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Differential Embankment and Grading Footprint for 10' Diameter Culvert Grade Separation for Trail

Givens and Assumptions

Railway crosses existing trail in a region represented by a level plane.

Trail surface is assumed to be on this level plane. Culvert flowline is also on plane; trail profile rises through culvert.
Railway typical sections are shown on Sheet No.1 of 7 for the default condition and at the grade separation.

A crest vertical curve with R = -0.10 has it's VPI at the intersection with the trail.

Sag vertical curves with R = +0.05 used to transition between level default grade and 1.0% grades.

Minimum 3 feet of cover required from top of culvert pipe to base of tie, per AREMA MRE.

Top of railway subgrade is one foot above top of culvert.

Determine the Profile and Curve Combination to Use
Wellington |Crest Required |Default VPI-VPI Distance

Profile Curve * Middle VPI Subgrade |Distance |Between

Grade Length, ft. |Ordinate, ft|Elevation [Elevation Vert Curves
0.40% 800 0.80 11.80 3.00] 2200.00{ 1400.00
0.44% 880 0.97 11.97 3.00|] 2038.18| 1158.18
0.48% 960 1.15 12.15 3.00| 1906.67 946.67
0.52% 1040 1.35 12.35 3.00| 1798.46 758.46
0.56% 1120 1.57 12.57 3.00| 1708.57 588.57
0.60% 1200 1.80 12.80 3.00|] 1633.33 433.33 |USE
0.64% 1280 2.05 13.05 3.00| 1570.00 290.00
0.68% 1360 2.31 13.31 3.00| 1516.47 156.47
0.72% 1440 2.59 13.59 3.00] 1471.11 31.11
0.76% 1520 2.89 13.89 3.00| 1432.63 (87.37)
0.80% 1600 3.20 14.20 3.00] 1400.00{ (200.00)

* Due to selected profile grade combinations, length of Wellington sag and crest curves are equal.

Determine Middle Ordinate of Sag Vertical Curve

Gl= 0.00%
G2 = 0.60% M.O. = 0.9 ft
L= 1200 ft

Compute length of profile change necessary to accommodate the trail grade separation

Assumed Elevation of existing ground plane and trail surface: 0.00
Assumed Elevation of railway top of subgrade/bottom of subballast: 3.00
Calculated Elevation of top of subgrade VPI at trail crossing: 12.80
Distance from Sag VPI to Crest VPI: 1633.33 ft
Total length of profile change: 4466.67 ft
End Area of Default Typical Section (see diagram on Sheet No. 4)
H= 3 ft B= 56 ft A= 150 SF
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Earthwork VVolume Calculation
Default Subgrade Subgrade for Grade Separation Additional | Additional
Station | End Area  Volume H B End Area = Volume Volume | Footprint
SF CY FT FT SF CY CY AC
PVC 0+00.00 150 3.00 56 150
Sag VPI 6+00.00 150 3,333 3.90 59.6 202 3,911 578 0.02
EVC 12+00.00 150 3,333 6.60 70.4 378 6,444 3,111 0.12
PVC 16+33.33 150 2,407 9.20 80.8 574 7,640 5,233 0.19
Crest VPI 22+33.33 150 3,333 11.00 88 726 14,444 11,111 0.39
EVC 28+33.33 150 3,333 9.20 80.8 574 14,444 11,111 0.39
PVC 32+66.67 150 2,407 6.60 70.4 378 7,640 5,233 0.19
Sag VPI 38+66.67 150 3,333 3.90 59.6 202 6,444 3,111 0.12
EVC 44+66.67 150 3,333 3.00 56 150 3,911 578 0.02
Totals 24,812 64,878 40,066 1.44
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Differential Embankment and Grading Footprint for 3-Span Bridge with 10' Clearance Grade Separation
for Trail

Givens and Assumptions

Railway crosses existing trail in a region represented by a level plane.

Trail surface is assumed to be on this level plane.

Railway typical sections are shown on Sheet No.1 of 7 for the default condition and at the grade separation.
A crest vertical curve with R = -0.10 has it's VPI at the intersection with the trail.

Sag vertical curves with R = +0.05 used to transition between level default grade and 1.0% grades.

Bridge structure depth is 6'-0" from top of rail to low chord of span.

Top of rail to top of subgrade is 3'-3"; top of subgrade is 2'-9" (2.75") above low chord of bridge.

Determine the Profile and Curve Combination to Use
Wellington |Crest Required |Default VPI-VPI Distance

Profile Curve * Middle VPI Subgrade |Distance |Between

Grade Length, ft. |Ordinate, ft|Elevation [Elevation Vert Curves
0.60% 1200 1.80 14.55 3.00] 1925.00 725.00
0.62% 1240 1.92 14.67 3.00| 1882.58 642.58
0.64% 1280 2.05 14.80 3.00| 1843.44 563.44
0.66% 1320 2.18 14.93 3.00| 1807.27 487.27
0.68% 1360 231 15.06 3.00| 1773.82 413.82
0.70% 1400 2.45 15.20 3.00| 1742.86 342.86 |USE
0.72% 1440 2.59 15.34 3.00| 1714.17 274.17
0.74% 1480 2.74 15.49 3.00| 1687.57 207.57
0.76% 1520 2.89 15.64 3.00| 1662.89 142.89
0.78% 1560 3.04 15.79 3.00| 1640.00 80.00
0.80% 1600 3.20 15.95 3.00] 1618.75 18.75

* Due to selected profile grade combinations, length of Wellington sag and crest curves are equal.

Determine Middle Ordinate of Sag Vertical Curve

Gl= 0.00%
G2 = 0.70% M.O. = 1.225 ft
L= 1400 ft

Compute length of profile change necessary to accommodate the trail grade separation

Assumed Elevation of existing ground plane and trail surface: 0.00
Assumed Elevation of railway top of subgrade/bottom of subballast: 3.00
Calculated Elevation of top of subgrade VPI at trail crossing: 15.20
Distance from Sag VPI to Crest VPI: 1742.86 ft
Total length of profile change: 4885.71 ft
End Area of Default Typical Section (see diagram on Sheet No. 4)
H= 3 ft B= 56 ft A= 150 SF
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Earthwork VVolume Calculation
Default Subgrade Subgrade for Grade Separation Additional | Additional
Station | End Area  Volume H B End Area = Volume Volume | Footprint
SF CY FT FT SF CY CY AC
PVC 0+00.00 150 3.00 56 150
Sag VPI 7+00.00 150 3,889 4.23 60.9 222 4,822 933 0.04
EVC 14+00.00 150 3,889 7.90 75.6 472 8,996 5,107 0.20
PVC 16+42.86 150 1,349 10.30 85.2 665 5,113 3,764 0.14
Crest VPI 24+42 .86 150 4,444 12.75 95 886 22,978 18,534 0.63
EVC 32+42.86 150 4,444 10.30 85.2 665 22,978 18,534 0.63
PVC 34+85.71 150 1,349 7.90 75.6 472 5,113 3,764 0.14
Sag VPI 41+85.71 150 3,889 4.23 60.9 222 8,996 5,107 0.20
EVC 48+85.71 150 3,889 3.00 56 150 4,822 933 0.04
Totals 27,142 83,818 56,676 2.02
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Differential Embankment and Grading Footprint for 3-Span Bridge with 15' Clearance Grade Separation
for Trail

Givens and Assumptions

Railway crosses existing trail in a region represented by a level plane.

Trail surface is assumed to be on this level plane.

Railway typical sections are shown on Sheet No.1 of 7 for the default condition and at the grade separation.
A crest vertical curve with R = -0.10 has it's VPI at the intersection with the trail.

Sag vertical curves with R = +0.05 used to transition between level default grade and 1.0% grades.

Bridge structure depth is 6'-0" from top of rail to low chord of span.

Top of rail to top of subgrade is 3'-3"; top of subgrade is 2'-9" (2.75") above low chord of bridge.

Determine the Profile and Curve Combination to Use
Wellington |Crest Required |Default VPI-VPI Distance

Profile Curve * Middle VPI Subgrade |Distance |Between

Grade Length, ft. |Ordinate, ft|Elevation [Elevation Vert Curves
0.80% 1600 3.20 20.95 3.00| 2243.75 643.75
0.82% 1640 3.36 21.11 3.00|] 2208.78 568.78
0.84% 1680 3.53 21.28 3.00] 2175.95 495.95
0.86% 1720 3.70 21.45 3.00| 2145.12 425.12
0.88% 1760 3.87 21.62 3.00|] 2116.14 356.14
0.90% 1800 4.05 21.80 3.00| 2088.89 288.89 |USE
0.92% 1840 4.23 21.98 3.00|] 2063.26 223.26
0.94% 1880 4.42 22.17 3.00] 2039.15 159.15
0.96% 1920 461 22.36 3.00| 2016.46 96.46
0.98% 1960 4.80 22.55 3.00| 1995.10 35.10
1.00% 2000 5.00 22.75 3.00] 1975.00 (25.00)

* Due to selected profile grade combinations, length of Wellington sag and crest curves are equal.

Determine Middle Ordinate of Sag Vertical Curve

Gl= 0.00%
G2 = 0.90% M.O. = 2.025 ft
L= 1800 ft

Compute length of profile change necessary to accommodate the trail grade separation

Assumed Elevation of existing ground plane and trail surface: 0.00
Assumed Elevation of railway top of subgrade/bottom of subballast: 3.00
Calculated Elevation of top of subgrade VPI at trail crossing: 21.80
Distance from Sag VPI to Crest VPI: 2088.89 ft
Total length of profile change: 5977.78 ft
End Area of Default Typical Section (see diagram on Sheet No. 4)
H= 3 ft B= 56 ft A= 150 SF
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Earthwork VVolume Calculation
Default Subgrade Subgrade for Grade Separation Additional | Additional
Station | End Area  Volume H B End Area = Volume Volume | Footprint
SF CY FT FT SF CY CY AC
PVC 0+00.00 150 3.00 56 150
Sag VPI 9+00.00 150 5,000 5.03 64.1 272 7,033 2,033 0.08
EVC 18+00.00 150 5,000 11.10 88.4 735 16,783 11,783 0.42
PVC 20+88.89 150 1,605 13.70 98.8 978 9,164 7,559 0.25
Crest VPI 29+88.89 150 5,000 17.75 115 1411 39,817 34,817 1.05
EVC 38+88.89 150 5,000 13.70 98.8 978 39,817 34,817 1.05
PVC 41+77.78 150 1,605 11.10 88.4 735 9,164 7,559 0.25
Sag VPI 50+77.78 150 5,000 5.03 64.1 272 16,783 11,783 0.42
EVC 59+77.78 150 5,000 3.00 56 150 7,033 2,033 0.08
Totals 33,210 145,594 112,384 3.60
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