er |ca an plra urves
R O T O lengthofvertxcalcurveper S
e i e a i e s 1922 > percent grade dlfference ft/%. m/%
Stationing on a Horizontal Curve .. ... .79-3 L - length ft -m
" 4, Ourve Layout by Deﬂectlon Angle v ee < T3 L : length of curve _ ft m
| ¢ Tongent Offsets . . .. .. .. .. +.....794 L ° superelevation runoff ft m
" - §. Curve Layout by Tangent OfEsets v ...795 m L mass ' ~lbm o kg
- 7. Curve Layout by Chord Offset’ . . ... .. :795 - M .. middle ordinate £ - m.
3, Horigontal Cutves Through Points - . . ... . 785~ p  cross slope (rate) - /i m/m
- 9. Compound Horizontal Curves Lewedinin 796 0 R curveradius 8 m
10, Superelevation . . .G il o796 8. sight distance , A L om
41, Transitions to Superelevatmn R X | ‘SRE:- supereleva.twn runout rate 'fl;/'f_t' ‘mfm .
12 Superelevation of lemad Lmes i 7980t 7 time se¢ s
13, Stopping Sight Distance .. . . ... .. ... 798 T _ta.ngent'length - B i Com
" M. Passing Sight Distance® © i ... ... 799 v 7 velocity o fifsec mfs
'15. Minimum Horizontal Curve Length for _ W, ‘lane width £ m
_ Stopping Distance .« . . . .. ... i 798 W . offset (ma.x;mum) R m
16, Vertical Curves .« . o5 . . i o e e T9-10 r  distance from BVC ~ sta sta
“11. Vertical Curves Through Pomts SRR 79-11 oo tangent dlsta.nce o £ Cm
18 Vemcal{}urvetoPassThrough S
L Murping Point . .v i i e ey T2 Sy b‘_’"f_ SRR R
19. Mlmmum Vertical Curve Length for _ T e cangle oo deg o deg _
- Bight Distances (Crest Curves) . . 7912 7. ange o deg o deg
* 9. Design of Crest Curves Using K-Value . 79-13 .. 6, angle - - S deg o degt
2. MmmumVertlcal_QurveLengthfor o ﬂﬁ % Coengle T '?‘95 odeg. o
. ‘Headlight Sight Distance: Sag Curves . . 79-14 aney : '
2. Minirium Vertical Cur;‘;:1 Len,gth for o ' SHbacrlpts

centnfuga.l or cucula.r curve o

Comfort: Sag Curvess . . ... ... ... 1904 S
: ﬁ geslgn of Sag Curves Using .K-V&lue ' 79-14 j’eﬁ fﬁ;;’; .
Jnequal Tangent (Unsymmetrical) . e RRERERARS
L VertlcalCurves...;f.;._....,..gi.'TQ—IS % :_percept:on—reactmn :
..-'. IYVeS . . . . . ....._.:_.;...'.,'- 79'15‘ J'r'ildnog.ltt L -"ai
- 1. Airport Pavement Grades . ... ... ... TIT : M : g'é'nfialfn or spiral
2.-Railroad Grades .« g o ..o w e TOT o vengema
Pr'a;ctice Prob}ems T R 79_'—1_8- ‘
Homenclature . . S ' _1. HOR!ZOH'_[&I_._.. GURVES

abilolu;i;z.lue;:lf tclllsference ercent  percert A ‘horizontal cmmlar curve is & c;.rcular arc between
_ chorfieiengthgr' e ek E g’ - - two straight lines known as tangents. When traveling
'clea.ranoe a o P - ~_ in a particular direction, ‘the first tangent encountered
dogree of curve d do ~ 'is the back tangent { appmach tangent}, and the second
superelevation rate I fte/gft _ mfm . tangent encoun{:ered is the fomard tanyent (departure
- "equilibrivm. elevatlon ST TR ' tangent)
. external distance ook m o The geometnc elements of a honzontal clrcula.r curve
“coefficient of friction . = — '
force I N
acceleration due to g'raﬂty ﬁ/sec m/s*
Erade _ ' _ deci:nal decimal umts of degrees unless mdxcated othermse (Equatmns "
hexght . ... f . . m. . . that contain the degree of curve. term,D areonlyto......
interior angle - - - deg deg . beused with customary U.3. umtS)




PVI  :point of vertical intersection (same as PI)

7972 O'I.VI,:L'I:'ll_.ﬂl._l'l.li_lll_ﬂg__'_llrl.‘_lflll'ﬁ NCE 'ufnhu'n_.l.' '

R= 572_9 578 [U.8.~arc definition] 79.1

[U S ~=chord definition] 792
sin ( )

27rRI ' . I - :

weso-on (D)= €Jon(l) e
oma(f)mwall)

: 'Tabfa 79.-i Horiz_ontal Curves: Abbrgviaﬁons and Terms

preferred '
¢ ' short chord (a.ny stra;ght dxsta.nce from one
point o the curve to another)
_long chord (chord PC to PT); same as LC
" degree of curve =
external distance (the distarice from the -
vertex to the midpoint of the curve)
interior-angle; central angle of curve;
" deflection angle between ba.ck and forward
_ ..tangents
L~ length of the curve (the length of the curve
' - - from the PC to the PT) -

~oEEa

e | long chord (chord PC to PT); same as C _
M -middle ordinate (the distance from the curve

.~ nidpoint to the midpoint of the long chord)
MPC' * midpoint of curve ;.

PC ‘point of curvature (thé point where the back

_ ‘tangent ends and the’carve begins}
PI pointof mtersecnon of back and forward

o  tangents : .
POC  (any) point on the curve

‘POCT - point of curve tangent:

POST  (any) point on the semitangent

POT  {any) point on the tangent
PT . point of tangency (the. point where the curve

ends and the forward fangent begms)

R radis of the curve  + - T
RP radis point (center of ciirve)
T {semi-) tangent ,dzs,tance from 14 to PC
- ~ orfrom ¥V to PT
v vertex of the ta.ngent mtersectmn pomt
: altemate/archmc

BC - beginning of eurve (same as PC and TC)

CT change from curve to tamgent (same a8
PT and EC) ;

A interior angle (same as I )

EC  end of eurve (same as PT and CT) .

TC  -achange from a tangent to a curve
(same as BC and PC)

! T'=Rtan(-;~)_ SR 704

51 .(.-;t);._.@)g o

. point; the interior angle is the deﬂectl

2. DEGREE OF CURVE
~ In the Umted Sta.tes curvature of "‘ty
 radius, R; or the degree of curve; D. Th 5.

lel concept in metric highway design
are only denoted by radius when 1sin

o ()0

- Flgure 79.1 Horizonlal CurveElemenzs o L

Emample 79 1 : SRR 1

‘Two tangents—the ﬁrst entéring & honzontai 0
‘the second. leaving the horizontal ¢u

of N10°W and N12°E, respectively. Th
1300 ft. ‘Deterimine the interior angle.

Solution
Since the two tangents de not originate

the two ‘tangents. _
=1 41r =22

ways, and ra.tlway curves can ba specified b

5729 578
R R
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Ehighway work, the length of the curve is under-
4 ‘be the sctual curved arc length, and the degree
" e is ‘the angle subtended by an arc of 100 &.

‘ t-,o be calculated on a.n arc ba.ns

curves have very large radii. The ra.du are so
short ‘portions of the curves are essentmﬁy
In railrcad surveys, the chord basis 8 used,

degree of curve has a different definition. The
degree of curve is the angle subtended by a
100 ft. Tn that case, the degree of curve and.
e related by Eq. 79.9. Ouce the radius is cak

mnbeused

the ta.dlus is la.rge {4° curves or sma.]ler) the
nce between the arc iength -and the . chord length
cant. Therefore, the length of the curve in
| pra.ctice is equal to'the nu.mber of 100 ﬂ; chords

L= (—5) -cldo_ff'c)

[chofd basrs] - 798

i single
elween
When the rout,e is :mtlally la.ld out between PIs the
‘urve js undefined. The “route” distance is mea.sured
fom PI o PL.The route distance changes, though,
When the curve is. laid out. Stationing along the curve
R I8 continuous; as a vehicle’s odometer wotild record the
, high- Chz‘{'v-’-i-m:e The PT station is equal to the PC statlon
jer the plus the eurve length '
w . staPT=3staPC+L 78It
ik : : staPC-—staPI T 79.12
798 When the curve is iald out, each PI will have two sta-
Coe 15 associated Wlth lt The famard station is equal

other arc-basis equa.tlons (Fqs. 79.1 through '

79.10

HORIZONTAL, COMPOUND, VERTICAL, AND SPIRAL GUAVES 70-3

to the PC station plus the tangent length The back
station is equal to the PT station minus the tangent
length. :

~ Ezample 79.2

An mtenor a.ngle of 8 4° is speclﬁed for a 2° horizontal

PC a.nd PT statlons o

Solution
.U_SéEq 7938,
(360°)(100 ft) (360")(100 ft)
CoamD (21r)(2°)
= 2864.79 ft

Use Eqs. 79.4 and 79.3.

.._T_-;___.-Rtaa g) = (2864 79 ft)tan (8: )
=21038 % '

L RI(360°) (286479&)(84)(3600)
-=420.00 ft

The PC .a.nd PT-pomts are Ioca'ted at

staPCfstaPI T
'-62+1708 S
staPT staPC+L-'(62+1708)+42000ﬂ: L

=66+8708

(64427, 46) ~210.38 ft

' 4.. GURVE I.AYOU'I' BY DEFLEG'I'IOH ANGI.E

'Constructlon survey stakes shou.ld be placed at the PC B

at the PT a.nd at all full StatIODS (In the Umted States :

_ 100 or. 1000-m, dependmg on the organmatlon } Stakes

may also be required at quarter or half statlons e,nd at
all other critical loca.tlons ' :

The deflection angle method is & common: method used
for staking out the curve. A deﬂectwn angle is the an- _
gle between the tangent and a chord. Deflection a.ngles

are related to eorrespond.mg arcs by the followmg prm- '

.c1pl$
Q) The deﬂect1on angle between a ta.ngent and a

chord (Fig. 79. 3(3)) is half of the arc’s subtended.
- angle,

{2) The angle between two chords (Flg 79 3(b)) is.
balf of the arc’s subtended a.ngl .

In Fig. 79. 3(a), angle V-PC-A is a deﬂectlon a.ngle be-

~ tween a tangent and a chord Usmg Pnnclple 1,

Ca= L’V-PC—A g




79-4 cnrn. :unmu:muo nu’:nluc: MANUAL

Angle f can be found from the following relationships.
' B _ arclength PC-A

5600 = "R 79.14
. ? = ar‘g .Ien_glt;t_l -PC.—A 70,45

entu'e curve can be laid out from the PC by mghtmg the:
deflection angle V-PC-A and taping the chord distance
PC—A

. Cgcqx_ < 9Rsina = 2Rsin (-‘22) " 7916

: ubtanded
' arc

L )

Figure 79.9 'C-‘f‘@lér Curve Defléction Angle

E:z:ample 79 s

A cucu.lar curve is to be constmcted thh a 225 ft radius

and ari interior angle of 55°. ‘The separation beétween
the stakes along the arc is 50 ft. (a) Determine the
chord Jengths between stakes. {b) Assuming the curve

is laid out from point to point, specify the first and last

deflection angles. (c) Determine the Iengl;h of the final
(pa.rtml) chord.

AO’ustomary U 8. Salutwn .
{2) The central angle for an arc of 50 f!'. is gwen by

Eq. 79.14.
_ (360°.)(5tc_'length). -
2R

(360°)(50 &) .

= R 12732
F&-om Eq. 79 16, the reqmred chord length for full 50 ft
arcs lS . 7

 C=2Ren (ﬂ ) @25 s ( 12@;3_2_ : )

-—4990&.

{)) “The first central angle is 12. 732°. From: Prmmple 1,
-the ﬁrst deﬂection angle is half of t.hls or 6 366° '

~ dicular point. Tangent offsets for clrcuiar
calculated from Eq 79 17

- Offsets from parabolic curves (parabolic flares, |

.. the oﬁ‘set

Figirre 79.4 Tarigent Offsst -

12.732° goes into 55° four times with a remmﬂdet
4.072°. The last deflection angle (mghtmg to the P'I‘)
is 2.036°. Use Eq. 79.16.

{c) _ C =(2)(225 ft) sin
=158 f

e

4072)

B0 ftarc

43.90 ft chord "

R=2251)

12732 \\|//

5. TANGEHT OFFSETS

-tance, z, is the distance a.long the tangent i

tapers, or curb flares) are calculated from

W is the maximum offset, L is the length of |
(taper), « is the dlstance a.Iong the baseline

PROFESSIONAL PUBLI CATIONS, INC.
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L GURVE LAYOUY BY TANGENT OFFSETS NI = chord dstonce =NQs (£ )

* sangent offset method (statlon oﬁset method) can

to lay out horizontal curves. This method is = (3R sin ¢ ({ - )
: et used on short curves. The method is named (2R sina) cos 3
the way in which the measurements are made, which B o -
y measurmg offsets from the ts,ngent line. =.Ccos (.—-v“. ) 726
 RQ = chord otféet-_z_'_NQsin G - )
= (2Rsina)sin .(-2- - )
=Csm(§ = ) Y

8. HORIZONTAL CURVES
THROUGH POINTS

Occamonally, it is necessary to demgn a honzontal curve
to pass through a specific point. ‘The following proce-
dure can be used. (Refer to Fig. 79.6.) _ :

. step I: Caleulate @ and m from  and y. (If o and
'm are known, skip this step:)

=

--'hgm 79.5 Tangent and Chord Offset-eeome' ometry ® ﬂ' _ _79'2-'9 _
'-Conmder the two right tna,ngles NPQ and NRQ in R PRV SUUEI
Fig. 79.5. Point Q lslf-ny point along the circular curve, . step 2:  Calculate 7. Since 90°+1/2+a+y = 180°,
_:mdaisthe deﬁectlon a.ngle from the tangent to pomt : S R I S .
b =P -z -a 7980

NP = tangent a_ii__stanw = N'Qcoéa 79.21
o R fangt G qsne - step 3: Calculate ¢.
The short chord distenics is

'NQ -C= 2Rsina . 7823 ¢ = 180° — arcsin —s-‘-"il-— : 79.31
N'P (ZRsma)cosa : o S cos(i) | y
seeoso ;7934 S \2,
PQ = (2Rsina)sina '\ _
=2Rsin’a . 7925 step4: Calcutate .
0=180°=y=¢ . . 7082
7. GURVE LAYOUT BY cuonq OFFSET | |
. The chord. offset method is a third method for laying step 5: Calculate the curve radms, R from the law
. out horizontal curves. This method is also suitable for of sines. ‘.
short.curves. The method is named for the way in which - ' S
he measurements are made, which is by measunngdls- S sin  cor A
. taices along the main chord from the instrument Jocs- - @ng Bach ©F RN
tlonatPc SR L T T TR 2
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[
-\
~Y
known point~™ - P

FI

o

tangent X

i
NTY

/ bisector

Y tangent - -

" radius

v
center

{b) step 2

fc}stops 38 4

. Flgure 79.6 Horizontal Curve Thrugh a Point (1 known)

9. COMPOUND HORIZONTAL CURVES

A compound curvie comprises two or more curves of dif-
ferent radii that share

share & common tangent point; with -

- the same side of the common tangent.

- The PT for the first curve and the PC for the second

-~ curve coincide. This point is the point of common cur-
vature (POG), - T 15 the point of com 7

their centers on

Compound curves should ‘only be used or low-speed
roadways, such as on entrance or ‘exit raraps. Their -
use i reserved for applications whe re design constraints,
such as topography or high land cost, preclude the uge
of a circular or spiral curve; For safety, the radius of the

If & vehicle travels in & circular path with instantagcs

' experience an apparent centrifugal force; F,.

I the velogi

MANUDAL '

equal to foyr thirds
halves o

larger curve should be less thansor
times the radius of the smaller
interchanges).

curve (three

Figure 79 7 Campound Cirp"u.;a_r' Curve
10 SUPERELEVATION

radius B and tangential velocity (ie., speed

SN o

IRV
The centrifugal force can be resisted by
‘tion, or & combination ‘of the two.

{consistent units] -

Soime of the centrifugal force s usually resis
ways friction. .(One-half of the theore
ton. rate is usually adequate.)

the centrifugal force. The sum, €+ 7,, may
to as the eentrifugal fuctor. S

“tang= Yo _F 1 nsistent uni
e=tang: gR'f": (consistent 1

becomes -

Y,V is expressed in comnon




[

al, a lower banking angle is used in urban areas
pural areas. For arterial streets in downtown ar-
the maximum superelevation rate is approximately
8 to 0.06. For arterial streéts in suburban areas and
S on freeways. where there is no snow or ice, the maximum
Mgleva.txon rate iz apprmnmate!y 0.10 to 0.12. For
" Aeial streets and freeways that experience snow and

’ _Mthememmum should be 0.06 to 0.08.

the maximum superelevation fate is appro:a—

thelmﬂmmm curve radxus if the speed is known.

qy studies have been performed to determine values
.ofthe side friction factor, f,, and most departmeénts of
: .msporta.tlon have their own standards. One method-
is to assunie the side friction factor to be 0.16 for

-8 j-(939 can be used for hlgher speeds

w [< 50 mph] 7938

ﬂﬁam—' 10
f=0u4- 9—%———%5’9—) 150 to 70 mph) '79.‘39

Fietion factor for sideways shppmg, fs, can be differ-

‘wihie side friction factor, lateral mtw, comcrmg mtzo
o unbalanced centrifugal ratio.

TRANSITIONS 1'0 SUPEREI.EVATION

.'&anmnons from crowned Sections to supereleva.ted sec-
.ho_ns_ should be gradua.l “When & curve is to. be su-
. ag (often referred to as a “pomt”) on the €ross sec-
-Non. This is the axis around which the pavement will

e rotated (longitudinally) to gradually change to the
ecified mperelevated Cross slope The rotational axis
{"point”) is a Jongitudinal axis patsliel to the instanta-
eous direction of travel. The location of the rotational
Joint varies with the basic characteristics of the typlcal

%ection, The following gmdehnes can be used.

of rotation s generally at (along) the original crown
: _of the roadway. However, it may also be the edge of
the outside or inside lane. -

(2) On dlwded hlghwa.ys with relatwely wide- de—
aown of each roadway or at 't'h'e'édge of the la.ne or
Shoulder nearest the medisn of each roadway. Plac-
ing the axis at the crown results i in median edges

- 8 different elevations, but it rediices the elevation
hkei}’ that the highway will be widened in the future,

it the msxde 1ane of shoulder B

'my 0.08 or 0.10, Eq. 79.35 can be used to calculate

Although the mphmtlcatmn may be unwarranted, the

‘etiated from the straight-ahead friction factor. For
"-fideways shppmg, the friction factor may be referred to -

.(1) For two-lane and undivided highways, the axis

erential between extreme pavement edges, If itis

i will be desirabls to rotate the pavement cross-siope B

HORIZONTAL, COMPOUND, VERTICAL, AND SPIRAL CURVES 70-7

(3) Ondivided highways with narrow raised medians
and moderate superelevation rates, the axis of rota-
tion should be at the center of the median. If the
combination of pavement width and superelevation
rate results in substantial differences between pave-
ment edge elevations, the axis of rotation should be
at the edge of the 14ne or shoulder nearest the median

_ ‘of each roadway. If an at-grade crossing is located on
the superelevated curve, the impact of intersecting
traffic should be cons1dered in selecting the axis of
rota.tmn

(4) On d1v1ded highways with concrete median bax-
riers, criterion (C) will control, except that rotation
should occur at the barrier gutter when that method
‘of rotation is selected.

For maximum comfort and safety, superelevation should
be introduced and removed uniformly over a length ad- -
equate for the likely travel spéeds. The total length of

. jthe supereleuatwn tmns:tzan dtstance is the sum of the

: 51gmng the superelevatlon transxt;on dlsta.nce

(1) Tangent runout, Tr, a.lso known as tangent
runoff and crown mnoﬁ' ;8 & gra.dual change from
a normal crowned section to a point where the ad-
- "verse cross slope on the cutside of the curve has been
: removed When the adverse cross slope has been re-

will be equa.l to the: oenterhne elevatlon "The inside

pavement edge will be unchanged. The rate of re-

. moval is usually the same as the superelevatlon runoff
_rate (SRR),

(2) Superelevation runoff, L, is a gra.dual change
. from the end of the tangent runout to a cross sec-
' t.lon that is fu]ly supereleva.ted The supemlemtwn

is the rate at which the normal Cross- 'sl'op‘e 'o'f- the

‘roadway is transitioned to the supere[evated Cross-

slope The superelemtlon runoﬂ T8te is exprwsed in -

its of cross-slope elevation, per-unit width per unit
length of traveled roadway.

| exprassed 83 1:200. For speeds Iess than 50 mph or
if condltlons are restnctwe a.nd if suﬁiment room is

ra.tes may be used

(3) 'Ihngent runout and superelevatmn runoff dis-
;tances may be calculated usmg Egs. 79.40 and 79.41.
1 is the lane width, and piis the rate of cross slope

peE o paag
Lfs_lm. s 7oAt
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(4) Superélevation runoff rate on a curve may be de-
termined by a time rule (e.g., “runoff shall be com-
pleted within 4 sec at the design speed”) or by a
speed rule (e.g., “3 & of runoff for every mph of
design speed”), regardiess of the initial supereleva-
tion, Time and- speed rules depend on the specnfymg'
agency.

(5) On circular curves, the superelevation ' runoff
should be developed two thirds on the tangent and
one third on the curve, This results in two thirds of

" the full _superelevation at the begmnmg and ending
of the curve. This i is & compromise between: placing
the entire transition onthe tangent section, where su-
perelevation is not needed, and placing the transition
on the curve, where. full superelevatmn is needed.

{ 6) On spiral curves, the superelevatmn is developed
entirely mthm the- length of the spiral.

{7) Al shoulders should. slope away from the trav-

eled lanes: The angular breaks at the pavement edges -
~of the superelevated roadways should be rounded by
the insertion of vertical curves, The minimum curve .
_length in feet. should be apprommately numencally

' equa.l tothe desngn speed in mph

Emmple 79. 4

One end of a horizontal curve on a two-lane highway
has 12 f lanes and a crown cross-slope. of 0.02 fi/ft.
The PC is at sta 10400. The transition rate is 1:400,
‘and the required superelevation is 0.04. Calculate the
-gtationing where {a) the superelevation runoff begms,

{b) the tangent - nmout begms, and. (c) the curve is fully E

: supereievated
Solutzon
(a.) Use Eqs 79.40 a.nd 79 41,
| (12 ) (o 62 &)
PTRRRTTTLE
_ 400 £
—9%6 &
(12 ) '(0_.04 E)
[=. W8 o\ ft
SRR™T LR
. R
=192 f¢

The supereievation should be devebped two thirds be-

fore the curve and one third after. Therefore, the ; su-

perelevation beg;ms at 2L/3 before the PC.
sta 10400 — 2—3L~ = sta 104002 (2) (192 £
. =agta 10+oo ~ 128 ft = sta s+72

(b) The: tangent runout begins at
st B+72- 96 fo=sta 7476

- '; distances, it is assimed that the 6 bject |
_ _has a hexght of05 ft (150 mm)

(c) The pavement should be fully superelevated g
after the PC, at station M

sta 10+09+ -gl— == gta 10400 4 =2 192 ﬂ;

=8t 10-+00 + 64 £t = gtq 16-+64

..................................

..........................................

The method of Speafymg superelevatxon for rallroad. ]
lines is somewhat different than for roadways. The equi.
Bbrium elevatwn, E, of the outer rail. re},a‘t;ve to the
“inner rail is calculated from Eq. 79.42. The effectwe
gauge, Gef}', is the center-to-center rail spa.cm,g

GegV?
o

E= {m‘i‘““d“‘] S T

13. STOPPING SIGHT DISTANOE

The stoppmg szght dastance is the distance required by
a vehicle' travehng at the deslgn speed to steg;

dw Greater dzstances should be_p
'_évér poss ble : :

is- nega.twe if the roadway is dbﬁrnhl] )
of fnctmn f, is evaluated for a wet pa el

“f)eslrable values” of stoppmg sight
hsted m Table 79.2 for va.nous dee -
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g AASHTO Minimum Stopping and Passing Sight Distances

‘rfkncwn 8s & “minimum va!ue » 'I‘he mmamum speed
_ tobeusedlsdeﬁnedbyEq 79.44.

| ‘fmin_-='- :V&qeizn”—- Q'z("desién ~ 30 kuu/h)
_ ' Lo - j[S-!{I] 79.44(a)
vmm = Vdesign ™ 0. Z(V._je_gg_n_ = 20 mph)
: [US} 79. “p)

ahead neoessary to pass mthout meetmg an oncommg '
wehicle, Passing sight distance is applicable only to two-

riam two—way hlghwa.ys Passmg sight- distance is not

ﬂb_]ect bemg viewed is assumed to beata helght of 4 25
R (1.30 m), Mm._tmum passmg 31ght chstances are given

............................................

A honzontal cu-cuiar curve is shown in Flg 79.8. Ob-
ions along the inside of curves, such as retammg

3 . ”Inm“:' cut slopes, trees, buildings, &nd ‘bridge piers; can -

the: avmlable s:ght dxsta.noe Oﬂ;en & curve must

minimum passing
. desired _ sight
assumed stpppmg assumed -distance
1mt1a1 sight B ‘two-lane
distance® speed® hway®c.
i) iben) G e B
0 (30) 20 (30) e e w0 (49) 810 (7).
25 (40 24°25 (40) 138.5-146.5 (44.4) xx (51) xxx {285) -
30 (50) 28-30 (47-50)  177.3-195.7 (57.4-62.8) 36 (59) 1090 (345)
xx) 32-35 - (xx-x%x) 2L7.7-248.8  (zoo0x-s00x) xx {xx) wx (00x)
3640 (55-60)  267.0-313.3 (74.3-84.6) 44 (66) 1480 (407)
4045 (63-70) 318.7-382.7 (94.1-110.8). X% {74) xoox (482)
44-50 (70-80) 37644611 (112.8-1394) 51 (80) 1840 (541)
48-55. (77-90) ~  432.0-537.8 (131.2-168.7) -~ xx (88) oo (605)
@ (00 5260 (85100)  S0IS-6358 (5703080 & (94) 2140 (670)
6 (oo 5565 (ocioo) . 5494740 (ooocoox) 60 (o) 2810 (wa)
70 (110)  58-70 (01-110)  613.1-840.0 (179.5-246.4) 64 (100) 2490 (728) .
7 (120) - 6175 (98—-‘1‘20‘)‘ 665.7-937.0 (202.0-285.6) xx -’(106)'_ 300K '(792)

e ind.lcates that the values avée absent in the 1990 edition tables, “(x:ccx)” indicates that the values are absent in the 1994 edition
" fables. For theseé sntuatlons, values st be determined: graphma.lly b_v equat:on, o by interpola.txon
: iwat pavement '

-'I‘he equa.t:ons for calculatmg the geometry ofa honzon—
tal ‘curve to see around an obstruction assumie that the
stopping sight distance is. greater than the eurve length
{i.e;, § > L). The stopping sight distance and iength

along the cutve are the same. The angles are gwen in

degrws, not ra.dm.ns

- g;;;;m;) R(' _;03(200))

Decision szght distance should be added on a borizontal

curve whenever a driver is confronted with additional

-information that sy unduly complicate the highway

mformatlon the dnver must’ process 10 .8ec of declswn

The curve length methods presented in th:s section are
‘based on horizontal tangent. grades only. If & vertical

-grade occmts in: cotijunction with'a c:rcula.r curve, tlme -
methoda caxmot be used
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Flgure 79.8 Horizontal Curve with Obstructions

16. VERTIOAI. GUHVES

Vemml ‘Curves are used to change the gra.de of & high-
way. Most vertical curves take the shape of an equals
* tangent pargbola. Such curves are -symmetrical about
the vertex. Since the grades are very small, the actual

~arc length of the curve is approximately equa.l to the

chord length BVC-EVC. Table 70. 3 lists the standard -

abbreviations used to descnbe geometnc elements of

vertlca.l curves.

A vertical parabolic-eurve is completely specified by the
two grades and the curve length. Altamatwely, the rate -

‘of grade change per station, R, can be used in place of

. curve. length The rate of gra.de change per station is

given g Eq 79. 47 Units of %/sta are the same as

ft/ (st.a

. R= G 5 Gl [may be negatwe] 79.47

Equatlon 79.48 defines an equal—tangent pa.ra.bohc curve.
z is the distance to any ‘point on the curve, measured

in stations beyond the BVC, and elev is measured i ft.

The saiie reference pomt is used to measure all eleva-
. tmns

dlev, = (?) 4G+ deveye 7948

The maximum or mmunum elevation will oeeur when
‘the slope is equal to zere, which is located as determined
by Eq. '.79.49 This point is known as the tummg point.

In sag vertical curves, the turning point is the location
at wlnch catch basms should be msta.]led o

- Frurning point = -Ti:"' _{m_ stations]  79.49

The middle ordinate distance is found from Eq. 79.50.

Table 79.3 Vertical Curves: Abbreviations and Terms

- stations on. the curve7

e v
tuming point 'y
\4-‘\ G" \

BVC_.

1o

(b) sag curve S

Figure 79 9 Symmetncal Parabo!fc Verticat Curve

pmfen'ed .
A change in gradient ng = G’;I [alwa' :
BVC _beginning of the vertical curve -
EVC - end of the vertical curve -
Gy grade from which the sta.tlomng

' starts, in percent ' :
Gy - gra.de toward whlch the- statxonmg h ;
o ~ in percent -

L lengthof curve .

M - middle ordinate

R rate of change in grade per station
V- vertex (t;he mtersect:on of the two t.

-altemte/archmc

E tangent offset at V ({same as M )
EVT end of vertical tangency (same as E
 and PVD) o
PVC  same »s BVC
PVI  sameasV
PVT same as EVC

VPI vertical point of mtersection (same a8

A crest vert:cal curve with ‘a length of 4
grades of +1.0% and —-1.75%. The verb
station 35+00 and elevation 549.20 f.
elevations of the (a) BVC (b) EVC ands

.PIHO-F!.S-SIGHII.--B'llh'l-'l.'nlvn'nn'a-'-'-'-.'..-- —




V. olevation 549,20

B i curve length is 4 stations (400 ft).

I elevpvo = elevv = G‘l (_2_) _

ft 4 sta
= 549.20 £ - ( m)_( = )

=547.20 1%

) ?16VE'VG_-=-.elgvy _.-. G2 (_2__) .

somon- (11 £ (422)

L AT% - 1%
' —  4sta
= —06875 %/sta, :

"= <0.3438%/sta [same as 0. 3438 ft/staz]
The equatzon of the curve is

' ' E elevm = (-—?) T +:r: -.F.eléVB'vc

.—03438:1: +a:+54720ft
-Atsta34+mz . 34 ~ 33-—lsta '

= 547.86 f

= (03438 L) 28 +2 045420 8
. =haef | |

*VM (-—03438 —@—) @ ft)’+3 fo + 54720 &
R 547 04

*Vum- (~03433 -—-) (@ &)2+1 -+ 547.20 ft

_WORIZONTAL, COMPOUND, VERVIGAL, AND SPIRAL CUAVES 70-11

Ezample 79.6

A vertical sag curve with vertex located at sta 67415
hss a low point st sta 66489, The grade into the curve

is —2%, and the grade out of the curve is +3%. What
is the length of curve?

st567+15
. SR 026

g

Solutton

The location of the low pomt is deﬁned by Eqs 79.47
and 79, 49 '

| B BN %
G'z G1 35—( 25?3')“5&;

T L L
o T '
pe TG ~ (—2553-) .
TR T 5&
~sta
= 0.4L '

a:+e 26 sta 3

-Substltutmg = 0 4L,

¥ = 04L+026 sta

L =26 sta (260 ft)

If a curve is to have some munmum clea.ra.noe from an
obstruction as shown in’ Fag 79.10, the curve length

:genera.lly wxll not be known in advance If the statlon

| exphcitly

step 1: Fmd the elevation of pomts E F and G

step 2 ‘Calculate the constant (no phymca.i sxgmﬁ
cance) 8. |

. 7851

o
2
Ic
=

o

[

'

-

&
=




' The chsta.nce from the BVC to the point is

79'-12 CiviL aw GINEERING REFER l.n:'e

T MAWDAL

step 3:  Solve for L d.l.rectly

L= M 79.52
8§=1
_'dbstmctioa :
'61 .
BVC ™=

angle |Gy +|G;|
Flgure 79.19 Vertical Curve with an Obistruction
Ezample 79.7
Detenmne the Iength of a sag. ve.rtlcel curve that passes

through a point at elevation 614.00 ft and sta 17400,
The gra.des are G = ~4.2% and Gy = +1.6%. The

. BVCisat sta 13+00 eleva.tmn = 624. 53 fl:

Solut-zon

z =17 sta — _13 sta. -
=4 sta _
At the glven point for thls curve, o
1.6-3’:3’-. i _(__-4.2-.?’1) )

| R;._:G'z—.G_x . _..sta A\ st/ - Vgl

Celev == 614 00 fo

 The equation of the curveis -

dlev = B';f + Gl¢}¢1§VBvc '

614.00 ft =
+ (_—4._2__3—) {4 sta) 4 624.53 ft
—1053ft=.4.—§é.—168ft -

L =74 sta (740 ft)

'IB. VEHTIGAI. GURVE TO PASS THHOUGH
TURNIHO POINT

Another common sztuatlon involving equal-tangent ver-

tical curves is calculating the length of a sag or-crest
curve nwded to pass through a turmng pomt TP, at

- - the éarthwork: reqmred and it is easier (i.e., less ¢
. .swe) to prohlblt passm.g on crest curves than

5 gents, and the . length of the vertncal '
: sma.ll algebraac difference in grades,- _

- problems where the desigix speed, v,
and Gy, are k_nown "The required stoj

or 79.45.- The reqmred curve length
from the formulas in Table 79.4. Sin

' inconststent mth 1ts assumptlon is

- general the sight distance over the

‘height of the eyes of the driver ‘and hs
the: ob,]ect mghted both in feet

a particular elevatxon Equation 79.53 can be used ¢
determine the curve length directly. Grades Gy and G,

and the elevations of the PVI and the turmng m
must be known.

1= 2(elevv ‘elevrp) -
Gy (—~——- + 1)

stoppmg snght dzsta.nces (Hea.dhght 31ght dxstance and
rider comfort control the design ‘of sag vertical curves.)
The passing sight distance could also be used,

that the- ‘required length of the curve would be much_
greater than that based only on the stopping sight dis-
tance. Since the curve length determines the extenfddf

simple selection of szght distance baséd o d
This is actually the case in simple curve

unknown curve length is calculated fo'

The constants in Table 79.4 are based o
of ob;ects and driver’s eyes above the

curve is given by Eqgs. 79.54 and 79.55

b A8
WA VR)
p=25- 20 (\/h—f Vi)

PROFESSIONAL PUBLICATIONS  THE
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i sight distance under an overhead structure to see an
fact beyond a sag vertical curve is given by Eqs. 79.56
79.57. Various assamptions, including headlight
{ and beam divergence, were made by AASHTO

veloping the following equatious.

a2
L=Too535s S<d i1

s AS2
L= amoiaes F<H 08

79.56(b)

L= 28—1—224-1;—3-5—‘?. B> .

151
1§51
fus}

w 79.57(6)

A

Teble 79,4 AASHTO Required Lengiths of Curves on Grades®

Cpassing stopping
sight sight
. distance distance
. (erest curves)  (sag curves) |

. ST units

Ly AS®
S<L . 404

As:
120 +3.58
o 1204355
28~ B S

AS®

946
946

BoE

g g 404
$>L 28-ZF
U-_S._';im't_.s_
"t am
e ~ . 1329
Ss L oG 2oad
>L 28 - e

a5t As*
3093 4004 3.58
g 3093 o 4004358
WeT ¥

2oy F A=Gi=Gy, ths algebraic difference in grades. .

(that B @ YThedriver's eye is 3.50 £ (1070 mm) above road surface, viewing
{ Gchiect 05 R (150 mm)high. .

Sepiled from A Policy on Geometric Desigh of Highways snd
Seets, Chapter I11, copyright © 1994 by the American Associa.
som of State Highway and Transportation Officials, Washington,

Rample 79,8

Acar iy traveling up a 1.25% grade of a erest curve

3 dosign speed of 40 mph. The descending grade

E275%. What is the required length of curve for

Mimum proper stopping sight distaiice?

RS

A= =G =2 1T =40

70560 ,

79.57(6)

lengthis for the lower

knowing K is sufficient.

Solution
Table 79.2 gives the minimum stopping sight distance
at 40 mph as 267.0 ft. Refer to Table 79.4. Assume
S > L. ' L
" L e gg . 1329

= (2)(267.0 ) -%9- ~ 2018

 Using Table 79.4 and sssuming § < L,

. AS?
L= 0 |
= (4.0)(267.0 ft)?

R =26k

 Since 267.0 & is greater than 214.6 ft (S > L), the sec-
. ond ass

ond assumption is not valid. The required curve length

20. DESIGN OF CREST CURVES USING
- K-VALUE R

AASHTOQ extends the sight-distasce procedure by con-
sideting the design speed to be a nominal value. The
actual speed of & vehicle might be higher or lower. Jf
the actual speed is-equal to the design speed, travel is
.considered to be in the “upper range of speeds.” Al

adverse conditions. This cases referred to as the “lower

- range of speeds.” (AASHTO reports that studies have

concluded that vehicles are not always actually driven

tion may yet be made.) The normally used upper- and

- more slowly under these conditions, but the nssump-

lower-range speed values are listed as the “initial speed”
values in Table 79.2. . o
The K-value method of analysis used in AASHTO’
Green Book i a simplified method of choosing a stop-
ping sight distance for a crest vertical curve, ‘The length
of vertical curve per percent grade difference; K, is the
ratio of the curve length, I, to grade difference, 4.
K= ATG oG GGl {always p_o;e!t.!fe] 79.58
The L = KA relationship .:is c@ﬁwniéx_itiy linear. In

order to facilitate rapid calculation of curve lengths,

AASHTO bas prepared several graphs. Figure 79.11
gives minimum lengths of crest vertical curves for the
upper speed range, and Fig. 79.12 gives minimur curve

__________ 6 lower speed range. Since for & fixed grade
difference the speed determines the stopping distance,

every value of speed Bas a corresponding value of K.

Thus, the curves in ‘the figures are identified concur-

‘rently with the speed and the K-value, It is not neces-

ax A and L in-a-design problem; 43 -
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Fig. 1II-41, copyright (©) 1990 by the American Association of
State Highway and Transportation Offiials, Waskington, D.C.

From A Policy on Geometnc Des:gn -df _Hﬁgbmy.«; and Streets,

Figure 79.11 Design Controls for Crest Vertical Curves
.. (upperrange}

A
7a =
[T

7
b
/ 5
|

B L AR A N T R e

From A Policy on Geometric Design of H-ig'hways' and Streets,

Fig. H[-42, copyright © 1990 by the American Association of
State Highway and Transportation Officisls, Washington, D.C,
Figure 79.12 Design Gontrols for Crést Vertical Curves

{lower range) o '
The simplified procedure is to select one ﬁglue or an-

Other based on upper or lower speed range, then select
onie of the curves based on the speed or the K-value,
and finally read the carve length that corresponds to

the grade difference, A, K-values:shéwn on the graphs

The shorter curve lengths in the AASHTO figure have
been determined by other overriding factors, the most
important of which are experience and state Tequire-

ments. . Curve lengths calculated from Table 79.4 for

.-and comfort becomes the design

sight distances,

The AASHTO Green Book contains

ference, 4. .

S > L often do not represent desirable desi D
tioe and are replaced by estimated values of thivg pr
the design speed. This is consistent with the migj..

- curve lengths of 100 10 300 ft (30 to 90 m) pmmbed“;
tmost states. The estimated solutions in the AASETy
figures are also justified on the basis that the
curve lengths are obtained inexpensively when the dit.
ference in grades is small. -

21. MINIMUM VERTICAL GURVE LENGTH
FOR HEADLIGHT SIGHT DISTANCE:
SAG CURVES -

A say curve should be designed so that a vehicles bead.
lights will illuminate a minimum distance of road ahea
equal to the stopping sight distance. When full rogd.
way lighting is available and anticipated to be available
for.the foreseeable future, designing for the headlight 3
sight distance (also known as light distance) may not  §
e necessary. _ P nge )

22. MINIMUM VERTICAL CURVE LEN@H*

FOR COMFORT: SAG CURVES - " ™

In a sag curve, gravitational and centrifugsl
‘bine to simultaneously act on the driv
calculating the minirourn lengt

given in Eq. 79.59, The curve lo
be shorter or longer than the safe passing

23. DESIGN OF SAG CURVES US|
K-VALUE

headlight sight distance, rider c

trol, and rules of thumb. Figures 79.13
vide graphical methods of determining
the K-value concept. As with crest ¢
dure is to select one figure or another b
lower speed range, then select one of th
the speed or the K-value (from Eq. 7
read the curve length that corresponds
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"4 Policy on Geomeiric Designof Highuoys and Streets,

-43, copyright © 1990 by the Arnerican . Association of

j Highway'and Transportation Officials, Wasshirigton, D.C.
» 79.13 Désign Controls for Sag Vertical Cuives
o _{upperirahge_) ’ ’ ’ :

: i b o€ g vatin b ) R

Bom A Policy on Geometric Design of Hightiys and Strvets,

Pig. 144, copyright (© 1990 by the American Association of

State Highway and ‘Transportation Officials, Weshington, D:C.

Figure 79.14 Design Controls for Sag Vertical Curves
(lowerrange)

24, UNEQUAL TANGENT
- (UNSYMMETRICAL)

VERTICAL CURVES

Not all vertical curves are synimetrical aboit their ver-

Sices. Figure 79.15 illustrates & curve in which the dis-

tance from the BVC to the vertex, 11, is not the same as

the distance from the vertex to.the EVC, Jy. To evalu- -
ate the curve, a line v1v, is drawn parallel with AB such

that Av) ="v;V and Vv; = v,B, This line divides the

curve into two halves of equal-tangent parabolic vertical
curves: the first from A to K, and the second from K to
B. The elevation of v; is the average of that of A and
V; the elevation of v is the average of that of V and
B, Therefore, CK = KV. The vertical distance, CV, is

defined by Eq. 79.27.

wa (k) .
.Cv-".“(L)A . 7860

In Eq. 79.60, Iy, I3, and L ate expresséd in stations,

and A is expressed in percent. Eq. 79.61 can be used to
‘solve for the distance CK. |

e v (Y,
-CKm-KV-—-(gL_)A _ 79.61

AB, found by Bq. 79.62.

The grade, ', of the line Vive ._ig the same as that of

e elevyg —elevy
4 b= PP AR 1.
G = ——= T

Figure 79.15 Unequel Tangent Vertical Cuive

25. SPIRAL CURVES

Spiral ¢urves (also known as transition curves and ease-

ment curves) are used to produce a gradual tran-

sition from tangents to circular curves. A spiral curve
is a curve of gradually changing radius and. gradually

changing degree of curvature. Figure 79.16 illustrates

the geometry of spiral curves connecting tangents with
& circular curve of radius R and degres of curvature D.
‘The entrance spiral begins at the left at the TS (tan-
gent to spiral) and ends at the SC (spiral to curve).

‘The circular curve beging at the SC and ends at the CS
{curve to spiral). ‘The exit spiral begins at the CS and
ends at the ST (spiral to tangent), -~~~ -

79.62

<
2
@
=
[}
bt
i3]
oy
&
=
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o
%o Te=B+ Qbtand

- Rl ]
back¥S| 0 4{Tser ] o
ta_ngem T ——— 3 -

: CS

cjuebuey ]
“pieAuc) %

. Flgure 79,16 Spiral Curve Gsometry

“Entrance and exit spirals are geometrically identical.
Their length, L, is the arc distance from the TS to the

SC (or CS to 8T). This length is selected to provide

sufficient distance for introducing the curve's Superele- -

vation. The length of a spiral curve can be adjusted to
- between 75% and 200% of the theoretical value to méet
~ other design criteria. - - - S
‘There ate various ways of selecting the apiral length, I,
includinig rules of thumb, ‘tables, formulas, and codes.
Equation 79.63 is ‘2 modification of the 1909 Shortt
equation. . - - '

"
Lo e 225500

CL6vE.

mph

1 7063

L, ¢ ry —-—mph [US] 79.630)

A tangent to the entrance apiral at the SC projected to

the back tangent locates the SPI (spiral point of inter.
section). The angle at the SP1 between the two tangents
is the epiral angle, I,. (As with spiral curves, the sym-
bol I and A are both used for spiral angle,) The spiral’s

.degree of curvature changes uniformly from 0° at TS to
D (the circular curve's degree) at SC, Since the change
is uniform, the average degree of curve over the spiral’s
length is D/2. The spiral angle is given by Eq. 79.64.

Ly is the length of spiral curve in #, and I,, I,, and D

1, *-;(;@5) ( -2) =200 79.64

The total deflection angls is squal to the interior angle,
1, of the two intersecting tangents. - - '

RET. I=I€+2I3 IR 7965

TG Y T

The total length of the curve system is

As with circular curves; spiral curves cag be 1aj
using deflection angles or tangent offsets, T,

defiection angle, @, from the TS to the $C i -

At any other point, P, along the spiral curvi, spiral 45,
gles, ap, are proportional to the square of the distanee
from the TS to the point. Ip is the central spiral angle
&t any point P whose distance from TS i Lo ™

 For any spiral curve length L wup to I, the teugent |
et 1y T curve length L wp to L, the tangar

Table 79.5 Spiral Curve Abbreviations

L]

L=1L.+2L, 7066

’ ..'dqut_
¢ total

Qg =

-~

79.67

Hiw
i

2l (e g

Y= ztanag & 10 radins
L f!’v'_Ié,_f:_ididn}s
2L5D .

T enE
=5 o)
T.=(R +Q)tan-§ '

Q=y~R(I~cosl,)
oo
=gr ~ Rl - cosl,)

' _c_in've to spiral.pdint

~ offset of ghost PC to new tangent (tang
spiral to'curve point
TS tangent to spiral point
Beomple 10.9

A 300 ft long spiral curve is used as & trs
' lax curve, The interior angle of the

spiral angle

distance to any point, P

length of spiral )

radius of circular curve

spiral to tangerit

spiral to'point of intersection

& of the PI is 70+£00. Determiz
T8, (b) C, (c) CS, and (d) $7,
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gl el . Tem87803R
- = xos W L T

T,=102541f

—=
TS 300 ft

7058 Use Eq. 79.64.

LD _ @0R)E) .,

gt 200 7200 |

The circular curve's subtended angle between the SC
and CS is | .
o Le=T-21, =85 = (2)(9°) = 67°

Use Eq. 79.1 to calculate the circular curve’s radius.

G Re= 2008 BRI oiosg
Ay De e :

om0 ) - o) ()

| = 111667 ft -
Ut Eq. 79.69 o calculate the offset from the tangent

% the 8C. At that point, = L,.

I (W)
Y= R T @515 )

=1571f

Sil_l'f??-',gé_ < 20°, tﬁe 't'a_l;'gél_if_r distance can be approxi:
lated g8 S

i5 b

to: { From Fig. 79.16,
tations o

= 8~ Resinl, =200.76 f— (95493 f)6in®")

Use'Eq. 79.10 to calculate the length of the circilar

Use Eq. 79.70.

L*
Q=z5— R(l —cos L)
T ~ 9 0 -

=395 &

Use Eq. 79.70.

7= (R + @)tan 3}
= (954.93 ft + 3.95 ft) tan (§;j_) |

| = 878.65 ft

T, =2+ T, = 150.38 ft + 87865 fi = 1020.03 &

(4) staTS=sta PI—7, o

o = (70+00) — 1029.03 ft = 504.70.97

(b) sta SC=sta. TS-I-L, . ST

' = (59+70.97) + 300 £t = 62+70.97

(0) staCS=staSC+L,

R = (62+70.97) + 1116.67 ft = 73+87.64
(d) -sta 8T = sta OS + L, = (73+87.64) + 300 ft
=T6+8764 :

 Longitudinal grades of aitport runways should be lim-

ited to 1.5% for transport airports and 2.0% for utility
~airports. Similarly, the maximum grade change from

 one runway grade to another grade should be limited to
1.5% for transport airports and 2.0% for utility airports.
The maximum grade on the first and last quatter of the

runway distance should be 0.8% for transport airports.
‘The minimum lengths of vertical curves (PC to PT)

should be 1000 ft/% grade change for transport airports
and 300 £t/% grade change for utility airports. The min-

imum separation between points of intersection (Pls) of
‘Tuniway vertical curves should be (1000 ££)(Gy + G])
for bransport airports and (250 £t)(|Gy |+|G]) for utility

Transportation

Table 79.6 gives general recommendations for maximum

rates of change of gradients for railroad curves,

. Railroad Lines {percent per 100 1t station) -
g o

track line rating

high-epeed main line - - 0,05 010
~ secondary or brandhi line 0.10  0.20



