Slopes for Skewed Culvert Sections

THESE TABLES ARE BASED ON THE FOLLOWING FORMULA

SECANT @ ® = SKEW ANGLE
R +/- (0.01G*TANG) S = SKEWED SLOPE
B 1
Use + for downgrade side of skew NORMAL ROADWAY SLOPE

G =% GRADE AT SHOULDER

Use - for upgrade side of skew

IF SKEWED SECTION IS ON VERTICAL CURVE, THE "G" ABOVE

MAY BE OBTAINED BY THE FOLLOWING FORMULA:

G =G, +/- (Y/K) G =% OF GRADE AT SHOULDER

Gb =% OF GRADE BACK FROM
PC OF VERTICAL CURVE.
(USE ALGEBRAIC SIGN OF
THIS GRADE)

Y = DISTANCE IN FEET FROM

PC OF VERTICAL CURVE
TO THE POINT WHERE THE
SKEWED SECTION
INTERSECTS WITH THE
SHOULDER.

Use + for A + Vertical Curve

Use - for A - Vertical Curve

EXPLANATION OF TABLE

THE SLOPES FOR ANY GRADE MAY BE OBTAINED BY
INTERPOLATION.

SLOPES IN COLUMNS "U" ARE TO BE USED ON THE SIDE OF
SECTION WHICH IS UPGRADE.

SLOPES IN COLUMNS "D" ARE TO BE USED ON THE SIDE OF
SECTION WHICH IS DOWNGRADE.

FOR NORMAL SLOPES OTHER THAN THOSE SHOWN OR ODD
SKEW ANGLES - USE FORMULA.

i SKEW ANGLE
RS % 5° 10° 15° 20° 25° 30° 35° 40° 45°
Ol v D U D U D U D U D U D U D U D U D
0 2.01 2.03 2.07 2.13 2.21 231 2.44 2.61 2.83
1 201 | 200 | 2.04 | 202 | 208 [ 2.06 | 2.14 [ 2.11 | 223 | 2.19 | 234 | 2.28 | 2.48 | 2.41 | 2.66 | 257 | 2.89 | 2.77
2 201 | 200 | 2.05 | 2.02 | 2.09 [ 2.05 [ 2.16 | 2.10 | 2.25 | 2.17 | 2.36 | 2.26 | 2.51 | 238 | 2.70 | 2.53 | 2.95 | 2.72
3 202 | 200 | 2.05 | 2.01 | 2.10 [ 2.04 | 218 [ 2.08 | 2.27 | 2.15 | 2.39 | 2.23 | 2.55 | 2.34 | 2.75 | 2.49 | 3.01 | 267
4 202 | 1.99 | 2.06 | 2.00 | 212 [ 203 [ 2.19 [ 2.07 | 2.29 | 2.13 | 2.42 | 221 | 259 | 231 | 2.80 | 2.45 | 3.07 | 262
5 203 | 1.99 | 207 | 2.00 | 213 [ 2.02 [ 221 [ 2.05 | 231 | 2.11 | 2.45 | 2.18 | 2.63 | 2.28 | 2.85 | 2.41 | 3.14 | 2.57
6 203 | 1.99 | 207 | 199 | 2.14 [ 2,01 [ 223 [ 2.04 | 234 | 2.09 | 2.48 | 2.16 | 2.67 | 2.25 | 2.90 | 2.37 | 3.21 | 2.53
7 203 | 1.98 | 2.08 | 1.98 | 2.15 [ 2.00 | 2.24 [ 2.03 | 236 | 2.07 | 251 | 2.14 | 2.71 | 2.22 | 2.96 | 2.34 | 3.29 | 2.48
8 204 | 1.98 | 2.09 | 1.98 | 2.16 | 1.99 [ 2.26 | 2.01 | 2.38 | 2.05 | 2.54 | 2.11 | 2.75 | 2.20 | 3.02 | 230 | 337 | 2.44
9 204 | 198 | 220 | 1.97 | 218 [ 1.98 [ 2.28 [ 2.00 | 2.41 | 2.04 | 258 | 2.09 | 2.79 | 2.17 | 3.08 | 2.27 | 3.45 | 2.40
10 204 | 197 | 211 | 196 | 219 [ 197 [ 230 [ 198 | 2.43 | 2.02 | 2.61 | 2.07 | 2.84 | 2.14 | 3.14 | 2.24 | 354 | 236
11 205 | 197 | 211 | 196 | 2.20 [ 196 [ 231 [ 197 | 2.46 | 2.00 | 2.65 | 2.05 | 2.89 | 2.12 | 3.20 | 2.20 | 3.63 | 2.32
12 205 | 197 | 212 | 195 | 221 [ 195 [ 233 [ 196 | 2.48 | 198 | 2.68 | 2.03 | 2.93 | 2.09 | 327 | 2.17 | 3.72 | 2.28
0 3.01 3.05 3.11 3.19 3.31 3.46 3.66 3.92 4.24
1 3.02 | 3.00 | 3.06 | 303 [ 313 [ 3.08 [ 323 [ 3.16 | 336 | 326 | 353 | 341 | 374 | 359 | 402 | 3.82 | 437 | 412
2 3.03 | 3.00 | 3.08 | 3.01 | 3.16 [ 3.06 [ 326 [ 3.12 | 3.41 | 322 | 359 | 335 | 3.82 | 351 | 412 | 3.73 | 451 | 4.00
3 3.04 | 299 | 3.20 | 3.00 [ 3.18 [ 3.03 [ 330 [ 3.09 | 3.46 | 3.18 | 3.65 | 329 | 3.91 | 345 | 424 | 3.64 | 466 | 3.89
4 3.04 | 298 | 3.11 | 2.98 [ 321 [ 3.01 [ 334 [ 3.06 | 351 | 3.13 | 3.72 | 324 | 400 | 338 | 435 | 3.56 | 482 | 3.79
5 305 | 297 | 3.3 | 297 [ 324 [ 299 [ 338 [ 3.03 | 356 | 3.09 | 3.79 | 3.19 | 409 | 331 | 448 | 3.48 | 499 | 3.69
6 3.06 | 296 | 3.15 | 2.95 | 3.26 [ 2.96 [ 3.42 [ 3.00 | 361 | 3.05 | 3.87 | 3.14 | 419 | 325 | 461 | 340 | 517 | 3.60
7 307 | 296 | 3.16 | 2.94 [ 329 [ 2.94 [ 346 [ 297 | 367 | 3.01 | 3.94 | 3.09 | 429 | 319 | 475 | 333 | 537 | 351
8 3.08 | 295 | 3.18 | 292 [ 332 [ 292 [ 350 [ 294 | 3.73 | 2.98 | 4.02 | 3.04 | 440 | 314 | 490 | 3.26 | 558 | 3.42
9 3.08 | 294 | 320 | 291 | 335 [ 2.90 [ 354 [ 291 | 3.79 | 2.904 | 410 | 3.00 | 452 | 3.08 | 506 | 3.19 | 5.81 | 3.34
10 3.09 | 293 | 322 | 2.89 | 338 [ 2.87 [ 358 [ 2.88 | 3.85 | 2.90 | 419 | 2.95 | 464 | 3.03 | 523 | 3.13 | 6.06 | 3.26
11 310 | 293 [ 323 | 2.88 [ 3.41 | 285 | 3.63 [ 2.85 | 3.91 | 2.87 [ 428 | 2.91 | 476 | 297 | 5.42 [ 3.07 | 633 | 3.19
12 311 | 292 [ 325 | 2.86 | 3.44 | 283 | 367 [ 282 | 3.98 | 2.83 [ 437 | 2.87 [ 490 | 2.93 | 561 | 3.01 | 6.63 | 3.12
0 4.02 4.06 4.14 4.26 4.41 4.62 4.88 5.22 5.66
1 4.03 | 400 | 409 | 403 | 419 | 410 | 432 [ 420 | 450 [ 433 | 473 | 451 | 502 | 475 | 540 | 5.05 | 5.89 | 5.44
2 404 | 399 | 412 | 401 | 423 | 405 | 438 | 414 | 458 [ 425 | 484 | 441 | 517 | 462 | 560 | 489 | 6.15 | 5.24
3 406 | 3.97 | 415 | 398 | 428 | 401 | 445 | 408 [ 468 [ 418 [ 496 | 432 | 533 | 450 | 581 | 474 | 6.43 | 5.05
4 407 | 396 | 418 | 395 | 433 | 397 | 452 [ 402 [ 477 [ 411 | 509 | 423 | 5550 | 439 | 6.03 | 460 | 6.73 | 4.88
5 409 | 395 | 421 ]| 392 | 438 | 393 | 459 | 397 [ 487 [ 404 [ 522 | 414 | 568 | 428 | 627 | 447 | 707 | 471
6 410 | 393 | 424 | 390 | 443 | 389 | 466 | 391 [ 497 [ 397 | 536 | 406 | 587 | 418 | 654 | 435 | 7.44 | 456
7 412 | 392 | 427 | 387 | 448 | 385 | 474 | 386 [ 508 [ 3.90 [ 551 [ 3.98 | 6.07 | 408 | 6.83 | 423 | 7.86 | 4.4
8 413 | 391 | 430 | 384 | 453 | 381 | 482 | 381 [ 519 [ 3.84 [ 567 [ 3.90 | 6.29 | 3.99 | 7.14 | 412 | 832 | 4.29
9 415 | 389 | 434 | 382 | 458 | 3.78 | 490 | 3.76 [ 530 [ 3.78 | 5.83 | 3.82 | 653 | 3.90 | 748 | 401 | 884 | 4.16
10 416 | 3.88 | 437 | 379 | 464 | 374 | 498 | 372 [ 543 [ 372 [ 601 | 3.75 | 6.78 | 3.81 | 7.86 | 3.91 | 9.43 | 4.04
11 418 | 3.87 | 440 | 377 | 469 | 3.70 | 507 | 367 [ 555 [ 366 [ 6.19 [ 3.68 | 7.06 | 3.73 | 8.28 | 3.81 | 10.10] 3.93
12 419 | 385 | 444 | 374 | 475 | 367 | 5.16 | 362 [ 569 [ 361 [ 639 [ 362 | 736 | 3.65 | 874 | 3.72 | 10.88 ] 3.82
0 5.02 5.08 5.18 5.32 5.52 5.77 6.53 7.07
1 504 | 500 | 512 | 503 [ 525 [ 511 [ 542 [ 523 | 5565 | 539 | 595 | 561 | 633 | 590 | 681 | 6.26 | 7.44 | 6.73
2 506 | 498 | 517 | 499 | 532 [ 5.04 [ 552 [ 513 | 579 | 527 | 6.13 | 546 | 6556 | 5.70 | 712 | 6.02 | 7.86 | 6.43
3 509 | 495 | 522 | 495 | 539 [ 498 [ 563 [ 505 | 593 | 516 | 632 | 531 | 6.82 | 552 | 747 | 5.80 | 832 | 6.15
4 511 | 493 | 526 | 490 | 547 [ 491 [ 574 | 496 | 6.08 | 5.05 | 653 | 5.18 | 710 | 535 | 7.84 | 559 | 8.84 | 5.89
5 513 | 491 | 531 | 486 | 555 [ 485 [ 585 [ 488 | 6.24 | 494 | 675 | 5.05 | 740 | 5.19 | 826 | 540 | 9.43 | 5.66
6 515 | 489 | 536 | 482 | 563 [ 479 [ 597 [ 480 | 6.41 | 484 | 698 | 492 | 773 | 5.04 | 872 | 5.21 | 10.10| 5.44
7 518 | 487 | 541 | 478 | 571 [ 473 [ 610 [ 472 | 659 | 474 | 7.24 | 480 | 8.09 | 490 | 9.24 | 5.05 | 10.88 | 5.24
8 520 | 485 | 546 | 474 | 580 [ 468 [ 623 | 464 | 678 | 465 | 751 | 469 | 848 | 477 | 982 | 489 | 11.79 | 5.05
9 522 | 483 | 551 | 470 | 589 | 462 | 636 [ 457 | 698 | 456 | 7.80 | 458 | 8.91 | 4.64 | 1049] 4.74 | 12.86 | 4.88
10 525 | 481 | 557 | 467 [ 598 [ 456 [ 650 [ 450 | 7.19 | 447 | 812 | 448 | 939 | 452 | 11.24] 460 | 1424 ] 472
11 527 | 479 | 562 | 463 | 607 [ 451 [ 665 [ 443 | 742 | 439 | 846 | 438 | 993 | 441 | 12.12] 447 | 1571 ] 456
12 530 | 477 | 568 | 459 | 6.17 [ 446 [ 6.81 | 437 | 766 | 431 | 883 | 429 | 1053 ] 430 | 13.15] 434 | 17.68 | 4.42
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