FULL TRANSITION SPIRAL CURVE
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TYPICAL HIGHWAY SPIRAL-MAIN-SPIRAL CURVE

Not to scale

SPIRAL DETAIL A"

Not to scale

Highway Spiral Curve where As<16°

EXAMPLE

Gi s A1+ = 36°29'16"; D = 2°00'00"; L = 200" TS(Sta) = 2180+84.70
FORMULAS fven = =
R = 5729.57795 / D = 5729.57795 / 2.0000° = 2864.78898

= (2.0000° * 100) - 200 = 1.00

0.0727 * | * (200 / 100)°) = 0.58160

(200 ~ 2) - (0.000127 * 1° * (200 ~ 100)°) = 99.99594

Ts = (TanAt ~ 2) *» (R + 0)) + T Ts = (Tan(36.48777777° / 2) * (2864.78898 + 0.58160)) + 99.99594 = 1044.51462
C = Ls - (0.00034 % &2 * (Ls / 100)°) c 200 - (0.00034 * 1 * (200 / 100)%) = 199.98912

DEF = (a * Ls?) / 60000 DEF = (I * 200°) / 60000 = 0.666667° or 0°40'00"

As = 0.005 * D * |Ls As = 0.005 * 2,0000° * 200 = 2.0000° or 2°00'00"

a = (D * 100) / Ls
0 = 0.0727 * a * ((Ls / 100)°)
T = (Ls / 2) - (0.000127 * &? * (Ls ~/ 100)°)

4~ O 0
"

U = C * Sintds * 2 s 3) / Sintds) U = 199.98912 * Sin(2.0000° * 2 / 3) / Sin2.0000°) = 133.34112

V = C * SinfAs * 1 / 3)/ Sin(4As) V = 199.98912 * Sin(2.0000° * | / 3) / Sin(2.0000°) = 66.67508

Am = At - As - As Am = 36°29'16" - 2°00'00" - 2°00'00" = 32°29'16" or 32.48777777°
Lm = (Am * R * pi) / 180 Lm = (32.48777777° * 2864.78898 * 3.141592654) / 180 = 1624.38889
X = C * Cos(DEF) X = 199.98912 * Cos(0.666667°) = 199.97558

Y = C * Sin(DEF) Y = 199.98912 * Sin(0.666667°) = 2.32693

SC(Sta) = TS(Sta) + Ls
CS(Sta) = SC(Sta) + Lm
ST(Sta) = CS(Sta) + Ls
PI(Sta) = TS(Sta) + Ts

SC(Sta) = 2180+84.70 + 200 = 2182+84.70
CS(Sta) = 2182+84.70 + 1624.39 = 2199+089.09
ST(Sta) = 2199+09.09 + 200 = 2201+09.09
PltSta) = 2180+84.70 + 1044.51 = 2191+29.21
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DEFINITIONS

At = Total Delta Deflection

D = Degree of Curvature

Ls = Length of Spiral

TS(Sta) = Tangent to Spiral

R = Radius

a Rate of change per 100’

0O = Radial Offset

T Projected curve P.C.

Ts = Tangent Length

C = Spiral Chord

DEF = Deflection angle at TS(Sta)
As = Spiral Delta

U = Distance to Spiral Pl

V = Distance to SC(Sta)

Am = Main Curve - Delta

Lm = Main Curve - Length

X = Distance along X axis

Y = Distance along Y axis
SC(Sta) = Spiral to Curve
CS(Sta) = Curve to Spiral
ST(Sta) = Spiral to Tangent
PISta) = Point of Intersection
RP = Radius Point of Main Curve
SPI = Spiral Point of Intersection
POS = Point on Spiral
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SPIRAL OFFSET CURVE

Inside 0ffset . !
Spiral Curve
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FORMULAS

INSIDE OFFSET SPIRAL

X - (Sintds) * W)
Y - W + (Cos(4s) * W)

Xi =

Yi =

cr = Jxi?+vi?)

Vi = Yi / SintAs)

Ui =

Lsi = Ci * Ls / C
DEFi =

RI = R - W

Di = 5729.57795 / Ri
ai = Di

Alternate formula's for Spiral Lengths as published in

* |00 / Lsi

Xi - (Yl / Tan(As))

ArcTan( Yi / Xi)

OUTSIDE OFFSET SPIRAL

Xo =
Yo =
Co =
Vo =
Uo =
Lso =
DEFo =
Ro = R

Jdo =

X + (Sin(4ds) * W)
Y + W - (Cos(ds) * W)
J(xo? +Y0?)
Yo / Sin(4ds)
Xo - (Yo / Tands))
Co * Ls / C

ArcTan( Yo / Xo)

+ W

5729.57795 / Ro
Do * |00 / Lso

Location and Design" by Thomas Felix Hickerson (1967)

"Route

Soi \ Lsi = Ls - (0.017453 * W * As) and Lso = Ls + (0.017453 * W * As)
piral Curve
See Sheet SC-1 ! P
EXAMPLE
Given: As = 2°00'00" Ls = 200; C = 199.98912 R = 2864.78898 (From SC-1)
X = 199.97558; Y = 2.32693; W = 100’
INSIDE OFFSET SPIRAL
XI = 199.97558 - (SIn(2.0000°) * 100) = 196.48563
yi = 2.32693 - 100 + (Cos(2.0000°) * [00) = 2.26601
Ci = (196.48563% +2.26601%2) = 196.49870
Vi = 2.26601 / Sin(2.0000°) = 64.92959
| Ui = 196.48563 - (2.2660! / Tan(2.0000°) = 131.59559
| \ Lsi = 196.49870 * 200 ~/ 199.98912 = 196.50939
‘ Outside 07"‘36‘7‘@ L DEFi = ArcTan( 2.26601 / 196.48563) = 0.66075° or 00°39'39"
I Spiral Curve - R
| RI = 2864.78898 - 100 = 2764.78898
} Di = 5729.57795 / 2764.78898 = 2.07234° or 2°04'20"
== al = 2.07234 * 100 / 196.50939 = 1.05458
_____ ﬁﬁﬁﬂﬂ 7772/017777777777775%,/:777777777777777777_5\ S
| w Yo o ! \\ OUTSIDE OFFSET SPIRAL
} Xo = 199.97558 + (Sin(2,0000°) * 100) = 203.46553
| Yo = 2.32693 + 100 - (Cos(2.0000°) * 100) = 2.38785
\ SPIRAL OFFSET CURVE Co =(203.46553? + 2.387852) = 203.47954
Not to scale Vo = 2.38785 / Sin(2.0000°) = 68.42076
Uo = 203.46553 - (2.38785 / Tan(2.0000°) = 135.08645
Lso = 203.47954 * 200 / 199.98912 = 203.49061
DEFINITIONS DEFo = ArcTan( 2.38785 / 203.46553) = 0.67239° or 00°40'21"
S ) Ro = 2864.78898 + 100 = 2964.78898
W = O0ffset distance ) Do = 5729.57795 / 2964.78898 = 1.93254° or 1°55'57"
X/ Xo = Distance slong X axis a0 = 1.93254 % 100 ~ 203.49061 = 0.94969
Yi / Yo = Distance along Y axis -
Ci ~ Co = Offset Spiral Chord
vi 2 Vo = Distance fo SC(Sta) SPIRAL OFFSET CURVE TABLE
Ui v/ Uo = Distance to Offset Spiral Pl
DEFi ~ DEFo = Offset Spiral Deflection angle w el D R Length Delta DEF Chord X Y v v
Lsi / Lso = Offset Spiral Length
SPIi / SPlo = Offset Spiral PI INSIDE 100 1.05463 | 2°04'20" | 2764,789|196.509 | 2°00'00" | 00°39'39" | 196.499 | 196.486 |2.266 |131.596 | 64.930
50 1.02678 | 2°02'08" | 2914.789 | 198.255 | 2°00'00" | 00°39'49" | 198.244 | 198.231 |2.296 |132.468| 65.802
See SC-1 for additional definitions
CENTERLINE | © 1.00000 | 2°00'00" | 2864.789| 200.00 | 2°00'00" | 00°40'00" | 199.989 | 199.976 |2.326 |133.341 | 66.675
@ Offset Spiral Curve characteristics vary
ig?_f;m’a;"‘gg' ;;flg gﬁggffglfj: gggfedé-d;rfzf 50 0.97440 | 1°57'57" | 2914.789 | 201.745 | 2°00'00" | 00°40'10" | 201.734 | 201.72]1 | 2.357 |134.214 | 67.548
upon the centerlime spiral as described OUTSIDE 100 0.94975 | 1°55'57" | 2964.789| 203.491 | 2°00'00" | 00°40'21" | 203.480 | 203.466 | 2.388 |135.087| 68.421
on sheet SC-I.
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FORMULAS
\ C = Lsl - (0.00034 * &? * (Lsl ~ 100)°); Lsi = POS - TS
| DEF = (a * Lsl? / 60000
I \ -
| Xa = C * Cos(DEF) Cai = xai? + (vai - w)?
: Lsai Ya = C * Sin(DEF) Lsai = Cai * Lsi / C
_____ } . el e S Xai = Xa - (SInDEF * 3) * W) DEFai = ArcTan«yai - W) / Xail
| T Yai = Ya + (COS(DEF * 3) * W) Cao = Ixao? + (Yao + W)?
| 2 Xdo = Xa + (SIDEF * 3) * W) Lsao = Cao * Lsi / C
E: 8 Yao = Ya - (Cos(DEF * 3) * W) DEFao = ArcTan((yYyao + W) / X3ao)
g +
s vai SR EXAMPLE
§: ‘: e Given: @ = 1 TS = 2180+84.70 (From SC-1) POS = 2182+00.00 W = 100’
N S -
‘.2: & Lsi = 2182+00.00 - 2180+84.70 = 115.30'
' Lsl ra- C = 115.30 - (0.00034 * 1° * (115.30 / 100)°) = 115.29931
————— Vc'f\é ——————‘“‘X;I_‘::"'_ e DEF = (1 * 115.30% ~ 60000 = 0.22157° or 0°13'18"
: Xa
| Xao Xa = 115.29931 * Cos(0.22157) = 115.29845
[ ya = 115.29931 * Sin(0.22157) = 0.44588
: Xai = 115.29845 - (Sin(0.22157 * 3) * 100) = 114.13834
= e yai = 0.44588 + (Cos(0.22157 * 3) * 100) = 100.43915
: - Cai = [114.138347 + (100.43915 - 100)? = 114.13918 ;&:
| Lsal = 114.13918 * 115.30 / 115.29931 = 114.13986 S
HI Lsao—\‘—cc-,o ####### - \ DEFai = ArcTan((100.43915 - 100) / 114.13834 = 0.22045° or 0°13'14" :
————— o ———I—————————————Aé:———————————————————T—————— Xao = 115.29845 + (Sin(0.22157 * 3) * 100) = 116.45856 w
| | Yao = 0.44588 - (Cos(0.22157 * 3) * 100) = -99.54739 2
: Cao = [116.458567 + (-99.54739 + 100)°’= 116.45944 S
' METHOD NO. | Lsao = 116.45944 * 115.30 / 115.29931 = 116.46014 -
Not to scale DEFao = ArcTan((-99.54739 + 100) / 116.45856) = 0.22268° or 0°13'22" 3‘:
—
FORMULAS 8”
\ C = Lsl - (0.00034 * &2 * (Lsl / 100)°); Lsi = POS - TS %
! DEF = (a * Lsl? / 60000 ™
~
| 2
| Xb = C * Cos(DEF) cbi = Ixbi? + Ybi? S
[ Yb = C * SIN(DEF) Lsbi = Cbi * Lsi / C e
_____ ' Xbi = Xb - (SIN(DEF * 3) % W) DEFbi = ArcTan(Ybi / Xbi)
?\ Ybi = Yb + (COS(DEF * 3) * W) - W Cbo = [Xbo? + Ybo?
| Xbo = Xb + (Sin(DEF * 3) * W) Lsbo = Cbo * Lsi / C Surveyor hg No 19817
S: Ybo = Yb + W - (Cos(DEF * 3) * W) DEFbo = ArcTan(ybo / Xbo) Dataly signed by Im Crue
<
z:i EXAMPLE  (Expires 6-30-14)
%: Given: @ = 1 TS = 2180+84.70 (From SC-1) POS = 2182+50.00 W = [00' “:CTfT
n Slérveyor No. 1293
?3: Lsi = 2182+50.00 - 2180+84.70 = 165.30' “
' C = 165.30 - (0.00034 * 1?2 * (165.30 ~/ 100)°) = 165.29580 H
————— Vc'f\— DEF = (I * 165.30% ~/ 60000 = 0.45540° or 0°27'19"
|
: Xb = 165.29580 * Co0s(0.45540) = 165.29058
[ Yb = 165.29580 * Sin(0.45540) = 1.31380 - "§
: Xbi = 165.29058 - (Sin(0.45540 * 3) * ]00) = 162.90634 RNz &
= ybi = 1.31380 + (Cos(0.45540 * 3) * 100) - 100 = 1.28537 ~ S £
: cbi = l162.90634° + 1.285377 = 162.91141
| Lsbl = 162.91141 * 165.30 / 165.29580 = 162.91555 IR
' DEFbi = ArcTan(l.28537 / 162.90634) = 0.45207 ° or 0°27'07" K 3 §
————— r('f\ Xbo = 165.29058 + (Sin(0.45540 * 3) * 100) = 167.67482 \g :
| ybo = 1.31380 + 100 - (Cos(0.45540 * 3) * 100) = 1.34223 &S S
: Cbo = [167.674827 + 1.342237 = 167.68019
[ Lsbo = 167.67882 * 165.30 / 165.29580 = 167.68308 SC-3

to scale Default[Model]

No t
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— AREA OF SPIRAL CHORD
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AREA OF SPIRAL CHORD

Not to scale

V) chord Area

FORMULAS

Given: a = 1, Ls = 200 (From SC-1); W = 100/,
Lsi = 196.50939, Xi = 196.48563, Yi = 2.2660] (From SC-2)
wd = | (Interval distance) (Area precision is based upon wd)
wx (Segment width) Ls
Chord Area = (Xi * YI / 2) - Z(Ydl' + Ybi) / 2 * wx
Ls1=wd
Step I:
Xi % Y[ s/ 2 = 196.48563 * 2.2660] / 2 = 222.61920@

Step 2 Ls
Summation: Z (vyai + Ybi) / 2 * wx
Start Lsl = wd: 5™
DefYa = a * Lsl? / 60000; DefYb = a * (Lsl + wd)? / 60000
Yai = (Lsl - (0.00034 * a? * (Lsl / 100)%)) * SintDefya) +
((Cos(DefYa * 3) * W) - W)
Ybi = ((Ls] + wd) - (0.00034 * &% * (Lsl + wd) / 100)° )) * Sin(DefYb) +
((Cos(DefYb * 3) * W) - W)
wx = Wwd * Lsi / Ls)? - (vbi - vai)
Segment Area = (Yai + Ybi) / 2 * wx
Lsl = Lsl + wd
Repeat until Lsl = Ls
Area below spiral curve = 111.88952®

Step 3:
Chord Area = 222.61920% - 111.88952% = 110.72968%

INSIDE SPIRAL

FORMULAS

Given: @ = 1, Ls = 200, X = 199.97558, ¥ = 2.32693 (From SC-1)
wd = | (Interval distance) (Area precision is based upon the value of wd)
wx (Segment width)

Chord Area =

Step I:

Ls

(X * Y/Z)—Z(Yd+ Yb) S 2 * wx
Ls1=wd

X * Y /2 = 199.97558 * 2.32693 / 2 = 232.66459%

Step 2
Summation:

Ls
DYa + Yb) /2 % wx

Start Lsl = wdg: Lst=wd
Ya = (Lsl - (0.00034 * &2 * (Lsl / 100)°)) * Sinta * Ls]z / 60000 )
Yb = ((Ls]l + wd) - (0.00034 =* 62 * ((Ls] + wd) / 100)° )) * Sinta * (Lsl + Wd)z /60000)

wx = dwd? - (vb - va)?
Segment Area = (Ya + Yb) / 2 * wx
Ls] = Lsl + wd

Repeat until Lsl = Ls

Area below spiral curve = 116.31862@

Step 3
Chord Area =

232.66459® - 116.31862% = 116.34597@

CENTERLINE SPIRAL

Copyright (c) 2010-2012 by Jim Crume P.L.S., M.S., CFedS jcrumeeccdw.net www.ccqdw.net

FORMULAS

Glven: a = 1, Ls = 200 (From SC-1); W = 100/,
Lso = 203.43061, Xo = 203.46553, Yo = 2.38785 (From SC-2)
wd = | (Interval distance) (Area precision is based upon wd)
wx (Segment width) Ls
Chord Area = (Xo * Yo / 2) - (Ygo + Ybo) / 2 * wx
Ls1=wd
Step I:
Xo * Yo / 2 = 203.46553 * 2.38785 / 2 = 242.92258@

Step 2 Ls
Summation: > (Yao + vbo) / 2 * wx
Start Lsl = wd: Lst=wd
DefYa = a * Lsl? / 60000; DefYb = a * (Lsl + wd)? / 60000
Ygo = (Lsl - (0.00034 * &° * (Lsl / 100)%)) * SintDefYya) +
(W - (Cos(DefYya * 3) * W))
Ybo = ((Ls] + wd) - (0.00034 * a? * (sl + wd) / 100)° )) * Sin(DefYb) +
(W - (Cos(DefYyb * 3) * W)
wx = wd * Lso / Ls)? - (Ybo - Yao)?
Segment Area = (Yao + Ybo) / 2 * wx
Lsl = Lsl + wd
Repeat until Lsl = Ls
Area below spiral curve = 120.82001%

Step 3:
Chord Area = 242.92258® - 120.82001w = ]122.10257@

OUTSIDE SPIRAL

Default[Model]
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SPIRAL CURVE - LINE INTERSECTION Lo = Fe.asers

FORMULAS C = 76.88867
DEF = 0.09853°

Xa = 76.88855

Ya = 0.13223

Xal = 76.37264

Yai 0.13089
Xidiff = 0.05736
Check 4 = 66.3389°

Given: g = 1.00, 4 = 66°20'20", Xti = 76.43, W = 100.00

C = Lsl - (0.00034 * &2 * (Lsl / 100)°)
DEF = (a * Lsl?) / 60000

Xa = C * Cos(DEF)

Ya = C * SIn(DEF)

Xai = Xa - (SIin(DEF * 3) % W)

Xidiff = 76.43 - 99.12658 = -22.69658
Check A = ArcTan(0.28708 / -22.69658) = -0.72467° or -0°4328.8"

\
S: Yai = Ya + (Cos(DEF * 3) * W) - W
Q‘glg Xidiff = Xti - Xai Starting value needs to be
6‘ Check 4 = ArcTan(ral / Xidiff) larger than X+i in order to
%.} find & solution.
Al Begin Iteration
=~ Starting values: Lsl = 100, Tolerance = 0.000l Note:
H‘ Rounding error will
————— i - C = 100 - (0.00034 = 1% % (100 / 100)° = 99.99966 occur based upon
1 DEF = (1 * ]00?) / 60000 = 0.166667° or 0°10'00" the number of
| Xa = 99.99966 * Cos(0.166667) = 99.99924 decimal places used.
‘ Ya = 99.99966 * Sin(0.166667) = 0.29089
} Xai = 99.99924 - (Sin(0.l166667 * 3) * ]00.00) = 99.12658
}E Yal = 0.29089 + (Cos(0.166667 * 3) * ]00.00) - 100.00 = 0.28708
I
I
I

A - Check A = 66.33889 - 0.72467 = 65.61422 (If <= Tolerance then
solution found) If no solution found then Lsl = Lsl - Tolerance.
Repeat iteration with new Lsl until solution is found.

The solution is best found by utilizing a computer program to

. 8

~
N
<
S«

W
I3
L
&2

~J

INTERSECTION run the iterations.
Not to scale INSIDE SPIRAL INTERSECTION
FORMULAS
. i 107 Solution
FORMULAS Given: a = 1.00, 4 = 66°20'20", Xto = 164.07, W = 100.00 Lsl = 16126329
Given: a = 1.00, 4 = 66°20'20", Xt = 120.25 5 5 C = 161.25958
C = L_S] - (0.002034 * g * (Lsl 7 100)°) DEF = 0.43343°
C = Lsl - (0.00034 * &2 * (Lsl / 100)°) Solution DEF = (a * Lsl”) 7/ 60000 X& = 161.25497
DEF = (a * LsI?) / 60000 Lsl = 120.03149 Xg = C x CosEF) Ya = 1.21988
X& = C * Cos(DEF) C = 120.03064 Yo = € x SInER Xao = 163.52421 N
Ya = C * SIn(DEF) DEF = 0.240126° X3o = Xa + (SINDEF * 3) * W) Yao = 1.24563 Surveyor AZ No. 19817
XAIFF = Xt - Xa _ Xa = 120.02959 Ygo = Ya + W - (Cos(DEF * 3) * W) Xodiff = 0.54579 Dy sty im cume
Starting value needs to be Xodiff = Xto - Xao Date: 201208:31
Check 4 = ArcTan(ya / Xdiff) . Ya = 0.50305 Check 4 = 66.33881° '
larger than Xt in order to . _ Check A = ArcTan(Yao / Xodiff)
find a solution Xdiff = 0.22041 ;
Begin Iteration Check 4 = 66.338883° ) ) / Starting velue needs to be Certfied Federal
Starting values: Lsl = 200, Tolerance = 0.000l] Begin Iteration learger then Xto in order fo s
Note: Starting values: Lsl = 180", Tolerance = 0.000! |find & solution.
2 5 Rounding error will
C = 200 - (0.00034 * 1= % (200 / 100)7) = 199.98912 occur based upon 2 5 Note:
DEF = (1 * 200%) / 60000 = 0.666667° or 0°40'00" e rmber oF ¢ =180 - (0-062’034 * 17 > (180 / 1000) ) = M Rounding error will
X& = 199.98912 * Cos(0.666667) = 199.97558 ocimal Draces used DEF = (1 * 180%) ~ 60000 = 0.59000° or 0°32'24 occur based upon
Yo = 199.98912 * SIN(0.666667) = 2.32693 ‘ Xe = 179.99358 » C0s(0.54000) = 179.96559 the number of BER
Xdiff = 120.25 - 199.98912 = -79.73912 Yo = 179.99558 = $in(0.54000) = 1.69637 decimal places used. S
Check 4 = ArcTan(2.32693 ~ -79.73912) = -1.671519° or -1°40'17.5" Xgo = 179.98559 + (5In(0.59000 * 3) * 100.00) = 182.81264 s |2 &
Yao = 1.69637 + 100.00 - (Cos(0.54000 * 3) * ]00.00) = 1.73634 > S
4 - Check 4 = 66.33889 - 1.671519 = 64.66737] (If <= Tolerance then solution found) Xodiff = 164.07 - 182.81264 = -18.749264 ~
= - - - ° _coy 7t " ®
I¥ no solution found then Lsl = Lsl - Tolerance. Check A ArcTan(l.73634 / -18.74264) 5.29284° or -5°17'34.2 g g
Repeat iteration with new Lsl until solution found. v N
A - Check A = 66.33889 - 5.29284 = 61.04605 (If <= Tolerance then S S
. . —_— ~ - ] S
The solution is best found by utilizing a computer program to run the iterations. solution found} If no solution found then Lsi = Lsl Tolerance. =
Repeat iteration with new Lsl until solution is found.
CENTERL INE SPIRAL INTERSECTION The solution is best found by wutilizing a computer program to
run the iterations.
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FULL TRANSITION UNEQUAL SPIRAL CURVES
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TYPICAL HIGHWAY SPIRAL-MAIN-SPIRAL CURVE

Not to scale

SPIRAL DETAIL A"

Not to scale

Highway Spiral Curve where As<16°

FORMULAS EXAMPLE

See SC-1 for spiral formulas

Given: A+ = 36°29'16"s D = 2°00'00"; Lsl = 200% Ls2

2180+84.70

Am = A+ - Asl - As2 Entrance Spiral (Lsl)
Xa = Cos(Asl) * (VI + Tm a = (2.0000° * 100) / 200 = 1.00

Xb = Cos(Am + Asl) * (V2 + Tm)

T = (200 / 2) - (0.000127 * 1° * (200 ~ 100)°) = 99.99594

Yb = SimtAm + Asl) * (V2 + Tm C = 200 - (0.00034 * I° * (200 / 100)°) = 199.98912

Xe = (Ya + Yb) o Tanta+) DEF = (1 » 2007%) / 60000 = 0.666667° or 0°40'00"

Tel = Xa + Xb - Xe + Ul As = 0.005 * 2.0000° * 200 = 2.0000° or 2°00'00"

72 =VxcZ1 (va + YBIZ + Uz U = 199.98912 * Sin(2.0000° * 2 / 3) / Sin(2.0000°) = 133.34112
V = 199.98912 * Sin(2.0000° * | / 3) / Sin(2.0000°) = 66.67508
X = 199.98912 * Cos(0.666667°) = 199.97558
Y = 199.98912 * Sin(0.666667°) = 2.32693

Main Curve

Copyright (c) 2010-2012 by Jim Crume P.L.S., M.S., CFedS jcrumeeccdw.net www.ccqdw.net

R = 5729.57795 ~ 2.0000° = 2864.788398

Am = 36°29'16" - 2°00'00" - 3°00'00" = 31°29'16" or 31.48778°
Lm = (31.48778° * 2864.78898 =* 3.141592654) ~ 180 = 1574.38900
Tm = 2864.78898 * Tan(31.48778 / 2) = 807.62426

SC(sta) = 2180+84.70 + 200 = 2182+84.70

CS(sta) = 2182+84.70 + 1574.39 = 2198+59.09
ST(Sta) = 2198+54.92 + 300 = 2201+59.09
PI(Sta) = 2180+84.70 + 1045.74 = 2191+30.44

Exit Spiral (Ls2)

a
9]
T
c

DEF

4s

u

v
X
Y

(2.0000° * 100) ~ 300 = 0.66667

0.0727 * 0.66667 * (300 / 100)°) = .30860

(300 ~ 2) - (0.000127 * 0.66667 2 » (300 ~ 100)° = 149.98628
300 - (0.00034 * 0.666677% * (300 / 100)% = 299.96328

= (0.66667 * 300% / 60000 = 1.000° or 01°00'00"

0.005 * 2.0000° * 300 = 3.000° or 3°00'00"

299.96328
299.96328
299.96328
299.96328

Tangents

Xa
Ya

Xb
Yb
Xc

Tsl

£

¥
£
£

Sin(3.000° * 2 / 3) / Sin(3.000°) = 200.02630
Sin(3.000° * | v 3) v/ Sin(3.000° = 100.02838
Cos(1.000®) = 299.91759

Sin(1.000°) = 5.23508

Cos(2.000) * (66.67508 + 807.62426) = 873.76674

Sin(2.000) * (66.67508 + 807.62426) = 30.51261

Cos(31.48778 + 2.000) * (100.02838 + 807.62426) = 756.98550
Sin(31.48778 + 2.000) * (100.02838 + 807.62426) = 500.80562

= (30.51261

+

500.80562) / Tan(36.48778) = 718.35575

= 873.76674 + 756.98550 - 718.35575 + 133.34112 = 1045.73711

Ts2 =1718.355752 + (30.51261 + 500.80562)% + 200.02630 = 1093.52171

Default[Model]
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SPIRAL CURVE - STATION - OFFSET

FORMULAS
\ Given: TS(Sta) = 2180+84.70; X = 0, Y = 03 Xl = 94.500, Yl = 110.4900;
Ls = 200 D = 2°00'00"; a = 1.000
-~ P.0.S.T. Solution

?(XI.YI)

Sta = TS + Xl; Offset = YI 2180+84.70 + 94.50 =
2181+79.20 (P.0.S.T.)
P.0O.S. 110.40 LT

Begin [teration
Starting values: Lsl = 200, Tolerance = 0.000l

C = Lsl - (0.00034 * &% * (Lsl / 100)°) Lsl = 95.37476 C = 95.37479
DEFI = (& * Lsl?) / 60000 DEF1 = 0.15161° or 00°09'05.8"
X2 = C * Cos(DEFI) X2 = 95.37446

Y2 = C * Sin(DEFI) Y2 = 0.25236

Xdiff = X2 - Xl Xdiff = 0.87446

Ydiff = v2 - vl Ydiff = -110.14764

Check A = ArcTan(Xdiff / vYdiff)

If Defl * 3 = Check 4 then solution found 0.45482 - 0.45486 = -0.00004
If no solution found then Lsl = Lsl - Tolerance. less than 0.000! (Tolerance)
Repeat iteration with new Lsl until solution found.| Solution found

Sta = TS + Lsl 2180+84.70 + 95.37 =
~
OFffset = IXdiff? + Ydiff’ 2181+80.07 (P.0.S.) W
w &
J0.87446% + (-110.14764)° xS
= 110.15 (OFfset LT S .
STATION - OFFSET 2
Not +o scale OFFSET - LEFT SIDE IS
x =
N
FORMULAS FORMULAS wn
Given: TS(Sta) = 2180+84.70; X = O, Y = 0z XI = 94.500, vl = 110.400; X3 = 125.400, Y3 = -80.500 Clven: ZS(S_’“Z)O; 2280_"?;;?0:0): = 0. ]YOZ)OO: X3 = 125.400, Y3 = -80.500;
Ls = 200% D = 2°00'00" & = 1.000 s = LA ig = L.
P.0O.S.T. Solution
p.O.S. T Sta = TS + X3; Offset = Y3 2180+84.70 + 125.400 =
oeere (o 3 0.S.T.)
Sta = TS + XI and TS + X3; Offset = YI and Y3 2162+10.10 (F.0.5
—P'O'S' 80.50 RT Professional Land
p.0.S Begin I+eration Surveyor AZ No. 19817
— . Starting values: Lsl = 200', Tolerance = 0.000l gy M erume
Begin [teration 1005.07.00
Starting values: Lsl = 200, Tolerance = 0.000l] 2 5 6-30-14)
C = Lsl - (0.00034 * &% * (Ls] / 100)°) Lsl = 124.31152 C = 124.30807 NIC SEAL
= 2 = o. 4° IS 271" | Sumevor N3
C = Lsl - (0.00034 » &% * (Ls! ~ 100)°) )D(iFZ_ c (f; L(“ZIE;Z)/ 60000 )D(f,Ff ]25320567852 or oonsend B 01
DEFI or DEFZ = (a * Lsl?) / 60000 S S'OS(DEFZ) vt - oo
X2 or X4 = C * Cos(DEFl or DEF2) B n s
Y2 or Y4 = C * SIn(DEF] or DEF2)
Xdiff = x4 - X3 Xdiff = -1.09318
Ydiff = Y4 - Y3 YJdIff = 81.05877

Xdiff = X2 - Xl or X4 - X3

- . . )
YAiFF = Y2 - Y] or Y4 - Y3 Check 4 ArcTan(Xdiff / Ydiff) 3 §
Check A = ArcTan(Xdiff / Ydiff) ) ‘;' S
If Def2 * 3 = Check A then solution found 0.77263 - 0.77266 = -0.00004 3 §

luti f th = - Tol o / Th N (Tol )

I Defl * 3 or Def2 * 3 = Check A then solution found ;?f ne fo.;j 'o:. ounih en Llel Li{/ /ofe,rdn;:e a :'s/sf- dnfO OOdO] olerance

a a n n n n nd. n n -~

If no solution found then Lsl = Lsl - Tolerance. epe freration wi ew Lsiu solutio oY olurio ou S 2
Repeat iteration with new Lsl until solution found. & N
Sta = TS + Lsli 2180+84.,70 + 124.31 = - ©
- - z 4 - Z +09. (P.O.S.) o g
The solution is best found by utilizing & computer program to run the iterations. offset Xartsf rait 2182+09.01 0.5 ] -

[-1.09318)° + 81.05877°
= 81.07 (Offset RT)
OFFSET - RIGHT SIDE Default[Model]
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Sta = TS + Lsls Offset = IXdiffi+ Ydiff?
CENTERLINE SPIRAL STATION-OFFSET
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