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Spiral Curves Made Simple

HISTORY

Spiral curves were originally designed for the Railroads to smooth the transition from a
tangent line into simple curves. They helped to minimize the wear and tear on the tracks. Spiral
curves were implemented at a later date on highways to provide a smooth transition from the
tangent line into simple curves. The highway engineers later determined that most drivers will
naturally make that spiral transition with the vehicle; therefore, spiral curves are only used on
highways in special cases today.

Because they were used in the past and in special cases today, we need to know how to
calculate them.

From the surveyor’s perspective, the design of spiral curves has already been determined by
the engineer and will be documented on existing R/W and As-built plans. All we have to do is
use the information shown on these plans to fit the spiral curve within our surveyed alignment.
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Spiral Curves Made Simple

REFERENCES

There are many books available on spiral curves that can help you know and understand how
the design process works. It can get complicated when you dive into the theory and design of
spiral curves.

My reference material includes the following books:

Railroad Curves and Earthwork; by C. Frank Allen, S.B.

Route Surveying and Design; by Carl F. Meyer & David W. Gibson
Surveying Theory and Practice; by Davis, Foote & Kelly
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Spiral Curves Made Simple

ADOT Roadway Guides for use in Office and Field 1986

This guide has all of the formulas and tables that you will need to work with spiral curves. The
formulas, for the most part, are the same formulas used by the Railroad.

The Railroads use the 10 Chord spiral method for layout and have tables setup to divide the
spiral into 10 equal chords. Highway spirals can be laid out with the 10 Chord method but are
generally staked out by centerline stationing depending on the needs in the field.

For R/W calculations we only need to be concerned with the full spiral length.

The tables that will be used the most are D-55.10 (Full Transition Spiral) and D-57.05 through
D-57.95 (Transitional Spiral Tables).

On rare occasions you may also need D-55.30 (Spiral Transition Compound Curves).
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Spiral Curves Made Simple

COURSE OBJECTIVE

This course is intended to introduce you to Spiral Curve calculations along centerline
alignments.

It is assumed that you already now how to calculate simple curves and generate coordinates
from one point to another using a bearing and distance.

Offsets to Spiral Curves and intersections of lines with Spiral Curves will not be discussed in
this lesson. These types of calculations will be addressed in a future lesson.

You can check your calculations using the online Spiral Calculator at:
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Spiral Curves Made Simple

EXAMPLE SPIRAL

Included are two example spiral curves from ADOT projects. The one that we will be
calculating contains Equal Spirals for the Entrance and Exit on both sides of the main curve.

The second example contains Unequal Spirals for the Entrance and Exit and a Transitional
Spiral between two main curves with different radii. We will look at the process used to
calculate this example but we will not be doing any calculations.

The example spiral that we will be calculating is from the ADOT project along S.R. 64 as
shown on sheet RS-17 of the Results of Survey.

We will walk through each step to calculate this spiral.

Note: My career started 30 plus years ago, before GPS and computers. | did all my
calculations by hand and | teach my staff to do the calculations by hand so that they will have
a thorough understanding of the mathematical process. | am a big advocate of technology
and use it exclusively. | also have a passion for the art of surveying mathematics, therefore |
feel that everyone should know how to do it manually. | feel that my staff has a better
appreciation for technology by having done the calculations manually, at least once, before
they rely on a computer to do it for them.
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Spiral Curves Made Simple

7 No. 1

o1 Gather your known information for
the spiral curve.
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Spiral Curves Made Simple

1 Look for the spiral curve and

. . . “: ) I\J) " +
main curve information - - EXIST R/W ¢ o
i kS CURVE DATA =
Pl 2191+29.21
TOTAL CURVE
/ A=36°29'16" LT /

49'32'FE 2642.59'

l .
. & -
+ o
' y- P —t-;’-.@_)__

T=1044.51'
L=2024.39'

MAIN CURVE

A=32°29'16" LT
D=02°00'00"

| =1624.39'
R=2864.79'

SPIRAL SPIRAL
a=1.00 a=1.00
A=02°00'00" A=02°00'00"
L=200.00' L=200.00'
SPI= = [4391] SPI= ~—{7392]

(10)

-

01 The key information needed is the Degree of Curvature and the Spiral length.

0 D=2°00’00" and Ls=200.00’
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Spiral Curves Made Simple
S ==

=7 No. 2

1 Your tangent lines should be defined either by survey or record information. Sketch your tangent
lines and Point of Intersection. Add the bearings for the tangent lines and calculate the
deflection at the P.I. As shown below, the deflection is 36°29’16".

o 13%14°117 + 23°15°05” = 36°29'16”

Covtroiing sofrel curve dals
L& = A-00-00
{s = 200.00°
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Spiral Curves Made Simple

No. 3

The following
are spiral
formulas that
have been
derived from
several
reference

DEFIKITIONS
fs = Spiral Delta

Am = Main Curve Delta

&t = Total Curve Delta

Ls = Length of Spiral

Lm = Length of Main Curve
Lt = Length of Tetal Curve

materials for
spiral
calculations that

H ili Delta(t) = Delta(s) + Delta(m) + Delta(s) a = Rate of Change per 100°
will be utilized Dy 07Ls AN
H = (Delta(m 't' = Frojected curve P.C.
for this lesson. Lt=Ls+Lm+Ls R = Radlus of Main Curve
R=5729.57T8/D 0 = Degree of Curve
a=(D*100)/Ls Def = Deflection from
o' m0,0727 * a * ((Ls/ 100)"3) s Begin Spiral
"t"= (50 * Ls / 100) - (0.000127 * "2 * (Ls / 100)"5) Ts = Tangent Length
Te = (TAN(Delta(t) / 2) * (R + "o™) + "t" (In Degrees) of Total Curve
Chord = (100 * Ls/ 100) - (0.00034 * "2 * (Ls / 100)*5) Fl = Polnt of Intersection
Def =(a * L2 )/ 60000 of Total Curve
¥-M:Coﬂmﬁ TS = Tangent to Spiral
= Chord * Sin(Def) 5C = Spiral o Curve
"u" = Chord * Sin(Delta(s) * 2 / 3) / Sin(Delta(s)) SPIRAL DIAGRAM C% = Curve to Spiral

5T

spiral to Tangent
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Spiral Curves Made Simple

No. 3 — continved
Next we will calculate the tangent distance (Ts) from the T.S. to the P.l.
Use the following formulas to calculate Ts.
Delta(t) = 36-29-16(dms) ~ 36.48777777 (ddd)
D = 2-00-00(dms) ~ 2.0000(ddd)
Ls = 200.00°
R =5729.578 /D = 5729.578 / 2.0000 = 2864.789’
a = (D *100) / Ls = (2.0000 * 100) / 200.00 = 1.00 (Checks with record data)
“o” = 0.0727 * a * ((Ls / T00)"3)
“o” = 0.0727 * 1 *((200.00 / 100)"3) = 0.5816
“" = (50 * Ls / 100) — (0.000127 * a2 * (Ls / 100)"5)
“" = (50 * 200.00/100) — (0.000127 * 142 * (200.00 / 100)*5 = 99.9959
Ts = (Tan(Delta(t) / 2) * (R +"0")) + “t”
Ts = (Tan(36.48777777 / 2) * (2864.789 + 0.5816)) + 99.9959 = 1044.515’
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Spiral Curves Made Simple
I | m———

= No. 3 = continved
o1 Calculate the Northing and Easting for the Tangent to Spiral (T.S.) & Spiral to Tangent (S.T.)

7 Use coordinate geometry to calculate the Latitude and Departure for each course and add them to
the Northing and Easting of the Point of Intersection (P.l.) fo get the Northing and Easting for the T.S.
and S.T.

N = JBEEIE E0F77 166

£ £ = B55556, MA820664

iy
e P

N = [EI049E, 65338338
£ = 622683, FB6I52456

N = IBEGLT BEFTSGRE i
Caatrading salrel curve gals £ = BEPISEE05/99458
&= 2-00-00
ls = Bg0.oo

August 2009



Spiral Curves Made Simple

No. 4

Calculate the spiral chord distance (Chord) and deflection angle (Def).

Chord = (100 * Ls / 100) — (0.00034 * a2 * (Ls / 100)"5)

Chord = (100 * 200.00 / 100) — (0.00034 * 12 * (200.00 / 100)"5) = 199.989’
Def = (a * Ls*2) / 60000 = (1 * 200.00"2) / 60000 = 0.666666(ddd) ~ 0-40-00(dms)

Calculate the chord bearing and Northing & Easting for the Spiral to Curve (S.C.) & Curve to Spiral

(C.S.)

Note: Substitute Ls for any length (L) along the spiral to calculate the sub-chord and Def angle to

any point along the spiral from the T.S.

Spiral Chord —
SIETENW

799,985 ,w'l .
"' N = JEIOEST, 45765247 N = JEEREL6. 5655645 I.' -
m A £ = 822640.743/04831 £ = 62Z780.137/I6348 [ A
o
Y j\%r\ [
|

| \ m \
s 1077

5
P

| T~
Yy = sssoems.e53585352 \/
£ = G2AEAT. 766197455 YL S

\ N = JBEGLI] BEFISF6E
£ = BESIS. E05/99455

¢ 36029005 —
!

s

Conrraliing spiral curve dola
o2 = 2-00-00

ls = S00.00°
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Spiral Curves Made Simple
N

= No.5
o1 Calculate the spiral delta and tangent distance to the Spiral Point of Intersection (SPI).
o Delta(s) = 0.005 * D * Ls = 0.005 * 2.0000 * 200.00 = 2.0000(ddd) ~ 2-00-00(dms)
0 “y” = Chord * Sin(Delta(s) * 2 / 3) / Sin(Delta(s))

0 0" = 199.989 * Sin(2.0000 * 2 / 3) / Sin(2.0000) = 133.341’

71 Calculate Northing and Easting of SPI.

ol Spirat

A = 2o oo 4 = 2orag
Sl Chord
Salral Chard NEZETE 5 W

SLETFEAW
/99, 969"

= JETOZ53. 45767 N = SEEEE5E, 8653F)
= BEEEH0.E4TI0 £ = 55780 FVIF

M

N o= JEI0445,.65338
£ = B22685.76609

133.541"

SR
N = [630318.8546
E = 622653.2352 N = 1628594.7212

E = 622804.3042

N = [6F54T7. 855T5
£ = BEP444.505/9

Confrading sofral curve Ja08
0 = 2-00-00
L5 = A00.00"
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Spiral Curves Made Simple

No. 6
Calculate the radial line and radius point for the main curve.
Calculate the back deflection from the S.C. to the SPI is as follows:
Delta(s) — Def = Back Def

2.0000 — 0.666666 = 1.333334(ddd) ~ 1-20-00(dms)

Using the Back Def and chord bearing calculate the tangent bearing at the S.C. then perpendicular from
the tangent line calculate the radial line. Do this for the C.S. as well. Calculate the Radius point from the
S.C. and C.S. You should come up with the same coordinates. If not, then something is wrong. Recheck all of
your calculations.

TS 8 A\
o“m'm-'ﬁ%c. Jig %)1\‘
Def Detall 120" 00" ‘& Sy
N.T.S.  Back Def _"‘q ut)
1 wn
I ol
Solral iy Radius FPolnit A Splral
4 = zagioor ¥ N = 1829695.233) b 4 = 20 oo”
D £ = 625450.1188 @
i Z\\ "
Splred Chord — ! \ T Sral Chord

sipe3aiw | | ME2T5 50w

199.959" |

/ \ |
y ! v [
— 9\ ' N = 1630253, 45761 ¥ = IEEEESE.85237) S
re My £ = B226540. 24310 £ = 622780./3713 WG m
o e 10 35
s S ! 52
= o I0dE, 653 38 ~_ — = AN
£ = 622683.75619 O e T B R o X < 2z 28
Ts . = 156,

Z '\_”_*_ —
P

133.341° G

sel \%/
‘ftj = [630318.8546 Al -

= 6226532352

133,341

SPI

N = [8285894.72]2
£ = 622804.3042

Contralling spiral curve darg \ e
£ = 2-00-00 N = J6E343], 65575 tea
ls = 200.00" £ = BE2H44.605/9
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Spiral Curves Made Simple

No.7
Using the radial bearings calculate the Main Curve Delta of _32-29-16(dms) ~ 32.487777 (dms)

Now add the Spiral Delta as follows:
Delta(t) = Delta(s) + Delta(m) + Delta(s)

Delta(t) = 2-00-00 + 32-29-16 + 2-00-00 = 36-29-16 this should equal the deflection in Step
2.

Calculate the arc length for Main Curve
Lm = (Delta(m) * R * pi) / 180
Lm = (32.487777 * 2864.789 * 3.141592654) / 180 = 1624.389’
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Spiral Curves Made Simple

No. 8 — Almost done

The final step is to calculate the stationing.

Starting with the T.S. calculate each stationing along the curve.
T.S. 2180+84.70 + 200.00 (Ls) = S.C. 2182+84.70
S.C.2182+84.70 + 1624.39 (Lm) = C.S. 2199+09.09

C.S. 2199+09.09 + 200.00 (Ls) = S.T. 2201+09.09

P.I. Stationing = T.S. Stationing + Ts
T.S. 2180+84.70 + 1044.51 (Ts) = PI. 2191+29.2]

Be aware that you may have some slight differences in the coordinates, distances and stationing due
to rounding errors.
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Spiral Curves Made Simple

Unequal Spiral information and Transitional Spirals
The following example is an ADOT project along U.S. 60 west of Globe AZ.

The 10 miles section of highway is almost completely composed of spiral curves. There is one area
that contained an entrance spiral, then a curve, then a transitional spiral, then a curve, then a
transitional spiral, then a curve and finally an exit spiral.

The next slide shows the record information for this segment.
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Spiral Curves Made Simple

MicroStation tools
and manual
calculations were
used to solve for
curves 13, 14 &
15.

Table D-55.30 was
used for the
formulas needed
to calculate the
transitional spirals
connecting the
three main curves.

g,
o LT.B. fink K 34-24-15 £
D.0.C. Arer 5-00-00

|
| | p Radlug 954,93
| Transiional Splr, S J Defta Angler  I6-04-00 (LTS
II | (Taple D-55.300 . 7 Tangent lengine [34.78
OFvgpicg . a=] 2/3 Arc lengihe 267,78
" 8.1 "f F Ls=60.00" 1336 |'.I.gfv.fﬂ.’.'}r N 18-20-75 E
4=3°18'00" —

L.T.B. tlnh 5 58-50-44 £
D0.0.C. Arce &-00-00
Readluse 954,93

Deita Anglee  24-48-00 (LT}
Tangent lengthe 20,56

Arc iengihe 473,34
LLTB fatle S B3-38-45 £
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Spiral Curves Made Simple

RESULTS OF SURVEY
Sheet RS-8 is how N

TOMTS
this multi-curve '

segment was shown
on the Results of
Survey
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Spiral Curves Made Simple

Calculating spiral curves does not have to be complicated. Once you understand the elements needed
and methodically step through the process, you will obtain consistent results and might even have fun
while doing it.

| hope that this presentation will debunk some of the myths that spiral curves are complicated and
difficult to work with and will not make your hair turn gray.

You can contact me at if you have any questions.

The Appendix contains full size PDF sheets that you can printout for your reference material.
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Delta(t) = Delta(s) + Delta(m) + Delta(s)
Delta(s) =0.005 * D * Ls

Lm = (Delta(m) * R * pi) / 180
Lt=Ls+Lm+Ls

R=5729.578 /D

a=(D*100)/Ls

"o" =0.0727 * a * ((Ls / 100)"3) «
"t" = (50 * Ls / 100) - (0.000127 * a"2 * (Ls / 100)"5)

Ts = (TAN(Delta(t) / 2) * (R + "o")) + "t" (In Degrees)

Chord = (100 * Ls / 100) - (0.00034 * a"2 * (Ls / 100)"5)

Def=(a * L2 )/ 60000

X = Chord * Cos(Def)

Y = Chord * Sin(Def)
"u" = Chord * Sin(Delta(s) * 2 / 3) / Sin(Delta(s)) SPIRAL DIAGRAM

DEFINITIONS

As = Spiral Delta

Am
At
Ls
Lm
Lt
d =
"o
W
R =

Def

Ts

Main Curve Delta
Total Curve Delta
Length of Spiral
Length of Main Curve
Length of Total Curve

Rate of Change per 100

Radial Offset
Projected curve P.C.

Radius of Main Curve
D = Degree of Curve

= Deflection from

Begin Spiral
Tangent Length

of Total Curve

Pl =

TS
SC
CS
ST

Point of Intersection

of Total Curve

Tangent to Spiral
Spiral to Curve
Curve to Spiral
Spiral to Tangent

spiral.dgn




P.T. of prajected

™ — —
I Qi -_——
-_”T;SWT_"_Z ———————— ::F:
L. 9
X
3
T,
Determine values of 1L, and a, for design speed Reduce © formulae values by
and D, from Drwg. Nos.D-56.10 throughD-56.30 Cp according to the following
Theee values may be checked by the following table:
applicable formulae. A, Con 4, Cp
Lg(eta.)= Spiral distance from T.8. to 8.C.=Dfa 16° 0.2 317 1.6° 46 s.1¢
al(degreas)~Rate of change in degree of curvature 1?7 0.3 32 1.7 47 5.5
per 100' of spiral=D/L, 18 0.3 33 1.9 48 5.8
D(degreen) =Degree of curvature of circular curve 19 0.4 34 2.1 4% 6.2
~ale=5729.58/8 20 0.4 35 2.3 S50 6.6
R{ft.)=Radius of circular curve=5729.38/D %1 0.5 % 2.5 51 7.0
"g"(ft.)=Radial offugig-m?aﬂ 22 0.6 37 2.7 52 7.4
t(ft.)=50Ls-0.000127a 2 23 0.6 38 2.9 53 7.9
Ay (degrees)wFull spiral deviation angle=kaLy 26 0,7 39 3.1 54 8.3
=3DLy=%(D?/a) =14 /2 (D) 25 0.8 40 3.4 5% B.8
O(depreea)=Full spiral deflection angle at T. 8. 26 0.9 41 3.6 56 9.3
=(1/38,Y»1/6aLiP=1/6DL,2?=1/602/a® 27 1.0 42 3.9 57 9.8
$(deprees)=Fuli apiral deflection angle at §.C. 28 1.2 43 4.2 58 10.3
=Ag-& 29 1.3 44 4.5 59 10.8
C{ft.)}=100 14-0.C0034alLg 30 1.6 45 4.8 60 11.4
V{ft. )=CainG/ainfAy
U{fr.)=Cainf/8inly
X{ft.)=Ccos® PyALURS OF c, INO® DETERMINATION
Y{ft.)=Cuin® FORMULAE
Tg(£t.)= [(tankI) (R+"0")] +t
(Cp is negligible and may
be ignorad for O, values
SPIRAL FORMULAE less than 16°.)

T:S. Py ¢ - Initial Tangent

O =kalgy (Lgy-Lgp) +1/6e (Lg3-Lg))?

N=Yalgy(Lgy-Lgy)-1/6a(lgp-151)2

DEFLECTION ANGLE FORMULAE FOR SET-UF
AT POINT DM SPIRAL

DESIGN APPROYED] STATE OF ARIZONA
HIGHWAYS DIVISION

DEPARTMENT OF TRANSPORTATION| 1/32

REMDATE

PLANS GUIDE
%—-FIYLL TRANSITION SPIRAL

FLAN NO.
D-55.10




2

¥~ Common Radial

Intermediate Spiral Traneition i basically the same
Spiral {llustrated by Drwg. No 0~95.20.

as Partial Transitiom

Select Ly and a from Drwg, ﬂo‘.{)—56.10.through Drwg. No.D-56,30 for design
speed and D=D;-D;. Thede values are applied throughout the £ollowing formulae.

Lg(sta.)=(D2-Dy)/a
a{degrees)-=(D2-D1)Ly
Dp(sta.)=Degree of curvature at any point on epiral.

=Dy-(a){(distance in sta. from C.§. to point).
= +(a){distance in sta. from §.C. ts polnt}.

Yo (££.)=0.0727(D3-D,) DZ‘DL) 2

a
S\ (degrees)=1/2 D, DZ-DI)-llﬁ afDy-Dj\2
a

a
OC (degrees)=1/2 91(92'“1) + 1/6a (nz-nl)z

8 a

To.calculate deflections and spiral distance to any
point on spiral, substitute Dp for Dy or Dy

By = (degrees)=D) (Ls/2)

= (degrees)=Dg(Ly/2
flg-kz in feet (exseg.gz)-nl in feet (exsec. Ajp)-"o"

Al (fry %B[coaAz
sin{d] + A2)

BI(fr.)=AB[tos A}
[:in(Al + ﬁz)]

Ty (fL.)"Ryin feet (tanA) + Al
Ta(ft.)=R2in feet (tand,) - BI

{
G PRIVED STATE OF ARIZONA REVEATE
DEPARTMENT OF TRANSPORTATION
A ﬁg HIGHWAYS DIVISION 1/82
APPROVED FOR , PLANS GUIDE
TION SPIRAL TRANSITION YT
42337 UND CURVES D-55.30 I
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c_- &
\_ﬁ,‘t’&“,ﬁ "@9/
(;&"c'f ""c;.{J'E' &
. B .v;i_';].l %,c,qﬁff
=79 &
]‘ . N P.T. of projected circular arc Q' -,C'-:‘ C";V//
noM ¢ = Long chord ﬁ’f:/
A set up 9'1 [ Sy | b - Deviation angle at
[ R 1 e —eso =S o point of intersection
Initial TSl e — — Spiralny e - Initial :/ vf initial tangents
“Tangent ¥ M_“_U_‘_l__"""_____&" "~ Tangent Back l T
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