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C=2xR xSin(g) _ 2><300><sin(85215 ) = 406.318"

Bl = TxTan(%) = 276.106><Tan(85415 ) =107.719
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M = Rx (1—Cos(Z ) 300 (1 Cos(8515 }) = 79.259"

L =Rx 0 =300x8515'x —— = 446.368"
180

km, o =km, =T =9+861.014 |, =38.986"
| =50" «>8
M., =km. . + L =10+307.382 |, =7.382"

- 30950, 180 54320340

T2x300 7

=20 180 462873 3 g = g, = 42°37'30"
2x300 7 =

,_ 7382 180

— =0°42'17.79"
2><3OO T

G, — 2xRxsin(Y ) X, =G, xcos(Y)

Ll oLy ! o C, X, Y,

1 38.986™ | 3743'22.34" 38.958" 38.876" 2.530"

50" 4°46'28.73" | 88.660" 87.690" 13.101"

50™ 4°46'28.73" | 137.746" 134.067" 31.623"

50" 4°46'28.73" | 185.876" | 176.732" | 57.583"

50" 4°46'28.73" | 232.717" | 369.476™ | 84.33"

50" 4°46'28.73" | 277.941" 246.322" | 128.753"

50" 4°46'28.73" | 321.238" 271.317™ | 171.990"

50™ 4°46'28.73" | 362.304" 288.794™ | 218.774"

50™ 4°46'28.73" | 400.856" 298.268™ | 267.809"

7.382" 0°42'17.79" | 406.318" 298.970" 275.158™
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C,=2xRx Sin(g)

M, =Rx (1—Cos(§))
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pow Sax) bl

C,=2xRx Sin(g)

M, =Rx (1—Cos(§))

C,=2xRx Sin(g)
0
M, = Rx(l—Cos(Z))
polex a4z, bls
. 0
C,=2xRxSin(—
4 XRX (16)

M, =Rx (1—Cos(%))
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0=0,+6,

T,=R xTan(%)

=L, =T+T,

T,=R, ><Tan(0—22)
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DT = RxTan(%)

:>T1+T2:Illz:RxTan(ﬁ)JrRxTan(i):R: 1,
& 2 2 , 0,
2) T,=R xTan(?z) Tan(z) Tan (?)
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R#R,, P=m-+m, d=DC+CE

ADCO, :Sin(6) =[;—C:>E: R, xSin(6)
' =d =R, xSin(#)+R,xSin(d) =d = (R, +R,)Sin ()

ACEOQ, :Sin () :c;—E:Cf: R, xSin(6)

2

DO,

m, =R, - DO, ADCO, : Cos(0) = = DO, =R, xCos(6)

1

=m, =R, —R xCos(d) = m, =R, (1-Cos(0)) (@)

EO,

m, =R, —-EO, , AECO, : Cos(6) = R = EO, =R, xCos(0)

2

=m,=R,-R,xCos(0) = m, =R,(1-Cos(0)) ((2))
— @@ _yp_m +m,=R,(1-Cos(0))+R,(1-Cos(8)) = P = (R, +R,)(1—Cos(8))

I, =T,+T, = Rlean(g) ‘R, xTan(g) _(R,+ Rz)xTan(g)

AB=C,+C, :2><RixSin(§)+2><R2xSin(g):E:ZXSin(g)(RﬁrRz):

Sin(9)=i : Sin(9)=iz>i=i:msz=2><(R1+R2)XP:>
2" 2(R+R) 2” AB 2(R+R,) AB
AB = [2(R, +R,)P = AB2 =2(R, +R,)(R, +R,)(1-Cos(6)) = AB? = 2(R, + R,)(1—Cos(6))

= AB = (R, +R,) x/2x (1-Cos(6))

Ri=R;,0,=0, sSa0 <5 po (wgd pgo (o5 >
Al b3 esd 90 sl b (sled (29,5 5 699,9 SSlEL sk o9 silae p (98l Sl opl yo
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d=2xRxSin(@) , P=2xRx(1-Cos(9)) , L1, 2><T=2><R><Tan(§)

AB=2xC =4x RxSin(g)=2x\/RP d =C><COS(§)=2><\/R><P><COS(§)

2
—d=2x /P(R—;) , AB:Zx\/RP:R:'Zi AB =2x Rx/2(1—Cos(0)
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KM, =1+536.11 A, =55"18'30" A, =70"1315" R =70" R,=80"
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sin(0) = ¢ =
Il
2" sin(@)  Sin(v)

T :than(XJ
2
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*Super Elevation
"Centrifugal Force
"Gravity Force
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Key Terms

Arc

Arc definition

Centerline

Central angle

Chord

Chord definition

Circular curve

Construction

Contours

Deflection angle

Degree of curve

Direction of travel

Elevation

External distance

Grade

Horizontal curve

Length of arc

Mid-ordinate distance

Offset

Parabola

Percent of slope

Radian

Radius

Radius point

Rate of change

Right of way

Sag curve

Slope stakes

Stationing

Summit curve

Tangent

Tangent offsets

Vertical curves

Example Problem 1
Problem B-5 1990 LS

You have been provided design criteria shown in the diagrams 1, 2, and 3, below and on the next
page.

Answer the following questions using the information provided in the diagrams.

1. Determine the ground elevation of the back of the sidewalk at the following locations:
1. Driveway centerline
2. Southeasterly property corner
3. Southwesterly property corner

Provide the grade percentage between Point C and the building pad. Show all calculations.

3. What is the slope ratio from Point A to the toe of slope?
Calculate the cut from the back of the sidewalk to the sewer lateral invert at the property line.

Calculate the distance from the north property line to the toe of slope at Point B.
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Elev.
187.17'

BVC
—— Sta 12435

Diagram 1

Street Q Profile
Length of

VC = 500

—— Sta 7+35

Diagram 2
Street Section

Level Line \Q/

| p— =

TR e TR
Ground = 192.0 (TYP)
- L I

| = Level

-Top of
Slope

Building Pad
Elev = 199.80

Sewer Lateral
Invert Elev =
[ Grace | 4 [/ 19650
Break ry ]

1%

*
1% — Level

= : )
< / I/PomtA
= lop of Slope P\J = - Top of Slope

1' Above Swale

= Toe & -~ (TYP)

__ Sidewalk—"
L

Street

Diagram 3
Plan View
(all dimensions are in ft)
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Solution of 1990 California LS Examination Problem B-5
NOTE: See video for solution methodology; £0.02’ 1s acceptable for all answers.

d.
Sample Test Questions

Calculation of the elevation of the back of sidewalk at the:

A. Centerline of the driveway: 192.69’

B. Southeasterly property corner: 190.80’
C. Southwesterly property corner: 193.28’

Grade percentage of the slope between Point C and the top of building pad: 3.40%

Slope ratio from Point A to toe of slope opposite Point A: 39.68% or 2.52/1

Cut from the back of sidewalk to the invert of sewer lateral at the property line: C-3 76’

Distance from the north property line to toe of slope at point B: 5.66’

. What 1s the “station” of the ending point of a surveyed line originating at “sta. 23+45.50” that

has a measured length of 412.91 ft?
. Sta. 19+32.59
. Sta. 27+58.41
. Sta. 19+32.41
. Sta. 27+58.59

. How far apart 1s survey point “G” (sta. 61+56.81) and survey point “H” (sta. 24+12.93) ?

A. 8,569.26
B. 3,743.22
C. 3,743.88 ft
D. 8,569.74 ft

3. A section of road rises 18.50 ft in 435 ft (horizontal run). What 1s the percentage of slope for

this section of the road (nearest two decimal places)?
. +4.25%

. 4.25%

O, +4.05%
. -4.05%

. The percentage of slope for a proposed ramp 1s -2.65%. What 1s the change in elevation of this

ramp for a horizontal length of 412 ft?
. +10.92
. +100.92
. -10.92 ft
. -100.92
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5. A distance measured perpendicularly from the center or base line of a survey project is called:
. agonic line
. an offset
. tangent correction line
. secant correction line

Stationing and offsets may define a system.
. solar correction
. plane coordinate
. cadastral
. construction

NGVD'1929 is one of the control systems that are referenced to.
. elevations
. solar positions
. horizontal positions

. GIS data bases

Two cross sections, plotted at a horizontal scale: 1 in=40 ft, and vertical scale: 1 in=10 ft, along
with their areas are shown 1n the sketch below. Compute the volume (in cubic yards) contained
between the two stations.
. 147,840
73,920

. 16,427
. 2,738

In laying out a highway for construction, slope stakes are needed. A fill is required at station
14+40; centerline elevation 48.75. The full width of the road from top of slope to top of slope
1s 36 ft and 1s level. The road design specifies side slopes of 2.5/1. A trial shot 1s taken 40.0 ft
from the centerline at elevation 42.3. Assuming natural ground i1s fairly level, how far and in
which direction from the trial shot should the “catch point” be located and staked?

A. 194 ft toward centerline

B. 5.9 ft away from centerline

C. 5.9 ft toward centerline

D. 19.4 ft away from centerline

10. What 1s the length of arc for the horizontal curve shown in the sketch below?
A. 73.79 ft
B. 147.12 ft
C. 146.88 ft
D. 145.85 ft

'Since The Sea Level Datum Of 1929 Was A Hybrid Model, It Was Not A Pure Model Of Mean Sea Level, The Geoid, Or Any Other

Equipotential Surface. Therefore, It Was Renamed The National Geodetic Vertical Datum Of 1929 (Ngvd 29) In 1973. The Ngvd 29 Was
Subsequently Replaced By The North American Vertical Datum Of 1988 (Navd 88) Based Upon The General Adjustment Of The North
American Datum Of 1988
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AP 14" 21
e ~

. Not to Scal
11. What 1s the otto Scale length of tangent for the

horizontal curve shown 1n the sketch below?
A. 47.14 ft
B. 46.78 ft
C. 46.71 ft
D. 23.94 ft

A= 24°33'N
P

Not to Scale

12. What is the length of long chord for the horizontal curve shown in the sketch below?

. 1,119.82 ft
1,118.58 ft

. 1,1056.25 ft
. 575.01 ft
P A=32°04 50"

~

Not to Scale

13. For a highway curve with a degree of curve of 06° 30°, what 1s the length of chord between

sta.16+32.09 and sta. 17+51.86?
A. 119.65 ft
B. 119.68 ft
C. 119.77 1t
D. 119.81 ft
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14. From the given curve design data, calculate the stations of the BC and EC of this horizontal
curve.

R =1270.00 ft
Sta. @ PI = 34+21.89
I1=-26°14117

. BC=31+25.93; EC = 37+17.85
. BC=31+31.13; EC = 37+12.67
. BC=31+26.42; EC = 37+10.48
. BC =31+25.93; EC = 37+07.48

15. From the following design information for a circular curve:

R =760.00 ft; delta=12°04"157;  Sta @ BC = 9+63.04
‘What is the deflection angle (from the BC) to sta. 10+80?

. Deflection angle = 04° 24’ 32”
. Deflection angle = 04° 24’ 03”
. Deflection angle = 08° 49’ 06”
. Deflection angle = 08° 48’ 06”

16. From the equal-tangent vertical curve data given in the sketch below, calculate the values of gl
and g2.

_-Q Elev. @PVI=80164
- \

—

BVC =88+75

- FOZe O — 4. C A
- gl =-1.95%; g2.= +2.15% Elev. 789.94

. gl =+1.95%; g2.= -2.15%
. gl =-0.51%; g2.= +0.46%

r] = 5 s o). = - 0
. gl =+0.51%; g2.= -0.46% Elev. @ EVC = 788.74

L=12 Sta.

17. Using the equal-tangent vertical curve data given in the sketch below, calculate the station and
elevation for the PVI and the BVC of the curve.
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Elev. 81 + 03.50
Elev. -14.06

. Sta. of BVC = 72+03.50; elev. = -9.34 Sta. of PVI = 21+45.50; elev. = -2.36
. Sta. of BVC = 72+03.50; elev. = -4.62 Sta. of PVI = 76+53.50; elev. = 2.36
. Sta. of BVC = 72+03.50; elev. = 4.62 Sta. of PVI = 21+45.50; elev. = 2.36
. Sta. of BVC = 72+03.50; elev. = 9.34 Sta. of PVI = 21+45.50; elev. = 2.36

18. An equal-tangent vertical curve has the following design data:
g = -3.65%; g =-0.30%; L =4 sta.

‘What is the rate of change for this curve?

A. +0.988% per full station
B. - 0.988% per full station
C. +0.838% per full station
D. - 0.838% per tull station

19. Using the design data for the equal-tangent vertical curve shown in the sketch below, calculate
the station and elevation for the low point of the curve.

| L=800 — 3

BVC 33 +40
Elev. 851.92

. Low point station = 35+65; elev. = 850.31
. Low point station = 35+70; elev. = 850.37
. Low point station = 35+70; elev. = 850.41
. Low point station = 35+90; elev. = 850.37

20. Problem A-6 1992 LS
A surveyor has been requested to set a slope stake at a five-ft offset as shown on the following data
sheet. Place the slope stake for the daylight cut at Station 21+00. Assume the slope has a uniform
grade between topo shots.

WWW.GeoGIS.ir YA e rastgou@yahoo.com



mailto:e_rastgou@yahoo.com
mailto:e_rastguo@yahoo.com

Www.geogis ¥

Requirements: Answer the following questions using the information provided on the data sheet.

A. Determine the following for Station 21+00:
1. Centerline elevation
2. Hingepoint elevation (toe of 2:1 slope)
3. Distance left from centerline for offset stake

B. What specific information should be put on the stake to construct the daylight cut and toe
of slope as required above?
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Sta, 21 +00

G Road Profile

ANO Scaie

v Elev. =100.00

18" Road Cross Section
No Scale

2% 295
ek— | = A

y [
- &~ High Asphalt Berm \

Elev, 108,00

Existing Ground at Staton 21+00

Ng Scala

NOTE: All units are in {t unless otherwise stated

21. Problem B-5 1991 LS

During the rough grading phase of construction, you discovered a 12-inch water pipe crossing the
roadway at Station 18+50. The elevation on top of the pipe 1s 730.92 ft. You have communicated
this information to the project engineer who has asked you to calculate and lay out an equal tangent
vertical curve so that the top of pavement passes 36 in above the top of the water pipe with the
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following design elements:

Vertical curve beginning at Station 16+50 (Vertical Curve #2)
G = +8.75%
G =-1.50%

A drop inlet needs to be installed at the lowest possible elevation between the beginning and end
of horizontal curve #1 along the flowline.

Required:
Show all work in completing the following requirements.

A. Calculate the following elements of horizontal curve #1:
1. Tangent
2. Length
3. EC Station

. Calculate the delta of horizontal curve #2.
. Calculate
1. The station, and
2. The elevation of the top of the drop inlet to be installedbetween the beginning and
the end of horizontal curve #1.
. Calculate the following elements of the equal tangent vertical curve #2:
1. Total length
2. Point of Vertical Intersection Station
3. Pavement elevation at the intersection of the centerline and the water pipe
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Plan View of Future Roadway

Wertical Curve #1
BWC Sta. 14 + 218

L 100.00"
G, = -2.5%

95'0LL = A3

% Curve #2

nsk+ 2 EIS

A

f e
e [ — N — ‘_-E LN
M 0O 23" 32"
=

M= 487 59" 46"
R = 30000

T T 7

&)
=

..H_._._._._ o

Typical Cross Section

Mot fo Scale

Answer Key
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(sta. 27+58.41)

. C.(3,743.88 fv)

AL (+4.25%)

. C.(-10.92 fv)

b5. B. (an offset)

. B. (plane coordinate)

. A. (elevations)

. D.(2,738)

. C. (5.9 ft towards the centerline)

.B. (147.12 1)

. D. (23.94 1)

. Co(1,105.25 fo)

3. B. (119.68 ft)

. D. (the sta. of BC 1s 31+25.93; the sta. of EC 1s 37+07.48)

. A. (the deflection angle to sta. 10+80, 1s 04° 24° 32”)

. B (G = +1.95%; G2 = -2.15%)

. B. (Sta. @ BVC = 72+03.50; elev. = -4.62)

(Sta. @ PVI = 76+53.50; elev. = 2.36)

. C. (+0.838% per full station)
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19. B. (sta. of “low point” = 35+70; elev. = 850.37)

20. NOTE: By using graph paper, the reader may solve or check certain elements of this problem
by plotting and scaling

20A. Calculation of the required elevations and offset distance:

1. Centerline grade of the road @ 21+00 by vertical curve computation: 107.33’
2. Elevation at hingepoint: 107.61°
3. Distance out from centerline for daylight stake: 42.6° + 0.5’

20B. 1. Indicate that stake 1s set five ft offset from daylight at top of slope.

1. Indicate a 6” from begin daylight or 7” from offset stake.
2. Indicate that the design slope 1s 2:1
OR a cut of 6’ out 12’ from daylight

OR a cut of 7° out 17’ from offset stake.

21A. Given: delta = 48° 59’ 467, R = 300.00’

1. T=Rtan % =(300.00) (tan 24° 29’ 53”) = 136.71
A 27 (300) 48° 59' 46"
360° 360°
3. Station 12+35.15 (Station given)
1+00.00

13+35.15

2+56.54
15+91.69 EC

21B. First tangent S 09° 27 56” E
First delta +48° 59’ 46”7
Second tangent S 39° 31’ 50” W
Second tangent S 39° 31’ 50” W
Last tangent -5 00° 23 82”7 W
Delta curve #2 39°08 18

2. L=2zR =256.54

(Given tangent length to BC)

(Length of arc)

0,—-9; _ 8.75 - (-2.5) _
L 1

11.25

| =25 _ .9999 station

11.25
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Given: BVC station 14+21.86
: . . +22.22
station of lowest point ———
14 + 44.08

11.25 (.222°) = (-2.5) (.222) + 705.89=705.61

r
3. EIGV.P=(E ) IZP +g1 (Ip)+E1€VB\'c=

EleV.rop inle= 705.61 - (02) (2()) =705.21

4. Data given for Vertical Curve #2
g =48.75% g =-1.509% BVCsa = 16+50

Compute BVC #2elev.:
PIVC #lelev. = (14+71.86 - 12+35.15)(-2.59%)+710.56 = 704.64

BVC #2clev. = (16+50.00 - 14+71.86)(8.759%)+784.64 = 720.23
Elev. Required @ 18+50 = 730.92+3.00+0.40 = 734.32

9,0,

r=———

L

| = 2 stations
clevy (L) 12+ gl (1)) + Elevae =734.32 = (% ) (LL’LMS) (2)+
P

8.75(2) +720.23
L.=6.01 sta. or round to 600’

2. PIVC #2sta. = 16+50 + 300" = 19+50
3. Existing pipe elev. 730.92
Plus 3.00

Plus crown (gutter to centerline)

3.00
0.40

Pavement centerline over top of pipe
734.32

Example Problem 2
1. A circular curve is most suited for connecting

(a) two straights in horizontal plane only.

e rastgou@yahoo.com
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(b) two straights in vertical plane only.

(c) two straights, one in horizontal plane and the second in vertical plane.
(d) two straights in horizontal plane or vertical plane.

2. A compound curve consists of

(a) two circular arcs of same radius only.

(b) two circular arcs of different radii only.

(c) two circular arcs of different radii with their centers of curvature on the same side of the
common tangent only.

(d) two or more circular arcs of different radii with their centers of curvature on the same side of
the common tangent.

3. A reverse curve consists of

(a) two circular arcs of different radii with their centers of curvature on the same side of the
common tangent only.

(b) two circular arcs of same radius with their centers of curvature on the same side of the
common tangent only.

(c) two circular arcs of different radii with their centers of curvature on the opposite side of the
common tangent only.

(d) two circular arcs of same or different radii with their centers of curvature on the opposite side
of the common tangent.

4. A transition curve is a special type of curve which satisfies the condition that

(a) at the junction with the circular curve, the angle between the tangents to the transition curve
and circular curve should be 90°.

(b) at the junction with the circular curve, the angle between the tangents to the transition curve
and circular curve should be zero.

(c) its curvature at its end should be infinity.
(d) its curvature at its end should be infinity.

5. The most widely used transition curve for small deviation angles for simplicity in setting out
IS

(a) cubic parabola. (b) cubic spiral. (c) lemniscate curve.  (d) hyperbola.

6. The following curve has the property that the rate of change of curvature is same as the rate of
change of increase of superelevation:

(a) Reverse curve.  (b) Compound curve.  (c) Transition curve. (d) Vertical curve.
7. A parabola is used for

(a) summit curves alone. (b) sag curves alone.

(c) both summit and sag curves. (d) none of the above.

8. A parabola is preferred for vertical curves because it has the following property:
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(a) The slope is constant throughout.

(b) The rate of change of slope is constant throughout.

(c) The rate of change of radial acceleration is constant throughout.
(d) None of the above.

9. The shortest distance between the point of commencement and the of end point of tangency of
a circular curve is known as

(a) Long chord. (b) Normal chord.  (c) Sub-chord. (d) Half-chord.
10. The long chord of a circular curve of radius R with deflection angle A is given by
(a) 2R cos(A /2). (b) 2R sin(A /2). (c) 2Rtan(A /2).  (d) 2R sec(A /2).

11. The lengths of long chord and tangent of a circular curve are equal for the deflection angle
of

(a) 30°. (b) 60°. (c) 90°. (d) 120°.
12. The degree of a circular curve of radius 1719 m is approximately equal to
(a) 1°. (b) 10°. (c) 100°. (d) None of the above.

13. If the chainage of point of commencement of a circular curve for a normal chord of 20 m is
2002.48 m, the length of the first sub-chord will be

(@) 2.48 m. (b) 17.52 m. (c) 20 m. (d) 22.48 m.

14. If the chainage of point of tangency of a circular curve for a normal chord of 20 m is 2303.39
m, the length of the last sub-chord will be

(@) 3.39m. (b) 16.61 m. (c) 23.39 m. (d) none of the above.

15. For an ideal transition curve, the relation between the radius r and the distance | measured
from the beginning of the transition curve, is expressed as

(@) lecr (b) lacr? (c) lec 14 (d) lecz/r?

16. For a transition curve, the shift S of a circular curve is given by

L L2 13 13
(8) — b) £ L d)
24R’ ®) 2ur © 2ur @ 2

17. For a transition curve, the polar deflection angle o and the spiral angle Ag are related to
each other by the expression

Ag A A A2
O = —— b O = —S O = —S — S
(a) S 2 ( ) S 3 (C) S 4 (d) Oy 3

18. To avoid inconvenience to passengers on highways, the recommended value of the
centrifugal ratio is
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(a)1. (b) 1/2. (c) 1/4. (d) 1/8.

19. The following value of the change in radial acceleration passes unnoticed by the passengers:

(a) 0.003 m/s?/ sec  (b)0.03 m/s?/sec  (c) 0.3 m/s?/ sec (d) 3.0 m/s?/ sec

20. The curve preferred for vertical curves is a
(a) circular arc. (b) spiral. (c) parabola. (d) hyperbola.

21. If an upgrade of 2% is followed by a downgrade of 2%, and the rate of change of grade is
0.4% per 100 m, the length of the vertical curve will be

(@) 200 m. (b) 400 m. (c) 600 m. (d) 12000 m.

22. For a vertical curve if x is the distance from the point of tangency, the tangent correction is
given by

(a) Cx. (b) Cx2. (c) Cx. (d) Cx4.

ANSWERS
4. (b) 5. (a)

10. (b) 11. (d)
16. (d) 17. (b)
22. (b)
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Sine Half-Wavelength Diminishing Tangent Curve
Wl (halS (cwgivw oo Jobo Bai

@ 5l aS aBlge o iz cpl 05 e oolatul el el Sl gl pls e sl 5l S YM

Jse 2

Sine Half-Wavelength Diminishing Tangent curves can be expressed as:

21
{a? “57 {1- cos(a;r)}}

N . . ° oo Lo RO I . e _ X
alse rloe Jsbo b abiis 0 asls 5 (58 59y 5 el U g9y jlalol coi g X a=—r ol o a8
2l (g 0L B ook ggeze X
ioles Jsb (55, 2 o8 ol b abais o galold e

2 3 3
x =L ZZ22 L _| _0.0206689447 =
487> ) R R

:uuLo.A J9Ja )‘| (ST (59, alaa galols )‘A.B.o
Tangent offset distance at spiral-curve point from tangent-spiral point is:

2 2
Y = {1 - iz} x X 0.14867881635766X—
4 & R R
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4Bl i g 90 oo it pigd 390
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L=50

Cubic Spiral (JP)
ds a5 JLail B

S Sl 6l 5 ol AiglS S| 5 85 015 drgs Al i Ty JLl s a1l
Dg oo ool g A8l dxwgl Wl S5 glad b S65 Bl jul syl

Jge

Cubic Spirals (JP) can be expressed as:

X3

Y= BRX
Where X = Tangent distance at spiral-curve point from tangent-spiral point
X o) nas
This formula can also be expressed as:

2

2RX

(oa ools plad iz g i1 olyinr JS& j0 45) adlioo Jlasl g3 (635 10 sugl; O YL aba) o

tan(6,) =

Other key expressions:

Tangent distance at spiral-curve point from tangent-spiral point is:
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« L 10
10+ tan(@, )?

Tangent offset distance at spiral-curve point from tangent-spiral point is:

2
TotalY = X—
6R

Cubic Parabolas
dw 42 )0 (oo (g3

Rl s (et 40 358 o0 [50m (6505 Cae o b s 42 )0 Ll (g 4 S A 4250 (oot (088
S eS8 51 aShl b ogd e eolitw | i ol 55 g oyl 10w dax 0 Jlasl jwgd 4 s g

@9 9,5 Ol G praw o O Gl oo (Sole g Cnl loy05 a4z s Jlasl ugd 4 S
QS oo oslaiul wgd g9 cpl 3l ool 555 g oyl )0 pwaige lias Jdo cpl a4 aiges eoly 1y o >,

Jse 2

when © -= zero - > we can assume that cos © =1, then x = /.

Further, if we assume that sin & = U, then

x =1 and TotalX = (approximately) L

Substituting this approximation helps us obtain the following equation:

X3

Y= 8RL

All other parameters are the same as the clothoid spiral.
Minimum Radius of Cubic Parabola

The radius at any point on a cubic parabola is:

r =

\2sin@cos® @

A cubic parabola attains minimum r at:

tanezi

N3
r. =1.39JRL
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A cubic parabola radius decreases from infinity to r_. =1.39RL at 24 degrees, 5 minutes, 41

seconds and from then onwards starts to increase again. This makes cubic parabolas useless for
deflections greater than 24 degrees.

Bi-Quadratic (Schramm) Spirals
4z 0 oot 99 LI wgB pl sl (sogas Sl oS polie slylo (plSul) pgo ax o (gl o Jlas! wed
Qb oo ol Wglate gove Jgb 5l oml laxe 4 o] gl a5 a0

.Simple Curve Formula

Curvature of the first parabola:

*12
1:2 IZ for = oslsk
r RL 2

Curvature of the second parabola:

1 4*L*I-1° -2

; ~E for =

This curve is specified by the user-defined length (L) of the transition curve.
Compound Curve Formulas

Curvature of the first parabola:

———] for = 0S|SL

R, R, 2

£
Lo L

2*|2{1 1

Curvature of the second parabola:

1} for = %sISL

'Schramm
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