Comprehensive Lab: Horizontal, Vertical Alignment and Sight Distance

Given Information:

Design Classification:  Rural Collector, 2-12’ lanes (undivided)

Terrain: Rolling

Design Speed = 40 mph

Design ADT=770, Construction ADT=530

DHV=12%, T=7%

NC= -2%

Project Description:

This project consists of re-aligning portions of Maries County Route AA and replacing bridge # W268.  New bridge/culvert box length=100 ft+-

Project starts at station 226+30, the ending station will depend on the length of the curves designed.  

The tie-end bearings are S48°40’57”E at the beginning of project and S41°01’12”E at the end of project.  The tie-end bearings intersect a middle bearing of S36°03’05”E, which means there will be two horizontal curves in this alignment.

Vertical Alignment:

1st curve:

Incoming grade = -0.3%, outgoing grade = +5.07%

VPI Station 236+30.00, elevation = 721.14

2nd curve:

Incoming grade = +5.07%, outgoing grade = +1.06%

VPI Station 240+22.74, Elevation 741.04

Hints:

Fig.4-04.1 has all the design guidelines.  

The ahead bearing for the first curve is S36°03’05”E, and the ahead bearing for the second curve is S41°01’12”E.

It is not advisable to place the PC of a curve at the beginning of the project or the PT at the end of the project.  Leave enough room for superelevation runout lengths.

1) Find L, R, and T for each curve.

	From Figure 4-04.1:
	Equations:

	Max. D = 12 ¼
	R = 5729.58/D

	Max. Grade = 8%
	L = R/180

	SSD for Crest Curve 275-325
	T = R tan (/2)

	K for Sag Curve 60-70
	


Why one curve will not work:

From the given bearings, S48°40’57”E – S41°01’12”E  = 7.663

If you take a look at the geometry on the plan sheet, these two bearings cross at a location where the tangent section falls of the pavement, so you would have to extend the limits of construction for the project. This is only a bridge replacement, so realigning another curve in this project is not an economical/practical solution.

SOLUTION A

a) A single curve would have to be at least 500’ according to the PDM guidelines.  Also the PDM suggests to approximate L, by L=15x40, which yields to L=600 ft.

b) The only way to get a curve of 600’ in length and stay within guidelines, we need to consider having 2 curves in our alignment.

Curve 1

Back bearing (given) = S 48° 40’ 57” E

Ahead bearing (given) = S 36° 3’ 5” E

a) Find the  in between the back and ahead bearings, =12.6311° RT

b) Assume L=600’ (see part b above), and solve for R, R=180L/R=(180)(600) /, so R=2721.67’
c) Solve for D, D=5729.58/R; D=5729.58/2721.67, which yields to D=2.105°
d) Solve for T, T=2721.67tan(12.631/2), which yields to T=301.22’
Curve 2

Back bearing (given) = S36°3’5”E

Ahead bearing (given) = S41°1’12”E

a) Find the  in between the back and ahead bearings, =4.9684° LT

b) Assume L=600’ (see part b above), and solve for R, R=180L/R=(180)(600) /, so R=6919.22’
c) Solve for D, D=5729.58/R; D=5729.58/6919.22, which yields to D=0.8281°
d) Solve for T, T=6919.22 tan (4.9684/2), which yields to T=300.19
SOLUTION B

a) A single curve would have to be at least 500’ according to the PDM guidelines.  Also the PDM suggests to keep degree of curve at max of 12 ¼.  I will choose a mild degrees of curves so I won’t need as much superelevation.  However, you will need to decide what’s an acceptable degree of curve. 

b) The length of curve is unknown at this time and will be determined by the degree of curvature.

Curve 1

Back bearing (given) = S 48° 40’ 57” E

Ahead bearing (given) = S 36° 3’ 5” E

b) Find the  in between the back and ahead bearings, =12.6311° RT

c) Solve for R, assume D=2 R=5729.58/D R=5729.58/2, so R=2864.79’
d) Solve for L, L=R/180; L=(12.6311)(2864.79)/180, which yields to L=631.53ft
e) Solve for T, T=2864.79tan(12.6311/2), which yields to T=317.06’
Curve 2

Back bearing (given) = S36°3’5”E

Ahead bearing (given) = S41°1’12”E

a) Find the  in between the back and ahead bearings, =4.9686° LT

b) Solve for R, assume D=1 R=5729.58/D R=5729.58/1 so R=5729.58’
f) Solve for L, L=R/180; L=(4.9686)(5729.58)/180, which yields to L=496.86ft which is <500 ft, but close enough, and this is a low volume curve, it makes sense to just keep the D=1°.  If you wanted a curve L=500 ft or longer, you’ll need to choose a smaller D.  It’s your designer’s judgment to choose the most practical design.
c) Solve for T, T=5729.58 tan (4.9686/2), which yields to T=248.59ft
2) Find PC, and PT stationing for each curve.

If centerline of bridge/culvert box is at station 236+58.50, and it’s 100’ in length, we need to keep a tangent section approximately between stations 236+50 and 237+20.  So check that there will be no curves within these stations.

Curve 1 Data

If PI station = 230+81.06, and using a length of horizontal curve of 600’ and a tangent length of 301.22’ from the previous step, we can calculate the PC and PT stations.  I provide the PI station to make it easier to solve the problem; however, this is something that is accomplished by trial and error.

PC= PI - T = 23081.06 - 301.22 = 22779.84

PT = PC + L = 22779.84 + 600 = 23379.84

Curve 2 Data

If PI station = 240+99.19, and using a length of horizontal curve of 600’ and a tangent length of 300.19’ from the previous step, we can calculate the PC and PT stations.

PC = PI - T = 24099.19 – 300.19 = 23799.00

PT = PC + L= 23799.00 + 600 = 24399.00

	
	Curve 1 Data
	Curve 2 Data

	PC station
	227+79.84
	237+99.00

	PI station
	230+81.06
	240+99.19

	PT station
	233+79.84
	243+99.00


3) Find Superelevation transition points, and draw a superelevation diagram.  

Are spirals required?

Design speed < 50 mph, so no, spirals are not required.
Curve 1

From standard plan 203.20 page 2/5, MSE=3.0, and L=62

Find:

L/3= 20.67

X= L(NC)/e; 
x= 62(2)/3.0 = 41.33’

Section DD

a) PC + L/3 = 22779.84 + 20.67 = 22800.51

b) PT – L/3 = 23379.84 – 20.67 = 23359.17

Section BB

a) Section DD – L = 22800.51– 62 = 22738.51

b) Section DD + L = 23359.17 +62 = 23421.17

Section AA

a) Section BB – x = 22738.51 - 41.33  = 22697.18

b) Section BB + x = 23421.17+ 41.33 = 23462.50

Section CC

a) Section BB + x = 22738.51 + 41.33 = 22779.84
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Section BB - x = 23421.17 – 41.33 = 23379.84

Curve 2

From standard plan 203.20 page 2/5, No Superelevation required.

4) Find VPI and VPT stationing and elevations for each vertical curve.  Check for SSD if appropriate.

Vertical Curve 1:

The first vertical curve is a SAG curve.  The length of sag curves are based on headlight sight distance, which was taken into consideration when the K values presented in Figure 4-04.3 were calculated.

Given information:

VPI Station 236+30.00, elevation = 721.14

g1 = -0.30% and g2 = +5.07%

So, A= g2 – g1 = 5.07 – (-0.3) = 5.37%

Parameters from 4-04.1 & 4-04.3

SSD 275-325, V=40 mph, Sag K = 60-70, Crest K = 60-80

Max. % grade = +-7%

a) Estimate length of vertical curve L

Using K=60-70 and A=5.37%, we can calculate L using the K=L/A formula because this is a sag curve.  This range of L can be between 322.20-375.90 ft.

So, with the given VPI information and knowing our superelevation section AA (234+57.38) we can calculate the distance between these two key points which is 172.62 ft. We’re trying to fit the bridge in a tangent section of the chain with constant superelevation.  This means that L/2 must be < 172 ft.

Since length of vertical curves are rounded to the nearest 10 ft, then I will choose L= 340 (170x2).

The next step is to calculate the K value.

 K=L/A=340/5.37=63.3, we will round to K =63.  This K >60 and < 70, so we are okay.

b) Find VPC station

VPC station = VPI station - L/2

VPC station = 236+30 + 340/2 

VPC station = 23460 (234+60.00)
c) Find VPC elevation

VPC elevation = VPI elevation - (g1/100)(L/2)

VPC elevation = 721.14- (-0.3/100)(170)

VPC elevation = 721.65

d) Find VPT station

VPT station = VPI station + L/2

VPT station = 23630  + 340/2

VPT station = 23800 (238+00)

e) Find VPT elevation

VPT elevation = VPI elevation + (g2/100)(L/2)

VPT elevation = 721.14 + (5.07/100)(340/2)

VPT elevation = 729.76

To double check your answer, you can use the following equation:

VPT elevation = VPC elevation +g1x/100 +x2/(200K), 

Where x=L (length of vertical curve) and K=63

VPT elevation = 721.65 + (-0.003)(340) +3402/(200*63)

VPT elevation = 729.80 vs. 728.76 which is pretty close considering all the rounding of L and K.

Vertical Curve 2:

The second vertical curve is a CREST curve.  The length of crest curves are based on stopping sight distance.  Refer to Fig. 4-04.4 to calculate the length based on the standard desirable SSD.

Given information:

Incoming grade = +5.07%, outgoing grade = +1.06%

VPI Station 240+22.74, Elevation 741.04

Max grade = 8%, Min. SSD = 275, Desirable SSD = 325

g1 = +5.07% and g2 = +1.06%

So, A= g2 – g1 = 1.06 – 5.07 = 4.01%

f) Estimate length of vertical curve L

For A=4.01%, and assuming an SSD=275-325  (desirable)

Looking at the graph in Fig. 4-04.4, and knowing that A=4.01, we can see that L approximately can be between 200-325 ft (a short vertical curve).  The distance from the VPI of this curve and the VPT of the previous curve is 222.74 ft, which means L/2 < 222.74 (L=445.48).  The  min K=60 (L=240.6), and max K=80 (L=320.8), so we have to keep the curve length between 250-320.  I will be conservative and go with the greatest length of vertical curve allowed, so I will choose 320.

Next step is to calculate the SSD for an L=320 using the equation from PDM Figure  4-04.4 S>L, S =(L+(1329/A))/2=325.71 (330 according to Fig. 4-01.1, more than desirable SSD, so okay design)

Find VPC station

VPC station = VPI station -L/2

VPC station = 24022.74 + 320/2 

VPC station = 23862.74 (238+62.74)
g) Find VPC elevation

VPC elevation = VPI elevation - (g1/100)(L/2)

VPI elevation = 741.04 + (5.07/100)(320/2)

VPI elevation = 732.93

h) Find VPT station

VPT station = VPI station + L/2

VPT station = 24022.74 + 320/2

VPT station = 24182.74 (241+82.74)

i) Find VPT elevation

VPT elevation = VPI elevation + (g2/100)(L/2)

VPT elevation = 741.04 + (1.06/100)(320/2)

VPT elevation = 742.74
5) Calculate the low and high point of the curves.

Equations:

xm = g1(L)/(g1-g2)

Ex = EPC + g1(xm)/100 +x2/(200K)

Curve 1 (Low Point)

Location of Low Point

xm = -0.3(340)/(-0.3-5.07)

xm = -102/-5.37

xm = 18.99 ft from VPC

Low Point at Station 234+78.99

Elevation of Low Point

E49.122 = 721.65 + (-0.003)(18.99) + 18.992/(200*63)

E49.122 = 721.65 + (-0.057) + 0.0286

E49.122 = 721.62

Curve 2 (High Point)

The equation given for finding low points and high points of curves only work for a Type I crest/sag curve.  For Type II crest/sag curves, the high/low points are either the VPC/VPT.  See plan sheet for detail.

Location of High Point

VPT station 241+82.74

Elevation of High Point

E = 742.74





















