'S | LT 09 9¢C 4% LS 9'¢ LcL G¢ 9'v ZZL 14 96 LLL ¢ eL ol
9v1 | 1v | 8cL | 66 | 0G |2z | 66 [ SZ |6zl | 9¢ | G¢ [ G2 |6 [Gv |0z | ve | GG | Gn | ¢t [ ¢4 oL
Pyl | Ly | 9¢L | 68 | 9% | 90C | BS | €C |tz | 9¢ | €¢ |22l | sg [g€v | LU | g¢ cc| cl | zg | 1L 9LL
Tyl | b | vel | 6f | v¥ |20z | BS [ 2¢ |wer | 9¢ | €% |02 |G |ew | on | ¢ | 2G| OL | g |0« 8l
OVl | v | eeL | 66 | ¢v [ 86L | 8S | v¢ |zer | 9¢ | Ls |8 |ce |1y | en | ec | 16| 80| z¢ |69 681
8ci | 1v | ocL | 6c | Ov |6t | £G [0Z [0z | 9¢ | 0% [ S [ ve [ow | w | e | 0G| 900 | z¢ | 89 96!
9¢1 | v | 8¢L | 6¢ [ 8% |68 | 26 [ 00 |60 | ¢¢ | 6¢ | €0 | ve [6¢ |60l | 6¢ | 6v | ¥OL | 2¢ | 29 202
vl | 1w | 92l | 6¢ | 9¢ [ S8l | 4G |00 |soL | ¢c | 8¢ | W | we |8¢ | /ol | ¢ | ev | o] ig | 99 602
Zel| v | ver | 6% | ve [ 18k | 95 |00 |90 | ¢¢ | L€ [ 60L [ ve [, [GOL| g€ | ¥ | OO| 1g |69 [z
051 | 1v | cer | 66 | 2% | £L0 | 95 [ 00 [ woL | ¢¢ | 9¢ [ Z00 [ ve [9¢ |cor [ ¢ | 9v | 86 | I1f | v9 sz
82l | v | OcL | 6% | OF | /L | GG [ 00 | g0 | ¢¢ | G2 [ GO [ ve [Ge¢ [ 1ol [ ¢¢ | Gv | 96 [ 1g |¢9 z5e
9z1 | v | 61l | 65 | 8¢ |69 | SS | Q0 | oL | ¢¢ | ¥Z | SO0 [ ve |[v€ | 66 | 2f | v¥ | ¥6 | 1¢ | 29 oz | |
vZl | v | 4L | 65 | 9¢ |69l | GG |00 | 66 | €5 | €< | 100 | vs % | 46 | 2c | sv ] 26 | v |19 8ve | <
zzt| 1w | G | 6s | ve [Vl | ¥S |00 | 86 | ¢c | ¢¢ | 66 |5 |ev | 66 | er | zv | 06 | or | 09 85C |
0zL | v | e | 65 | 2¢C | £Sh | vS [ 00 | 96 | €¢ | V2 | 26 |ec |1r | w6 | et | v | 68 | It | 6% 59z | =
B | v | W | 68 | 0C |Gl | €6 [ 00 | 66 | ¢ | 0¢ | G6 |ec |oc | 16 | 2c | Ov | Z8 | of | 8% 9z O
9L | 1v | 60l | 65 | 00 [6st | 6v [ 00 | w6 | ¢ | 00 | S8 |of |6z | 68 | ¢v | 6¢ | S8 | of | £ 9z | (0 Ll
¥l | v | ZOL | 65 | 00 [ Z8L | 6v |00 | 16 | ¢v | 00| ¥8 |or |6¢ | 48 | ¢¢ | 6¢ | €8 | 0¢ | 9% 162 Ll 2
Zu | 1v | oL | 6t | 00 | vl | 6v |00 | 06 | cc | 00 | 28 |o0f |z | o8 | it | 8¢ | 28 | of | &% 80¢ QA=
Ol [ 1v [ oL | 66 | 00 [cst | 6 [00 [ 88 | ¢¢ [ 00| 18 [0f |zz | €8 | ¢ | €] 08 | of | v ozg nx
801 | v | lor | 65 | 00 | 62 | 6v |00 | 98 | ¢ | 00 | 6 | of |9z | 18 | it | 95| 8 | o | ¢% e | D s
901 | 1v» [ 00 | 65 | 00 | /e | 6v [ 00 | 68 | ¢¢ |00 | 8 |of |Gz | 08 | i¢ | Ge| 9/ | o¢ | ¢S sve | Ll — 2
v0L | 1v | 86 | 65 | 00 | GeL | 6v | 00 | €8 | ¢¢ | 00| 92 | of |Gz | 8 | & | €| G | of | t'G g | > S5 E
2ol 1y | 96 | 6¢ | 00 |zzt | 6v |00 | 28 | £¢ [ 00| SZ [0f [vz | 9 | 1& | ve| ¢z [ of | 0% 7
001 | v | ¥6 | 65 | 00 |0zl | 6v | 00 | 08 | ¢¢ | 00 | S |0of |¢2 | v/ | ¢ | €€ | 1L | 62 | 67 see | = () °©
86 | v | 26 | 65 | 00 | i | 6v |00 | 8 | £¢ | 00 | ¢ |of |¢2 | € | ¢ | ££] o | of | 8% 667 =
96 | 1v | 06 | 6¢ [ 00 | G | 6v [00 | £¢ | ¢¢ [00] Oz [o¢ ez | 1z [ 1§ | ze] 83 | 62 | L% oy | O N g
%6 | Ly | 88 | 65 | 00 | ¢i | 6v | 00 | G2 | £¢ | 00 | 69 |0f |zz | 69 | 0¢ | 25| 99 | 62 | 9% 2y =
26 | 1v | 98 [ 65 |00 | Ol | 6v |00 | s | ¢¢ [ 00| £9 [0f [1c | 89 [ 1¢ | Ls | G9 | 62 | S¥ vy | = =z
68 | 1v | ¥8 | 65 | 00 | 80 | 6v | 00 | ¢Z | £¢ | 00| 99 [ 0f [0z | 99 | 0 | 05| 9 | 62 | v'¥ sy 1o =4
/8 | 1v | 28 | 65 | 00 | GO | 6v |00 | 0Z | £¢ | 00| ¥9 [0f |0z | 9 | 0 | 05| 29 | 62 | ¢+ v | = O <
S8 | 1v | 08 | 65 | 00 <o | 67 | 00 | 69 | ¢¢ | 00 | 9 |of |0z | ¢9 [ 0c | oe| 09 | 62 |z 6y | — = 2
c8 | v | 6 | 6 | 00 |00 | 6¥ | 00 | 49 | ¢¢ |00 | 19 |0f |00 | 95 | 8z | 62| 09 | ot | L 905 | (A 2
18 | v | £Z | 65 | 00| 86 | 6v |00 | 69 | ¢¢ |00 | 09 |oc |00 | sc | 8z | 62| 09 | or | o¥ s | S o
6 | 1v | SZ | 65 | 00| G6 | 6v |00 | ¢3 | £¢ | 00| 85 |of |00 | €5 | 8¢ | 82| 09 | it | 6% <vS
(| v | £ | 65 |00 | w6 | 6v |00 | ¢3 | £¢ | 00| ZS | of |00 | ¢5 | 8¢ | 82| 09 | ¢¢ | 8¢ zc | L N
S/ | ww | W2 [ 6f [ 00| 06 | 6v |00 | 09 | ¢¢ | 00| S5 |of |00 | 05 |8z | 2| 09 | ¢t | /% zes | 7
e | v | 69 [ 6c [ 00| 88 | 6% |00 | 66 | ¢¢ | 00| ¥S | of |00 | 6v | 82 | 22| 09 | #¢ | 9% v09 |
. | 1 | 49 | 65 | 00| 98 | 6v | 00 | 5 | ¢¢ |00 | €S | of |00 | 8v | 8z | 92| 09 | ¢ | s¢ 929
69 | 1v | S9 | 6F | 00| ¢8 | 6v |00 | 95 | ¢¢ | 00 | 'S [of [00 | 9v [ 8¢ | 92| 09 | 9¢ | ve 059
29| v | ¢9 [ 6 00| 18 | 6v [00 | ¥S | ¢¢ [ 00| 05 [o¢ [00 | 6v | 8¢ | Gz | 09 | € | ¢¢ vi9
59 | 1v | 19 | 6 00| 8 | 6v [00]2S [ ¢¢ [00] 8 [o¢ [00 | vv [ 82 | Ge| 09 | 8¢ |e¢ 1oL
c9 | 1y | 09 | 65 | 00| 9, | 6v |00 | 16 | ¢¢ | 00| Z¥v [0f |00 | ev | 8¢ | Gz | 09 | 6¢ | I'¢ 62/
19 | v | 8 | 6 [ 00| ¢/ [ 6v [00 |6y [ ¢¢ 00| G¥ [0 [00 | v [ 8¢ | ve| 09 | Ov | O¢ 657
6G | 1v | 95 | 65 | 00| iz | 6v |00 | 8y | ¢¢ | 00| ¥¥ [ of |00 | Ov | 8¢ | v¢| 09 | zv | 6¢ 067
LS| v | ¥S | 67 | 00| 69 | 6v |00 | 9v | ¢¢ | 00| ¢ [of |00 | 8¢ | 8¢ | ¢€2| 09 | ¢v | 8¢ 28
SS | 1w | ¢S5 | 65 | 00| 93 | 6¥ | 00 | v+ | ¢¢ |00 | v |0 |00 | /¢ |82 | €2] 09 | Sv | /¢ 098
S | 1w | 05 | 65 |00 | ¥9 | 6¥ |00 | c¥ | ¢ |00 | 68 |0of |00 | 9 |8z | £2] 09 | /v | 9¢ 668
IS | v | 8v | 6 | 00| 19 | 6v |00 | v | ¢¢ |00 | 8¢ |0f |00 | e | 8z | ¢z | 09 | 8v |62 176
6% | v | 9v | 65 | 00 | 6G | 67 | 00 | 6¢ | ¢¢ | 00 | 95 | of |00 | ¢c | 8z | zz| 09 | 05 | vz 86
Zv | 1w | vv | 6 [ 00 95 | 6v |00 | 8F | ¢¢ [ 00| G [oc |00 | e¢ [ 8z | vtz | 09 | ¢5 | ¢¢ 9goL
Sy | 1w | ev | 65 |00 | #S | 6v |00 | oc | ¢ |00 | €€ |of |00 | oc | sz | 1z | 09 | s | ce 060L
cv | 1w | Ov | 65 | 00 | 25 | 6v |00 [ 6¢ | ¢¢ [ 00| 28 |of |00 | 62 | 82 | 12| 09 | 85 | v¢ g7l
v | 1w | 65 | 65 | 00 | 6v | 6v | 00 | ¢t | ¢¢ |00 | O | of |00 | 8z | 8¢ | 0z | 09 | 09 | 0% cizL
0 [ 0o [ o loolo [ o]oo] oo oo o o Joo|olo [oo] o] o [oN 0081
silw [si[w [ wsn[w] n[s1] @] w [ ]9 [ w [s1]w] o[ s1] ¥ |w3fdisnay
14 8l 14 9l ZL 9l .zl ol Aol Ol oL 6 9l 0z-
HL1aIm (HLAIM 3NV LV S3NVT 40 ¥38NNN) SLINIIVAINOI 3¥vML40S NIOIS3A ALIDOT3A <
SJAVY 3ONVHON3INI | 13 8¥=HIAOM | 13 vZ-HLAM | 13 zz-HLAM | 13 OZ-HLAM | L3 81 -HLAIM N9IS30 ¢
XYW 78 =3 ONISN (IWINA) HAWN 0¢ 40 d33dS NOIS3A V d04 SYO1LIV4 NOIS3A ?




TC-5.01

n
2
SINWA 4 ONV'ST7¥0 '3 ONIONOJSIIH0D IHL ¥04 SNIOVY JIGVMOTIY ANIN HL SI SOV GILSIT "1334 NI SINWA A % S]°80 w.
B [o¢]
Zi [ cv [0 | ov [ 96 [ vz | %9 [ 82 | vot | 62 | 8¢ [8vt | 2¢ [av [evl | o5 | @G 95l | v |08 |zl
O | ¢v | 8G | ov | 9% [evg | 29 [ c¢ | 6% | 85 | % [evl | ¢ | o | 8a | 66 | €6 |est | vs |62 | 961
891 | ev | 950 | Oov | ¢ | 95¢ | 19 | V¢ | 9%l | 8¢ | LT | Ovl | 95 | Iv | GfL | 66 | TS [ 6eL | vs |8 | 60¢
Sol [ cv | vo | ov | 0¥ [1sg | 09 [0c | vk | 85 | 0F |86l | 95 | 0¥ | 25t | o5 | 0G [cet | 55 |24 | 6le
col | ev | 2ol | ov | 9% [ Gz | 09 |00 | 161 [ G¢ | 8¢ | Gel | 95 | 8¢ | 0% | 66 | 8¥ | vel | e | 9L | eee
oL | cv | 06l | ov | ¥ | leg | 66 |00 | 62t | o6 | Z¢ |5t | 9 | % | zav | ve | Lv |zet | g5 [SZ | 6¢
651 | ¢v | 8wl | Ov | 2% | 912 | 6G |00 | Z2t [ G5 | 9¢ |16t | 95 | 9% | Ga | v¢ | 9% [ozl | ef |vi | seve
Lo | cv | 9vi | ov | 0% | 2iz | 66 |00 |92l | o¢ | <z |82l | 9 | o¢ | ez | v§ | S¥ |8n | e¢ |£z | sse
GGl %4 vl oy 8¢ L02 8G 00 vl G¢ v'C | 9¢Cl S¢ v'e Lzl 14 Y| all ¢¢ | 2L L9
co. | ¢v | 2vl | ov | 9 [0z | 8 |00 | el [ of | ez |wel | o8 | €€ | 6 | ve | ©¥ [ vu | €€ |1z | ocz
0G| ¢v | ovl | ov | vz | 86l | /G |00 |Oct | S5 | 22 | et | of | 2% | on | ve | v | UL | zs |0z | 9se
8yl | ¢v | 861 | ov | ¥Z | 96L | 46 |00 | 6k | o |z o0& | oc |z | o | ve | ¢v | ow | ec |69 | G6e
ov, | ¢v | 95 | Oov | 22 | t6t | 4G |00 | Z0 [ ¢ | vz | 8w | of | ve | u | ve | vv [0l | z¢ |89 | <ot
vyl | ¢v | vel | Ov | 0¢ | £8BL | 95 |00 | G0 | G5 | 02 | G | G& | 0% | W | ¥§ | Ov |90 | 2¢ |29 | G
Zvl | ¢v | ¢el | ov | 00 [0zt | 26 |00 | wb | G5 | 00 | voi | 2¢ | 6¢ | 80L | €5 | 6% | v0i | ¢¢ |99 | 9cs
0vl | ¢v | Ol | oy | 00 | 89 | 25 |00 | 2 | G¢ | 00 [¢0l | 2 | 6¢ | 500 | ¢¢ | 6¢ | 2ot | 26 |59 | oe¢
gcL | ¢v | 82 | ov | 00 | 6oL | ¢6 |00 | o0 | G¢ | 00 | 1oL | 2¢ | 8¢ | GO | €5 | gL 00l | ef |v9 | cve
Sel | ev | 92t | ov | 00 | 290 | 26 |00 | 90L [ G¢ | 00 | 66 | 26 | Z¢ | 0L | ¢¢ | €[ 86 | 25 |£9 | 66¢ g
ceL | ¢v | vel | ov | 00 [ 09l | ¢6 |00 | Z0L | G¢ | 00 | 86 | 28 | ZZ | ton | §5 | L€ | 46 | ef |¢9 | s =
el | cv | 22 | ov | 00 | /5t | ¢5 |00 | Gor | G¢ | 00 | 96 | ¢¢ | 9¢ | 66 | ¢¢ | 9¢ | 6 | 25 |19 | s8¢
620 | cv | 02 | ov | 00 | G5l | ¢ |00 |0l [ o6 | 00 | 56 | 28 | S¢ | 46 | €5 | ¢ |6 | t& |09 | o6s a
120 | £v | 84 | ov |00 | 25 | ¢G5 |00 |20l | G5 | 00 | 6 | 25 [ G¢ | G6 | 55 | S€ | 16 | it |65 | 60¥ o0
Gz | sv | 9% | ov | 00 | OGL | ¢G |00 | 00L [ G¢ | 00 | ¢6 | ¢5 | ¥¢ | €6 | ¢¢ | ve |68 | it [8c | < o Ll
¢zl [ ¢v | v | ov |00 | Zvi | 25 |00 | 86 | o€ | 00 | 06 | 2¢ | vz | 26 | €5 | ¥¢ |88 | It |z5 | i L 5
0zl | ¢v | 2o | ov | 00 [ ¥¥ | 26 |00 | 96 [ G¢ | 00 [ 88 | 28 | £C | 06 [ ¢¢ | €€ 98 | it |95 | eov AN
81 | cv | 00 | ov | 00 | 2wt | 2c |00 | o6 | o¢ |00 [ 8 | 2¢ |[zc | 88 | 2¢ | ¢¢ | w8 | it |55 | sov N k&
9 | cv | 80 | ov | 00 | 65L | 26 |00 | %6 | G5 | 00 | 8 | ¢¢ | 2¢ | 98 | 25 | 2€ |28 | ¢ |vs | scsv %0) 9
v | cv | 90L | ov | 00 | Zet | ¢c |00 | 16 | o |00 | #8 | 2¢ | ve | ¥8 | e¢ | v¢ |08 | it |cs | zo0s Ll = 2
Zi | ©v | voL | Ov | 00 | ¥eL | 26 |00 | 06 | G5 | 00 | 28 | 2t | V2 | €8 | ¢5 | £ |08 | it |¢S | el = =
ou | ¢v | 20 | ov | 00 | zet | ec |00 | 88 | o |00 [ 8 | ¢ |[oc | 18 | ¢¢ | 0¢ |08 | et [vs | <55 O -
80l | ¢v | 00L | Ov | 00 | 62t | 25 |00 | 98 | G¢ | 00 | 6 | 2¢ | 0¢ | 08 | ¢¢ | 0f | 08 | 2¢ |0S | 956 A s
SOl | ¢v | 86 | Oov | 00 | 92t | ¢ |00 | #8 | G5 | 00 | ZZ | 2t |00 | 0 | 62 | 62| 08 | e¢ |6 | £.5 e
SOl | ¢v | 96 | ov | 00 | ¥2t | ¢G5 |00 | €8 [ G¢ | 00 | 92 | ¢t |00 | 69 | 6¢ | 62| 08 | v¢ 8% | 265 O &
0L | ¢v | ¥6 | ov | 00 | 1et | ¢G5 |00 | 18 | 66 |00 | #Z | ¢¢ |00 | 89 |6 | 6¢ |08 | ¢ [2v | a9 =
66 | cv | 26 | ov | 00 | 61 | 25 |00 | 6 | 65 |00 | 52 | 25 |00 | 99 | 62 | 8¢ | 08 | ¢ |9 | <259 = %
16 | sv | 06 | ov | 00 | 9 | 25 |00 | 8 | G [ 00 | | 2f |00 | G9 | 6c | 82|08 | 95 [Sv | 259 e I &
S6 | cv | 88 | ov | 00 | ¥ | 25 |00 | 92 | 6¢ [ 00 | 0z | 25 |00 | v9 | 62 | £2 |08 | 48 |vv | .9 =0 2
6 | ev | 98 | ov | 00 | WL | ¢S |00 | ¥Z | ¢ [ 00 | 89 | ¢¢ |00 | 29 | 62 | 2|08 | 8¢ |¢¥ | 969 — =S =
06 | cv | v8 | ov | 00 | 80U | 2G |00 | ¢ | 6% |00 | 99 | 25 |00 | 09 | 62 | ¢ | 08 | 68 |z | ozt % e
88 | ¢v | 28 | Ov | 00 | 900 | ¢G |00 | \Z | G¢ | 00 | G9 | ¢¢ |00 | 65 | 6¢ | 9¢ |08 | ov | 1v | v 0 >
58 | cv | o8 | ov | 00 | <0l | 26 |00 | 69 | o¢ | 00 | €9 | 2¢ |00 | 85 | 62 | 92 | 08 | ov |ov | 69z Z
ve | cv | 82 | ov | 00 | tor | 26 |00 | 8 | 62 [ 00 | 20 | 2¢ |00 | 95 | 62 | 92 [ o8 | zv |65 | 6L <t N
Z8 | cv | 92 | ov | 00 | 86 | 26 |00 | 99 | o¢ [ 00 | 09 | zc |00 | 65 | 62 | 52| 08 | ev |85 | ces e
08 | v | v, | ov | 00 | 96 | ¢ |00 | ¥9 | o5 | 00 | 66 | ¢ |00 | 55 | 6¢ | G2 |08 | vv |zt | eS8 —
8 | ¢v | 2. | ov |00 | £6 | ¢ |00 | 29 | G5 | 00 | /6 | ¢ |00 | 25 | 6¢ | v¢ | o8 | 5v |95 | <ess
GZ | ¢cv | oL [ ov [ 00| 06 | 25 |00 | 09 | G¢ |00 | G5 | ¢¢ |00 | 05 | 6¢ | v¢ |08 | 9v [sc | w6
S. | ¢v | 89 | Ov |00 | 88 | ¢ |00 | 66 | G& | 00 | ¥5 | ¢¢ |00 | 6% | 6¢ | v¢ |08 | 8v |vs | 8¥6
Iz [ ¢v | 99 | ov | 00| 8 | 25 |00 | 4G | o¢ |00 [ 2G | 2c |00 | 8v | 6c | €2 |08 | 6v |c¢ | ¢86
69 | ¢v | ¥9 | Oy | 00 | $8 | ¢G |00 | GG | G¢ | 00 | 16 | ¢¢ |00 | 9v | 62 | €2 |08 | 05 |cg | teol
29 | ¢v | 29 [ ov [ 00 | 08 | 25 |00 | ¥S | 6¢ | 00 | 6¥ | 2¢ |00 | o | 62 | €2 | 08 | 25 | vs | 190i
S9 | ¢v | 09 | ov | 00 | 8/ | 25 |00 | 25 | G¢ |00 | 8% | ¢¢ |00 | ¢v | 6¢ | ¢¢ | 08 | ¥5 | 0% | +wou
co | ¢v | 85 | ov | 00 | G2 | 26 |00 | 06 | 6¢ |00 | 9v | 25 |00 | ¢vr | 62 | 22|08 | 95 |6¢ | 6vl
09 | ¢v | 95 | ov | 00 | 27 | 25 |00 | 8% | 6¢ |00 | ¥ | 25 |00 | ov | 62 | ¢¢ | 08 | 85 |82 | 864
85 | ¢v | vS | ov | 00 | 0 | 26 |00 | v | G¢ | 00 | sv | 2¢ | 00 | 65 | 62 | V¢ |08 | 09 |c¢ | osel
95 | ¢v | ¢5 | ov | 00 | 79 | 25 |00 [ G¥ | ¢ |00 | w |2 |00 | 8 | 6¢ | V¢ |08 | 29 |9z | o9o%l
vS | ev | 05 | ov | 00 | G9 | ¢S |00 | §% | G¢ |00 | 0v | ¢¢ |00 | 9 | 6¢ | ¢ |08 | ¥9 | gz | 99l
7S | ev | 8v | ov | 00 | 29 | 26 |00 | ¢v | G¢ |00 | 8 | 25 |00 | G5 | 62 | V¢ |08 | 49 |vz | iswl
05 | ¢v | ov | ov |00 | 09 | 26 |00 | Ov | G¢ |00 | Zf | ¢ [ 00 | o5 | 62 | 02|08 | o |s¢ | cosl
8v | ¢v | v¥ | ov | 00 | 7 | 26 |00 | 8 | o¢ |00 | 6t | 2¢ |00 | zc | 62 | 02|08 | §Z |2z | 6.5
Sv | ¢v | 2v | ov | 00 | ¥5 | 26 |00 | 9 | G¢ | 00 | ¢¢ | ¢¢ |00 | 05 | 62 | 0¢ | 08 | 42 |1z | voal
cv | v | ov | ov | 00 | 25 | 26 |00 | o | 6¢ |00 | 2t | 2¢ |00 | 62 | 62 | 00 | 9z | 9z |0z | 954
0 | 0o lo [ o oo oo ool oo oo]lo o Joo| o] o [oo] o o [oN]| oose
sifw si[w[w][si]w|[a]s1i]uw[w][s1]w][n[sr]uw] ][0 [wafussnon|,
14 81 14 9l Wl 9 ¢ L ?l ol Ol 91 6 91l cz- .MW._
HL1QIM (HLAIM 3NVT LV S3INVT 40 ¥3IGANNN) SINITVAINOI IYYML40S NIIS3A ALIDOT3A mm
SIAVY 3ONVHONILNI | Ld 8v-HIAM | 14 $Z-HIAM | 14 zz-HiaM | 14 0Z-HLOM | L4 8L -HLOM NIIS3a g

XVN 78 =3 ONISN ((vdNd) HAW S¢ 40 033dS NOIS3A V J04 SYOLOV4 NIOIS3d




'SINTWA M ANV ‘ST °HO ‘3 INIONOJS3HY0D 3HL ¥O4 SNIAvY 318vMOTIV WNWININ 3HL SI SNIQvY G3LSIT "1334 NI S3NTVA # B ST°Y0

TC-5.01 |

=z
:31LON MW._
-4
=]
og [ sy [ [ ev [ge|esz] v9 [oo[on [ s [ 6z [ 1o [8c [6c [oon | c6 [ 6% |68 | 68 [o08] 152 |5
8/1 | Gv [ 69 | ¢ | 0f | sv¢ | 29 | 00 | vwk | 46 | Ge | /oL | 8s | 6% | vt | 9¢ | v | S5t | o¢ | 62| /8¢
90 | Sv | /90 | ¢v | 8¢ |85z | 29 | 00 | 2wl | Z¢ | we | Gv | 8¢ | v¢ | 66L | 95 | vy | eer | of |8/ | GOt
vl | Gv | 9 | ¢v | 9¢ |ee2 | 19 | 00 | 0wl | 45 | ¢C | ew | Z¢ | ¢ [9e | 95 [ e [ter | 58 | 22| ozs
L | Sv | ¢ | ev | vz |82z ] 09 | 00 |65 | ¢ | e | Ow | Z¢ | z¢ | wer | of | zv | 82t | ¥€ [ 97| wee
69L | Sv | 09 | ev | ¢ | vez | 09 | 00 | 450 | 45 | vZ | £ev | ¢ | ve |eet | 9f | vy |oer | ve |Gz | 8re
Zol | Gv | 8GL | ¢v |0z | 6lz | 09 | 00 | Sev | 26 | oz | oot | z¢ | O¢ | 62 | S€ | ow | vet | ve | vz | 19¢
SoL | Sv | 96 | €v | 00 | 00z | G5 | 00 | £t | Z¢ | 00 | car | ve | 6¢ | zev | G | 6% | cet | ve | ez | wic
Z9L | Gv [ ¥oL | ©v | 00 | 46t | G5 | 00 | et | Z¢ | 00 |0z | ¢ | e [Gal | 6f |8 | 6 | ve |z | 8%
o9t | Sv [ 2ot | ¢v | 00 | v6L | 65 | 00 |05t | /¢ |00 | 6 | v¢ | 8¢ | cer | o¢ |8 | 8w | v€ [ 1z | oor
851 | Gv [ 06t | €% [ 00 | 16l | 55 | 00 [8er | 2 |00 [ zn | v¢ | 2z et | 6¢ [ 2¢ [ o0 | v& |oz| ¥
95t | Sv [ 8wt | ¢v | 00 | 68 | G5 | 00 | 92 | /¢ |00 | o | v¢ | 9z | 6w | o¢ | 9¢ | ew | 55 | 69| sev
cGL | Gv | 9vt | ¥ | 00 | 98 | 65 | 00 | ver | £¢ | 00 | vi | ¥¢ | 9z | cw | 6¢ | 9¢ | en | ¢¢ | 89| vy
1Sl | Gv | ¢wi | ¢v | 00 | €8 | GG | 00 [ 2e | ¢ [ 00 | 2w | #¢ | Ge | G | 6¢ [ g¢ | ow | e¢ [ 29| oGr
6yl | Gv | vl | €% | 00 | 0BL | 65 | 00 | Oct | Z¢ | 00 | On | #¢ | 6z | ew | ¢ | G¢ [ 8or | ¢¢ | 99| 69
LvL | Gv [ 66l | ¢v | 00 | 821 | GG | 00 | 61 | Z¢ |00 [ 600 | #¢ | 2z | w | 6¢ | v¢ |90l | ¢f [ 69| wev
vyl | Sv | zev | ¢v | 00 | G20 | GG | 00 | 2 | ¢ [ 00 | 00 | v¢ | vz [ 600 | G¢ | v's | vor | 65 | v9 | 66¥
Zvi | Sv [ Gev | ev | 00 | 221 [ GG | 00 | o | Z¢ |00 [ GO | #¢ | g2 | zo0 | #§ | s [¢cor | s [¢9] SIS
07l | Gv | cer | ¢v [ 00 [ Ozt | 66 |00 | e | £¢ | 00 | vor [ v¢ | ¢¢ [ Sor | v¢ [ g5 [0 | €€ | g9 | 1£S
8e1 | Gv [ et | €% [ 00 | 9| 65 [ 00 | wr | Z¢ [ 00 [ 2o | #¢ | ze |cor | ¢ | z¢ |00 | ¢¢ | 19| 8% —
SeL | Sv [8er | ev | 00 | ¥90 [ G5 | 00 | on | ¢ |00 oo | v¢ | zz [ tor | ¥¢ | 2§ [oor | v€ | 09| 69 <
ol | Sv [ 921 | €v | 00 | 190 | S5 | 00 | 80 | Z¢ | 00| 66 | v¢ | tz |00 | ¥¢ | v's | ool | v¢ | 66| 85 e
IS | Gv | ver | ¢v | 00 | 66 | 65 | 00 | 9oL | Z¢ | 00 | £6 | ¥¢ | Lz |00l | S¢ | U's |00l | 6¢ | 8¢ | zo09 -0
6L | G¥ | cet | ¢¥ | 00 | 96 | 65 | 00 | voL | Z¢ | 00 | G6 | #¢ | oz ool | 9¢ | o |00t | 9t | zs| 129 oo
9zl | ov |0zt | ¢v | 00 | €6 | GG | 00 | 200 | Zs | 00 | 6 | »¢ | 0¢ | 00L | 95 | 0'c | 0OL | 9% | 96 | L9 Ll &
vzl | Gv [ 8 | ¢v [ 00 | 06 | 65 [ 00 | 0oL | Z¢ [ 00| 26 | v¢ | oz |oo | Z¢ | o¢ [oor | z¢ | o5 | €99 AT
zer | Gv [ ou | ¢v [ 00 [ 8n | 65 | 00 | 66 | 2¢ [ 00| 06 | v¢ | 00| 28 | 1€ | 62c |00t | 8¢ | v'S | 89 R
0z | Sv | | v [ 00 | Sv | 65 [ 00 | 46 | ¢ [ 00| 68 | v¢ [ 00| 18 | 1t |6z |00 | 8¢ | €S| 9oL N c
i | Gy | [ ev [00 | e | 65 [ 00| 66 | 2¢ [ 00| 28 [ »¢ | 00| 62 | 1€ | 8z |00t | 65 | 2G| 2L L) = 2
S| Sv [ 600 | €7 | 00 | Ovt | 65 | 00 | g6 | ¢ | 00| 68 | v¢ |00 | 8 | 1t |8z 00 | Ov | LG | 2S m
C | Gv | /ov | ¢v [ 00 | £61 ] GG [ 00| 16 | ¢ [00 | %8 | »¢ | 00 [ 92 | ¢ |8z |00t | Ov | 0G| GiZ >0 -
W | Sy [ GOl | ¢v [ 00 [ wel [ 65 [ 00 | 06 | 46 [ 00 | 28 [ ve [ 00| 6z | ¢ [ sz oo | v [6v| o008 | (X (f) ©
801 | Gv [ 0l | ¢¥ |00 | 16t | 65 | 00 | 88 | ¢ |00 ] 08 | #¢ | 00 | ¢ | ¢ | zz |00 | v | 8% | 8 D) &
900 | Sv [ 1or | ¢v [ 00 | 6eL | 66 |00 | 98 | Z¢ |00 | 62 | ¥¢ |00 | 22 | ¢ |2z |00 | ¢v | 2w | 1c8 OoNn ¢
%0l | Gv | 66 | €% | 00 | 92t | 55 | 00 | #8 | Z¢ | 00 | £ | #¢ | 00 | oz | ¢ | 9z |00 | vv | 9v | 8 e
ZoL | Gr | 96 | ¢v [ 00 | ser | 65 | 00 | 28 | z¢ [ 00| 6z | ¢ | 00| 69 | it [ 9z |00 [ Gv [ Gv | G06 =z
66 | Gv | ¥6 | £v | 00| 0z | 65 | 00 | 08 | /¢ [ 00 | ¥ | ¢ [ 00| £9 | 1 |9z |00 | 9% | +% | +56 Z T &
46 | Sv | 26 | ¢v |00 | 8t | G5 [ 00 | 6 | 4¢ [ 00 | 2z [ ve [ 00| 99 | it [sz |00 | v [sv| w96 | O O <
S6 | Sv | 06 | £v |00 | ot | 65 | 00 | £Z | 25 | 00| 0z | ¢ |00 | 9 | \€ | <z |00 | 8 | z¥ | 66 — > z
©6 | ov | 88 | ¢v | 00 | en | 66 | 00 | G2 | 26 |00 | 69 | »¢ | 00| €9 | 1t | sz |00l | 6v | v | s8eor | €
06 | v [o8 [ ev [o0 | on [ s [o0 ez |z [00 | 29 [ e [00[ 1o [1¢ [vz oo |05 [ov[ o | () ~ 7
88 | Gr | ¥8 | ¢ | 00 | 200 | 55 | 00 | 12 | z¢ |00 | G9 | »¢ | 00| 09 | ¢ | vz |00t | 26 | 65| 4600 | =~
98 | ov | ¢8 | ev |00 | v0. | 65 | 00 | 0z | z¢ |00 | ¥9 | v¢ | 00 | 85 | 1t | vz |00 | €6 | g€ | veu =™
v8 | Gv | 6/ | €v [ 00 | to. | o5 [ 00 [ 89 | ¢c [00 | 29 | ve |00 |5 [ 1€ [cz [oov |65 [ce| s |
'8 | v [ ¢z [ cv 00 66 | 55 [00 ] 99 [ zc 00 [ 09 [ ¢ [00[ S5 [ it [eeoor[ 95 [ac| v | =
6/ | Gv | . | ¢v |00 9 | 65 [ 00 | #9 | <¢ [ 00| 6S | vt [ 00| 5 | 1€ | ¢z [oor | 85 | 65 | 8ser
L. | v | ez | ev [00] ©6 [ G5 | 00 [ 29 | ¢¢ [ 00| 45 | %¢ | 00| 25 | 1€ [z |00 | 65 | v'g | coct
S. | G| 12 | ¢v [00] 06 | 65 [ 00| 09 | ¢ [ 00| 65 | #¢ | 00 05 | 1€ [ zz |00 | 19 |¢¢ | zsel
2L | Gv | 69 | ¢v [ 00| 88 | 65 | 00 | 65 | £¢ [ 00 | #5 | v¢ | 00 | 6% | It | zz |00 | €9 | z5 | cowt
0L | Sv | 49 | ¢v [ 00| 68 | 65 | 00 | £5 | £¢ [ 00 | 25 | »¢ | 00 | £v | 1€ [ zz |00 | G9 | ve | ZGw
89 | v | ¥9 | ¢v [ 00| ¢8 | 66 | 00 [ G5 | £¢ [ 00 ] 0S5 [ %¢ [ 00 [ 9¥ | 1€ [ 1z |00 | 29 | 05| GGl
99 | Gv | 29 | ¢v [ 00| 08 | 65 | 00 | ¢S | £¢ [ 00 [ 6v | ¢ |00 | #v | ¢ [ 1z |00 | 69 | 62| £sGt
£9 | Gv | 09 | ¢¥ [ 00| 42 | 55 [ 00 | 16 | z¢ [ 00| 4% | v¢ |00 | v | ¢ [ 1z |00 | 2z | 82| 5v9
19 | Sv [ 85 | ev [ 00| vz | G5 [ 00| 05 | ¢ [00 [ Gv | »¢ |00 [ v | 1€ | ve |00t | 6z [ sz | el
65 | Gv | 95 | ev |00 | tz | 55 | 00 | 8% | 4¢ | 00| v» | ¢ | 00 | Ov | 1€ |0z |00 | £ | 9z | 6821
£ | Gv | ¥S | ©v [ 00| 69 | G5 | 00 | 9v | 4¢ | 00 | 2v | ¢ | 00 | 8 | It |0z |00 | 08 | Gz | st
vG | ¥ | ¢G | ¢v | 00| 99 | 6 | 00 | ¥ | 26 |00 | 0¥ | vc | 00 | 48 | &€ |0z |00l | ¥8 | vz | 09l
25 | v | 0S5 | ¢v | 00| €9 | 66 | 00 | 2v | 25 | 00 | 65 | ¢ | 00 | G5 | 1€ | 00 | ¢¢ | 8¢ | sz | 9s0z
05 | 6v | v | e |00 | 09 | 66 | 00 | 0¥ | Z¢ | 00| £¢ | ¢ |00 | ve | 1f | o0 | 0c | 8¢ |zz| loc
gv | Gr | Gv | ¢v [ 00| 85 | 65 [ 00 | 6¢ | 2¢ |00 | 6c | ¢ | 00| 26 | ¢ |00 | 6z | 8¢ | v | oree
Sv | ov | ev | ev | 00| 65 | 65 | 00 | 48 | ¢¢ [ 00| ve [ #c [ oo | 1c | i€ |00 |8 | 8z |0z | core
0l o0 ]o [ o0oloolo [ ofoo[l oo ool o o oo] o] o oo] o] o [oN] oost
si|w s [w ]| w[s1][w [ »w [s1[w [~ [s1]w ][ »s1]w]| »[s1] 9 w3ansnavy
14 8l 14 9l ZL 9l .zl ol Aol Ol oL 6 9l og-
HL1aIm (HLAIM 3NV LV S3NVT 40 ¥38NNN) SLINIIVAINOI 3¥vML40S NIOIS3A ALIDOT3A ©
SAAVY 39NVHON3INI | L3 8v=HIOM | 13 pg-HLAM | 14 2Z-HLAM | 134 0Z-HLOM | L3 8 =HLAIM N9IS30 2
XYW 78 =3 ONISN (IvdNd) HAN 0¢ 40 d33dS NOISFd vV 404 SHOLIOV4 NOIS3d ?




'SINTWA M ANV ‘ST YD ‘3 ONIONOdS3¥Y0D 3HL ¥O4 SNIAvY 318VMOTIY WAWNININ 3HL SI SNIQVY Q3L1SIT "1334 NI S3NTWA M 3 ST°4D

802.37

:310N
Zel | 8v [ 181 [9v | 6¢ |vve| 98 |9 [85¢] 69 [00 [ GG | 6¢ ez | LGh[ Ov [c¢ [ 1ot [8c [¢v [ ¥l [ 9¢ [ 0B8] 0S¢
06l | 8v | 641 [ oy | o¢ |eee | S8 [0 [6vC| ¥9 |00 |96l | 6% |0z | 5G+| 6¢ |06 [ /vl [ 8e |O% | lvb | of | 64| 168
881 | 8v |9/l [ov | sz |Gec| v8 |00 | 4cc| 65 |00 |16t | 66 |00 | 651 | 9c |6 |Gv | 8c | 6¢ |85l [ 9¢ | 82| 2w
S8l | 8v [ ¥/l [9v | vz | 8lc [ €8 |00 | v2Z| 65 |00 |OGL| 6% |00 | 9t| 98 [ 8¢ | ewh | Zg [8e [9er [ 9e [ Lz | 2w
c8L| 8v |24 [9v | 1z |2ie | €8 |00 [l | 6G |00 |8yl | 6c |00 | Gob| Of | ¢ |Ovi | cg [ L€ [9eb [ Ge [ 9| 19v
o8 | 8v [0/1 [9v | vz [80f | ¢8 |00 |8z | 65 |00 |9v | 62 |00 | vl | 95 |z [8sL | 48 [ £¢ [eet | 6¢ | Gz | os8v
81| 8v [ 491 [9v | 00 |£82| 8. |00 |Gz | 65 [00 | vvl| 66 |00 | cer| 9¢ |9 | GeL | c¢ | 9% |62l | 6 | vz | cbb
9/L | 8v [ SOl [9v |00 |€8c| 8. |00 |2z | 65 [00 |evi | 66 |00 | OSt| of |Gz |t | ce [Ge [Z2l [ Ge [e2] SIS
co | 8y [ €9 [ 9y |00 |6z] 8. |00 |0z ] 65 |00 | 0¥t | 66 |00 | 8el | of |Gz | st | 26 | G |Sel | 68 | ez | esS
lZL | 8v | Q9L | 9¢ 00 [SLZ| 8 |00 |£0Z| 65 |00 [ 8EL| 65 |00 |92l 9¢ | vZ |62 | (s | PE|SCL]| G | LTL 0SS
991 | 8v [ 8SL [9v |00 |tse |8, |00 | v0Z| 6G [00 |9t | 66 |00 | Set| 9¢ | v |Zev | se [ v [ 12 | Ge [0 | £9S
99 | 8v |95t [9v [ 00|89z |8 |00 |10z | 66 |00 |ver | 65 |00 | ¢eh| 9¢ ez |cer | ¢c [cc Oev | ce [ 69| 89
voL | 8v | vSl [9v | 00 | ¥92 | 8. |00 | 86l | 65 | 00 | ¢l | 65 | 00 | L2t | 9f | € |gel | £¢ [ [02r [ 9c | 9| £09
191 | 87 [ S [ 9¥ [ 00|09z ] 8. [ 00| G6L| 65 |00 [0St | 66 |00 | 6l | 9¢ [z |02 | 92 [ ¢ |0er | oc | £9| 229
661 | 8v [ 6¥L [9v | 000|952 | 82 |00 | 26l | 65 [00 |8ek| 6c |00 | 8% | O¢ |2 |Oek | tg [ce [0z | L6 [ 99 1v9
961 | 8v [Zv [ 9y |00 |2S2| 8. [ 00|68 | 65 |00 |92t | 62 00| 91 | of |z [0 | £€ [ ¢ |0er | 48 | 69| 099
vGL | 8v [ G¥l [9v | 00 |8ve| 8. |00 | 98l | 65 |00 | ver | 68 |00 | ¥ | 9F | 1z [0zl | 8¢ | ' [0et [ 8e | v'9| 089
2GL | 8v | 2wk [9v |00 |wve| 8L [ 00| €8] 6G |00 |2et | 65 |00 | 2t | 9¢ | Lz |0zt | 66 | I'e [Oer | 6¢ | £9| oL
6v.| 8v [0l [9v | 00 |Ove| 8. |00 |08 | 65 [00 |Ock | 6g |00 | O [ 9¢ |0c |Ock | 62 [ O€ [02L | 6g | 29| 2es
(vi | 8y [ 8oL [9v |00 |46 8. [00 | 8| 65 |00 | 61l | 65 | 00 | 601 95 |0 |OcL | 0y | O [02h [ Ov | L9 | evL
vvl | 8y |95l [9v | 00 |eec| 8. |00 | G/l | 65 |00 | £k | 68 |00 | £Ob| of |0C |Oc | Ov | O€ |02k [ Ov | 09| 997
zvi| 8v [ esl [9v | 00|62z |8, |00 | czl | 6S [00 | Gl | 66 |00 | SOL| 9¢ |00 | 96 | ¢c [6¢ |02 | 1v | 6G| 68L )
ovL | 8v [ 151 [9v |00 |Sez| 8 |00 |69 | 66 [00 | €1l | 66 |00 | ¢0r| 9¢ |00 | v6 | ¢c [6¢ |02l | v [ 85| I8 =
Zcr| 8v |62l [9v | o0 |tzz |8 [ 00| 99| 65 |00 | Ul | 6F | 00| O] 9¢ |00 | 26 | ¢¢ [ 8¢ |Oct | ev | £S | sss
SeL | 8v [Zer [ 9y |00 | iz | 82 | 00| €9 | 65 | 00 | 60L | 65 | 00 | 00L | 9 |00 | 16 | £¢ | 8¢ |02l | ¢v | 9GS | v98 o
zer | 8v [vel [9v |00 | ¢l |82 00|09l | 65 |00 | 20| 65 [ 00| 86 | 95 |00 | 68 | ¢ [ 82 [02 | vv | GG | 168 Do
oL | 8v [zer [9v |00 | Oz |8 |00 | ¢S | 66 [00 | GOL| 66 |00 | 96 | 9¢ |00 |88 |¢c [cc|0e [Gv [ vS| 86 iz
gzL | 8v [0zt [9v | 00|90z | 8z |00 | vGi| 66 |00 |€0r| 68 |00 | S6 | 9¢ |00 | 98 | cc [cz [0z [ oy [ eS| ov6 Lt 2
Sz | 8v [en [9v [ 00 |20z |8 |00 LGt | 66 |00 | lor | 66 |00 | 6 | 9¢ |00 | v8 | ¢c |[cc|0a [ v [ eS| 6 s
czi| 8y [Gu [9v |00 |86l [ 8L |00 [6v| 65 |00 66 | 62 00| 16 | 9¢ |00 | €8 | ¢¢ [9¢ |0ct | 8v | 1'S | w00l n s
0zv | 8v [ew [9v | 00| v6l | 82 |00 | 9% | 66 [00 | £6 | 65 |00 | 68 | 9c [00 | 18 | cc [9¢ [0z [ 8y [ 0G| veor | (/) &
gl [ 8v | W [9v [ 00|06l |8 |00 ¢cvi| 66 [00] G666 00| B[ Oc [00]| 08 |cc [9¢ |02 |6y |6v ]| G90I L=~ %
9l | 8y [ 60l [O¥ |00 |98l [ 8L |00 |Ov | 65 |00 ¢6 | 68 |00 | 98 | o¢ |00 [ 82 | ¢¢ [9¢ |0et | 0G | 8% | £60l ~0"
Sl | 87 [ 901 [9v [ 00|28 8L [ 00| 46r| 65 |00 | 16 | 6 |00 | ¥8 | 9¢ |00 | 92 | €€ [SZ |02k |25 | £v | Icu b=
WL | 8 [vOL[9v | 00|61 [ 8L 00| bel| 65 00| 06 | 68 |00 | ¢8 | 95 |00 | 62 | ¢¢ [ G2 |0eh | 66 | 9% | Gau neo
80L | 8v [0l [9v | 00| G/l |82 |00 lev [ 6G [00 |88 | 66 [00] 08 [ of |00 | ¢/ | ¢¢ [Ge |02 | vs [Sv | 10d 2z
90 [ 8% [00L [9% [ 00| 1l [ 8/ [00 |82l |65 00|98 |65 [00| 6| 9c [00[ 1 [¢¢ [veloe |G [vw ]| sea | O~ 3
voL| 8v | £6 [9v | 00| /91| 8. [00 | Gel | 65 |00 | v8 | 6¢ [ 00| £ [ 9f 00 | 0z | ¢ [ve |02 [ 95 [¢v | il2 &
oL | 8v | S6 [9v |00 |¢ar [ 8L [00]zer| 65 |00 |28 | 62 00| G2 | 9¢ |00 | 89 | ¢¢ [ v |Oet [ 8S [ gy | Zist Z 15
66 | 8v | ¢6 [9v | 00| 6SL| 8. |00 |0zt | 66 |00 | 08 | 65 |00 | £ | 9¢ [ 00 | 29 | ¢¢ | v¢ |02l | 65 | L'v | 6Ssl O~ o
96 [ 8v | 16 [9v [ 00| G5t |8 |00 1l | 66 |00 [ 8 | 66 |00 | W | 9c [00 | 69 |¢¢ [c2c |02l |09 | 0v | <covl ~0 <
v6 | 8v | 88 [9v |00 |16 |8 |00 vil | 6S |00 | 9/ | 6 |00 | 04 | of [00 | ¢9 [ ¢ [ezozt|[zo |6¢c| 6vv | — = §
¢6 | 8Y | 98 | 9¥ 00| 8¥L| 8L [ 00| L 6S [ 00| ¥ 68 |00 | 89 | 9¢ |00 | 29 | €¢ |€C|0Cl]| ¥9 | 8BS LBVl qq m
69 | 8v | v8 [9v | 00| vvl |8 |00 |80 | 66 |00 | ¢ | 65 |00 | 99 | 9c [00 | 09 | ¢¢c [c2¢ |02 |69 | £ | 8wl o)
/8 [ 8v [ 28 |9v |00 Ovi |8 [00|GOL| 66 |00 | Oz | 65 | 00| ¥9 | 9¢ |00 | 66 | €€ [ ¢ |02t | 9 | o¢ | z09r = IV
vg | 8v | 6 [9v | 00|95k |8 |00 |20l | 66 | 00| 89 | 65 |00 | €9 [ 9c [00 | /G | ¢¢c |22 |02 |69 | G¢ | 8G9l <

28 | 8v | 2 [9v [ 00| eer |8z 00| 66 | 66 |00 ] 99 | 66 |00 | 19 | 9¢ [00 | 66 | ¢¢ [ge |02 | 1z | ve | 21l 0
08 | 8v | G/ [9v |00 |82 |8 [00] 96| 65 00| v9 | 65 | 00| 66| 9¢ [00 | v5 | ¢¢ [ce |0z | ¢/ [ e¢| o8l | |—

(/| 8v | ¢/ [ov o0 |wver |8 |00 €6 | 66 | 00| 29 | 66 |00 | 26| 9c [00 | ¢5 | ¢¢ [t |02 |6z [ce| cval
S, |8y |0/ [ 9% 00|02 |8 [ 00| 06|65 |00 09| 6f 00| G5 | 9 00|05 [ e¢ [ LZ |02t | 8L | Ve | /16l

2. |8y [ 89 |9v |00 sl [ 8. [00]| 88 | 65 |00 | 6S | 6£ | 00 | ¥S | 95 |00 | 6v | £¢ | ¢ |02k | 08 | 0¢ | 566
0/ | 8% | 99 [9v |00 | W |8 |00 SB | 65 |00 (S |68 00| 25 | 95 |00 | zv | ¢ [ L2 |02t | ¢8| 62| €02

89 | 8% | ¥9 | 9% | 00| 6018 [ 00| ¢8| 65 | 00| G5 | 65 | 00| 0S| 95 [00 | 9v | £¢ [ 02 [0zt | 98 [ 8Z | 6512

S9 [ 8y [ 19 |9v |00 [ GOi |8, [ 00| 6L | 65 | 00| €S | 65 |00 | 8% | 9¢ [00 | v | 6 | 0¢ |Och | 68 | 22 | 15¢¢

€9 [ 8y [ 65 |9v |00 108, [00| 9. |65 |00 1S | 65 |00 | £¥ | 9¢ [00 | ¢v | ¢¢ [0z [Oer | ¢6 [ 9¢ | 0Ss¢C

09 [ 8v [ 45 |9v |00 46 [ 82 00| 2 | 65 |00 | 67 | 65 |00 | Sv | 9c [00 | v | €5 [0c |02k | 96 | 62| (Sve
8G | 8v | G5 [9» |00 6 |8 00| OZ | 65 |00 | v | £¢ |00 | ¢¥ | 9¢ |00 | 6 | ¢¢ [00] 6¢ [ 0% | vz | ¢i5¢

96 [ 8v | 25 |9v | 00| 06 | 8 |00 £9 | 66 |00 | Sv | 65 |00 | ¥ | 9¢ [00 | 8 | ¢c | 00| vs | 0c | ez | 8692
€5 [ 8v [0S [9v |00 98 |82 [00| v9 | 65 |00 | ¢v | 66 |00 | Ov | o¢ |00 | 9¢ | ¢¢ [ 00| 28 [ 0¢ [ cc| Gese
oG [ ev [0S [or o0 98 |8 |00 v9 | 65 |00 | ¢v | 65 |00 | Ov | 9¢ |00 | oc | ec 00| ¢¢ | oc | g2 | G598

'S | 8v | 8v [ov 00| ¢8 |8 |00 19 | 65 [00 | v | 65 |00 | 8¢ | 9¢ [00 | ve | ¢¢ [00| t¢ [o0f | ve | o98¢
8v | 8v | ov [9v | 00| 8. |8 [00] 66 | 65 |00 | 6¢ | 66 00| 9¢ | o¢ |00 | ¢¢c [ ¢c [00 | 0f [ 0c [0z | 6wis

0 |00 o Joolo| o0 o0] 00 00[0] o0 00| 0] 0] o0o|o0] |0 000 0]OoN| 000%
silw[s1[w [ w18 m [s1Jw|~[sca[w][»s1]u]~[s1]u] »]s1]u]e3[disnavy

38l | 13a R R D Y Y 60l - gy

HLQIM (HLAIM 3NV 1V S3INVT 4O ¥38ANN) SINITWVAINDI 3YvML40S NOIS3A ALIDOT3A mm

SJAVY FONVHONIINI | 14 Z/-HLOWM | 14 8v-HIOM [ 14 +Z-HLQMA | 13 2Z-HLOM | 13 0Z-HLOM [LJ 81 -HLAIM NOIS30 e

XYW Z8 =3 ONISN (CIWdNd) HIW S¢ 40 d33dS NOIS3A V JO04 SYOLOV 4 NOIS3d




'S3INTYA M ANV ST °YD ‘3 ONIONOdS3¥¥0D 3HL ¥O4 SNIQvy 318vMOTW

NNAININ 3HL SI SNIAVY Q3LSIT "1334 NI S3NTWA M B ST°8D

WE
: N =Q
310 mm
90z] zG [ w6l [ 6 [0c [655] 06 [00[69Z] €9 [oOo [99 [ 2y [oz [ 99 [ zv [Oc [6GL[Ov [O¥ [2St[8F | og| G9* Sy
v0Z| 2G| Z6L | BY | 1'z |9¥¢ | 88 | 00 |9%C| €9 |00 | ¥9L | CZ¥ | Q0 | OSL| 8% | L'CT |SGL | Oy | L€ |8Vl | 8 | 6L 625 &~
l0z| zs o6l [ 6v [oo[ses[ s [oo|svz[ ¢o9 [oo[za[zr [oo[8vi[8s [oz|zai[6s [9¢c[ovi[8s | 82 09S
g6l | zs [ /a1 [ 6y oo [6c[¢8 |00 |65c] §9 oo oo [ ey [oo [Zvi[8c [z oGl |65 [Seevi[8s | £2 L8G
g6L| e [car [ 6v [oo[sie[s8 [oo|ose|[ so9 oo [sc[er [oo[Sv[es [cz|8r[6s [Se[Livt [8s | 9z 219
cel| e[ za [ 6y oo uc [ g8 |00 |ssc][ ¢9 oo 9GSt [er [oo [€vi[ 8 [vz |Gv [ 68 [ve[6EL |88 | G/ S€9
6L zs|osL[ 67 [oo|coc|[¢c2 [oo]oce] co9 (oo [wst| v [oo | vt [8c [vz|ev|6e [vE]sei]8s [ v 859
88l | 2GS | £LL | BY | 00 | €0E| €8 | 00 |£2C| €9 |00 | 2G| Cv | QO | BEL| 8F | €C |yl | 6 | €¢ | SEL | LS | ¢/ 189
98l | ¢S | GLL | BY | 000|862 | €8 |00 | ¥ZZ| €9 |00 |6V | C¥ | 00| L5V | 8F | €C | BCL | 6F | £¢ | &% | LS | 2L ¢0L
¢8l| ¢S | gLl | BY | 00| V¥6Z| €8 |00 | LCZ | €9 |00 [L¥L | Zv |00 | S&L| 8F [ 2C |9¢L | 68 | C& |08 | LS 1L 9ZL
08BL| ¢S |0/ | 67 | 00|06Z| €8 |00 |8LZ| €9 |00 |S¥L | Zv |00 | €t | 8F | ZC | ¥CL | 68 | CE€ |82 | LS | 0L 8YL
8/L| 2S5 | 891 | BY [ 00 [982| €8 [00 |G| €9 |00 |y | v |oo [ el ]| 8F | L'C 2L | 6S | Ve | 9¢Cl | L8 | 69 LLL
G/L| TS| G9L | BY [ 00 [Z¢BC| €8 |00 |2l | €9 |00 | Lyl [ Zv |00 [ B2 | 8 | L'C |[0OFL | 6 | Ve | ¥2L | L8 | 89 V6L
S/ TS| g9 | BY [ 00 (842 | €8 [ 00 [80C| €9 |00 |65t | Cv |00 [ BCL| 8 |0C |82l |6 |[0¢ |ZC | L8 | 29 8L8
0/L| 2GS |09l | BY | 00 | ¥4 | €8 | 00 |G0C| €9 |00 |48 | CF |00 | 92| 8% [0OC |9CL |68 | 0¢|0C]| LS | 99 v8
Q9L | ¢S | 8GL | BY | 00 [69C | €8 | 00 [20C| €9 |00 |SEL| cv |oo | ¥el| 8 |OC|¥vel |6 |0 |0C | L8 | G9 998
GOL| 2GS | 9GL | 6 | 00 [S92 | €8 |00 | 66L| €9 |00 | SEL | Zv |00 | ¢cl| 8 |00 | ILL | S¢ [ 6C|0C |8 | 9 168
zo| zs|ec [ 67 (oo |19z [ ¢c8 [oo |96l | co9 (oot | zv [oo|0Zl|8c [00]60L| e [6Z]0C|6S | ¢9 L16
ool| zs |1t [ ¥ [oo[«Sz[¢8 |00 |¢6L[ ¢9 oo |62t [2r [oo [ 8L [8F [00]|c0OL[GE [6Z]|0CL[65 | 29 776
(G| zs|8vi [ 6Y [o0 ¢Sz ¢8 [oo[06L| ¢9 (oo [zt | zv [oo | 9u |8 oo g0 |ge [8zZ [0zl |[0Ov [ 19 1.6
ol zs [ ov [ 6v [oo[6vz][ €8 |00 |8 [ ¢9 oo [se[er [oo | vl [8c [oo|vor[se [8Z 0ozl [0y | 09 666
zol| zs | vri [ 67 [oo|svze| c8 oo [ w8t | co9 oo sz | zv [oo|zu|8c |oofzo|ce [8z ozt |1v [ 6c| 8z0l ]
ocl| zs [ 1y [ 6¥ oo |ovz[ €8 |00 |08 [ ¢9 [oo ozt [ ev [oo | Ol [ 8 [00 |oow [ sg [ZZ o2l [zy | g6 8SOL b
(v| zs [ 6c1 [ 67y [ool9cz[e8 [oo|set[c9 oo s [zv [oo|Bo |8 [00]|66 [cc [sz]ozt|[¢cy | sG] o060l
vyl 2GS [ 9c1 [ 6v [ o0 [zce[ €8 |00 | vt [ ¢9 oo [ o [er [oo [ o[ 8c [oo | «6 [SE [sz]ozt[¢cr | 95 zzu o O
Zyl| zs | vsL | 6 | oo |8z | €8 |00 | Ll [ €9 oo | v [ 2y |00 [ SO 8 [00 | 66 [ S¢ [z ozt | vy | GG wSul D)
6eL| zs 1L [ 6v oo [vee[¢8 |00 |89 [ 9 oo [2r [oo|[¢co[8s [00] 6 [ S [9c|oct [Sy | v'S5| 88U o b z
LEL] 2SS |62 | BY | 000 |0CC| €8 |00 |[GSOL | ¢9 |00 | Ol | CFh |QO | Ol | 8 |[00] <6 | GE |9C |02 ]|9¥ | ¢G 222l L =
vEL| ¢S | 2| BY | 00| 92| €8 |00 [ 29| €9 |00 |80L| cv |QoO | 66| 8 |00 | 06 | G | 9¢ |0Cl | L¥ | ¢S 8G¢l [
el 2SS | vel [ BY [ 00 [l | €8 |00 [ 6SL| €9 |00 |90l | Zv (00| L6 [ 8F [00 |88 |S¢ |[SZ|0cl |8y | LS v6Z1L [08) S
6L ¢S |zl | B¥ | 000|202 €8 |00 |9SL]| €9 |00 |[v0OL | 2y oo | S6| 8¢ |00 | /8 | S [SZ[02 | 8% | 0¢ 453} (@) )
9¢L| ¢S [ 6l [ BY |00 |502]| ¢8 [00 | %S| §9 |00 [cOL|[CZy o0 | ¥6 [ 8¢ |00 | G8 | SE [SZ[0C | 6% | 6F 0L¢g1 Ll == W
vZl| ¢S | Ll | BY | 00| 66L | €8 |00 | 6% | €9 |00 |OOL| CVv |00 | ¢6| 8 |00 | ¢8 | G | S<C |0C | 0S | 9¥ 154] > D) [=
1zL | es| v [ By oo [s6l | g8 [oo]ovt | ¢9 |oo | 8 | 2r [oo| 06 | 8¢ [00 |28 |Gg |[vZ|ocl|zeTs | L+ ¢Sl = uw
6lL | 2S |zl [ BY [oO0 [ 16l [¢8 |oO|[E¥l| €9 |00 | 96 [ Zv [0 [ 88 [ 8 [00[ 08 |Ge |[+¥C|0C | €S | 9 Sl Qs 08 ©
oL [ zs | ow [ 6y [oo| ¢8| c8 oo ov| c9 oo v6 |2y [oo]| 98 | 8c [00 [ 8 |ce [vC[0cl|+S [ S¥v]| O¥Sl D) L Z
vl | 2S | ¢«0L | BY oo [¢8L[¢8 |oOo |4l €9 |00 | C6 | Cv [0 | ¥B [ 8 [00 |92 |Ge | ¥Z|0C |SS | v¥ £8S| (@) (=) <
UL [ zs[so [ 6v [oo |8zt [ s8 [oo[wvsr| 9 [oo[68 |2y [oo[ 28| 8c |00 |Gz |ce ez [0zl |95 [¢gv]| &9l m
g0l | zs | zoL [ 6 [oo | vzl [ g8 oo st [ ¢9 oo 8 [ zv [oo | 08 [ 8c [00] ¢z [ 68 [cz]ozt|8S [ zv[ 989l = T8
90| eS| oo [ 67 [oo ozt [ €8 oo 8z [ s9 oo s8 [ ev [oo |8 [ 8 [00]| ix [sc [€2 0Tl |65 | 1v | 65l O a
€OL| S| 46 | BY |00 [ 991 | €8 |00 | GCL | €9 |00 | €8 | 2V | Q0| 92 | 8 |00 | 69 | GC | €2 |02l |09 | OF v6L1 Pl an <
0t [ zs | 6 [ 6 [oo|zar[cg Joo[zer| co9 oo 8 | ezv [oo| v | 8c oo |89 |ce [zz[ozl |z [e6¢]| eS8l — > &
86 ¢S | €6 | BY | 00| 8SL | €8 |00 | 8L | €9 |00| 6L | CV |00 | S48 |00 | 99 |Sg [cc|oc]|v9 | 8¢ LBl A W
96 | zs [ o6 [ 6v [oo[vsi|¢e8 [oo|su[¢9 oo sz [zr|oo[ e [8c]oo]voa[sec[zz]oa[ce | c¢c] ¢i6l 2 ®)
¢6 ¢S | 88 | B¥ [ 00 |6Vl | €8 |00 | 2l | €9 |00 | GSZ |2V |0O0O [ 68 |8 |00 | 9 |Ge |cg|oc| /9] 9¢ v¥0Z = <+
06 | zs[sa [ 6v [oo[svi|¢8 [oo|60[¢9 oo ¢z ey ool 9[8cfoo] 19 [sc[ecec]|ozt[69 | ce| sue <
88 | 2G| ¢8 | BY | 0O | vl [ €8 [ 00|90 | €9 |00 | L 2y |00 | S9 | 8¢ |00 |65 |GE |l ¢ |oCl| L ¥'¢ 06LC e
G8 | 25| 08 | BY |00 | LSl | €8 |00 | SOL| €9 |00 | 69 | Z¥ |00 | €9 | 8C |00 | LS | GE | V¢ |OC | €L | ¢¢ 69¢¢ —
£8 | ¢S5 | 8/ | BY | 00| €S [ €8 |00 | 00| €9 |00 | L9 | Ch 00| 9 |8 |00 95 |G6g |lc]oCl|GSL | z¢ vSeC
08 | ¢S | 92 | BY | 00|62l | €8 |00 | L6 | €9 |00 | S9 | CF |00 | 65| 8F |00 | ¥S | SE | Vg |ogl|8L | LS cYve
8L ¢S | ¢4 | BY [ 00| G2l | €8 |00 | ¥6 | €9 |00 | €9 [ Zv |OoO | 45| 8 |00 |25 |G [0C|0Ocl|O08 | OF 8¢G¢C
G,. | TS| 1L | By | 00| 0T | €8 |00 | 06| ¢9 00|09 |CF |[00]| SS |8 |00] 05 |GSg |0cCc|oCl|¢e8 ]| 62 0+9¢
L ¢S | 89 | BY [ 00| 9l | €8 [00 | 48 | €9 |00 |8 [ Cv |OoO | ¥S| 8 |OO |6V | G¢ [ 0C|0OcCl |98 | 8¢ 8vLC
0L 2G| 99 | 6¥ |00 | 2l | €8 |00 | ¥B | €9 |00 | 95 | Z¥v |00 | ¢S | 8¢ |00 | L¥ | S¢ | O0C|OcCl | 68 | 22Z G98¢
oc ] 25|99 | 6v oo zu|¢es oo v8a|cg oo 9s [ zv oo 258 |oo| sy [se |00 zZv [ze [ 22| 9982
(9] zs[v9 [ 6v [oo[so|¢8 [oo| 18 [¢9]oo| ¥S[cr oo [O0S[8c[oo]|sSy [sgc[o00] Ly [z¢ | 9z]| 0662
cg [ ezs[ 19 | 6v [oo|[vor|ce [oo[8s]|cgfoo[zs |[zr [oo[8r|sc|oo|[+v |ce [0O[6S |2 [ sz| sus
29 ¢S | 6S | 6BY | 00|00l | €8 |00 | SZ | €9 |00 | 0S | Zv |00 | SY [ 8 |00 | 2ZF | GC |00 | 8 |2¢ | v'C LL2¢
09 | zs[os [ 6v [oo[ 96 [c8 [oo| zc[c9|oo|ev [zr oo rr[secfoo]or [scfoo]os [ec | ¢z ogve
(S| es | vs | 6¥ |00 [ 26 | ¥8 [00| 69|59 |00 | 9% [2r |oo | 2r |8 [00|8F [Gg [00]|GSe [2¢ | zz| €09¢
¥S | 25| 1S | 6v 00| ¢8 | ¢8 [00[ 99| €9 |00 | +v |2Zvr |00 | Ov | 8F |Oo0 [ s¢ |Sc |00 | €g |2g [ 1'Z2| 26LE
¢S | ¢S | 6y | BY | 00| ¢8| €8 |00 | ¢9 | €9 |00 | Z¥ | ZF |OO | 8 | 8B |00 | GE |G |00 | 2 |28 | 0¢C 000V
0 0 0 Q 00| O 0 00 9] 0 |00 0 0 [ 00 Q 0 [ 00 0 9] 00| O Q ON 0009
ST 80| ST | ¥ M S | ¥ M S | 80 M ST | 80 m S7 | ¥0 M ST | ¥0 m ST | ¥O | I [ (LHSNIAVY
14 8l 149 Lo ¢ 2l o 2L ol ool Ol 31 6 0L op-
HLQIM (HLQIM 3NV LV S3NV1 4O ¥38ANN) SINITVAINO3 3¥vMLI0S NOIS3A ALIDOT3A
SJAVY JONVHOMIINI | 13 2L-HLAM [ L4 8%-HIOM | 14 vz-HIOM | 13 zg-H1OM | 13 0Z-HIOM |14 8L -HLAIM NIIS30

XVIN 78 =3 ONISN ((vdNd) HAWN Ov 40 (d33dS NOIS3IO VvV JO4 SYOLOV4 NOIS3d

TC-5.01

802.38




RURAL

TRANSITION CURVES

45 MPH DESIGN SPEED

802.39

VIRGINIA DEPARTMENT OF TRANSPORTATION
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RURAL

TRANSITION CURVES

55 MPH DESIGN SPEED

802.41

VIRGINIA DEPARTMENT OF TRANSPORTATION
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RURAL

TRANSITION CURVES

65 MPH DESIGN SPEED

802.43

VIRGINIA DEPARTMENT OF TRANSPORTATION
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