INTEROFFICE MEMORANDUM
DATE: January 19, 1999
TO: Bridge Division Personnel
FROM: Edward T. Fain, Bridge Engineer

SUBJECT: Stopping Sight Distance

The following procedure shall be used for determining compliance with stopping sight
distance requirements for bridges:

1. Meet AASHTO’s A Policy on Geometric Design for Highways and Streets (Green
Book) requirements using the minimum value within the range for stopping sight
distances. Should these requirements not be initially satisfied, the roadway designers
should be contacted to determine what changes can be made to the vertical or
horizontal alignment that will result in compliance with the Green Book.

2. If, after coordination with roadway designers, the AASHTO Green Book requirements
cannot be provided, the requirements of NCHRP Report 400 Determination of
Stopping Sight Distances must be met, and a design exception from the Assistant Chief
Engineer-Design will be required. Bridge widths should be increased in 6 (100 mm if
a metric job) increments, as necessary, to comply with Report 400. The initial speed
shall be taken as equal to the design speed when using the tables in this report.

Relevant pages of NCHRP Report 400 Determination of Stopping Sight Distances are
attached for your information.

CPB
Attachment
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CONCLUSIONS AND RECOMMENDATIONS

The ceaclusions and recommencarions of this resessch
address 0 reviied model for derermising sequised stopping
sight dimances for maday deslgn. The revised moded is
similar to AASHTO's corem sieppicg sight dictince modss
wid sxitable for inclusion |8 AASHTD' S 4 Policy on e
metric Dvsign for BTgiways and Srees,

This chapeer provices 4 brief summary of eaca conclasion
and resommendoaien from the ressarei

CONCLUEIONS

A pevised stopping sighe distance modsl bassd oo deiver
behavicr zud wahicle and neddwary charncteristics was devel-
oped s 2 produost of tis reseanch, Parareios for te revised
model Pave beer walidated with field dzes ped pepresent sali
driving behavior. The parameiers also refisce driver, vablcls,
and readvway mintions reloed o ihe Hopping sight distance
sitnarive,

The revised model b fesdod s the design comeol for
‘neanons or grome: fazmores where mopping Sahl Smares
i the appropriate criterson, speciScally verslen] curves on
mAgEnes and horizomml cerves sear lateral sbesuctions, In
general. the model i intepdad for use wheos speed and pars
chinges e not required, At these locotioas, stenection o
dzzision sighe distance may be e approzrime conmol,

The lellowing seeticns deseribe tae revised =odel sad o
recommefded parsreter valoes far e In Mpbwey peomer-
Ae design.

Rovigsd Etopping Sight Distares Maded

The sevised sooppeng sight distance mods] developed a3 4
product of this resessch is simikr to the exising AASHTD
medel, bat wich initial speed equal 46 the design speed and
design despleration sabsinmed for fricdon eneffisiess. Stop-
ping sight distance {p mill e sum of two companEnE—
Beake-reaction distance (dinssce waveled from the momen:
‘an usenpected pbjest could be ilgined w0 e mamenl the
brakes are appiied) and the draking cEstance (dsmance -
#ied from che mnsent the brakes am appiied 4o the momes
ihe vehicle is decslemied 1o 3 gopL

Cumeasaually. sopping sight dismnes can aflf ke
expressed by e following equasion:

T3

E5D = Reoctien Dissance + Braking Disuecs {14}
For level rnadedys, these pwg COmpanszey &an be mache-
maccally expreged i fiollows:
FED = D2TEV 1 + DUV ity [15)
where: D50 = siopping sighe distence, me

¥ = jnitfal spemd, keyne

= driver peroeptice-beake renceion e, s

and
a = driver decalerition. misend

Az with i coment AASHTO moded, the mEnimom Sop-
ping sigh: dbmance, driver sy beight, and ckject heipht val.
ues afe wsed o calculale the médnimium length of wenics]
curve: regaired and the minisum moe of suevisine or kisml
Hmrmqnmmhimmlﬁm.ﬁhmui:d1nyh
of curve [ Such that, of a minimum, e stopping sight dis-
tance calcalued by Equation 15 is availabde at all paints an
the ctirve.

Initial Epeed

This research wed ather stodles Socomerced [ the liesa-
ture: sherd that sany drivecs excozed the inferred design spesd
Idesign spesd calculnied wving cumens crineris amd ExisiEng
geamesry) of horizeneal iod vercicad curves. The comsdsmency
of these fesults does mar suppont the use of initial speads lass
than the roadway's desiga spesd for cerermesing Hopping
sight distasoe penirements.

Indilsd sperds for deermining stoppics sight disronce
nequirements shoald be 1 speed thal encompasses th desired
speed of most drivess: e.g.. the roadway™s cperaties or 35
percentiic friw Bow spesd. Whes o madway's operating
spezd b expered s chompe over time, the highes: anticipated
opérating spesd showld be csed i Jetecmine siopping sight
diglagss muirements,

Perocpian-Brake Resction Time

This reseach and other sudies docamented @ M Bil-
wrahis show tar AASHTO's 2.5 ¢ permepion-brakes rese-
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ten il for mopping sight dismnes simistions encompasses
the cepabilities of st drivers (including thess of sader driv-
ert), In fas. the dom shews that 2.0 sec excesds the 85t
pescenille S50 perception-bruks resction tme for all drivers,
and 2.3 sec exeesds the D0ch percessile S50 peroiplios-
Brake reaciion time for olf dsvens.

Thazs, the 2.5 sec vilug sheidd be used for determining
required soppisg sight distences; however, i@ bould be
feted that at lecatons where ssopping sight dissance I mo
the approprian cootrol, different perception-reaction Gmes
muy be approgeiate. For example, shoemes perespeion-benke
FERLion limes may be approprise for gaific signal design
whers chanpe intervals are expesied, and kmger perception.
brake reaction tmes miy be approprime foo inemectos or
inssrehanpe design whese driver speed and path comesiices
tre inewpested,

Daaign Decoloratian

This research and other shstties docurnented in the it
Fare show thas 2ol drivers choess decslerstions prashr than
5.6 misec’ when confranied with the need 1o smop for an
unexpected object in the roadway. Approimasely 80 percent
af all drivers choose deceleracions that are grester than 3.4
. These decelemulbon are withis drivers” capability
sury wizhin their lanes and maintais sisering conmol during
brzking mameuvers ca wet sorfazes,

Tims, 3 mosec® (2 comforiable depalemcion formost deiv-
ers) is recommended as the dezslemation threshold for deter-
mhning required stopping sighe dismess Bmplicir e this
decelersiion hreshold 5 the requirement that the vehicle
braking systamy gnd pavemese frission valses are af least

®

equivalent 1o 34 misee? (034 gb Skcd dam show that most
wes pavemes; Sarfices.on stain muimained roacways exesed
thix threshold. Braking data shemw that noast vaicls hrakdng
syibeme can excend che skidding frstiee veiues For the
PEVEMEAL

Recommended Siopping Sight Distances

The recommmended sopeing sight Sstances for design are
beced o6 below awerage drivers delectiog an unexpecesd
oliject in dhe roadway snd sopping o vebicks befoee siriking
the cidgect. The recommended valass ane shown in Tabls 57,
Thee valoes in the bemom five rows of the tabls represen: those
siopping sight distenses beyond the driver's visesl sapabili-
ties for desseting seeall chiects (130 1o 200 mm objecs) dor-
Eng the day and lasge, low contrzst objeces a1 nighe.

For comparisan parpesss, AASHTO s 1984 design swg-
ping fight Ssasces ame shoom s Table 58 and Figure 1§,
Wioes thar the recommended values are spprosimasely mid-
wity betweren e 1954 minimos and desirabie values Foc all
initial speads.

Eyw Heights and Objec! Heights

This pessarch and other smudies documenied in ey liters-
tufe ghow that more then 59 percent of all passenper-car
driver eye Eeighiz exezed 1080 mm. This eye height ancoms
psses an even Barger proporten of the vehicks fSest when
wrucks and meltipurzods vehicles are Included in the popula-
Gon. Thes, LOB0 mms i recoenmanded as che deivsr eve

TABLE 57 Werommended stsgping sight dinssce for Ssim

fSpeed Deeslemron | Distancs dor Dresipn.
(k) Tz (5) Destesce daf [k {=) {mi
N 25 il ] 4 nz 310
F ] L% il ) 34 182 459
b 15 HT . F | 4 .1
o 13 a7 34 LT a3
kL 15 a5 34 554 1042
. a0 23 4 14 Tis 203
20 5 s 14 1.8 14
Lo 15 o4 14 1335 =1
118 14 Tk 14 15713 287
120 13 | LK e ] 67
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This research showed that accidents invedvisg smalf
chjecis are exremely rane svoms and simost never result in
infiries 8o vehicle cocupanis. This reseanch ales showed rEar
small objests are beyond mast driven” vissl capabilides ot
the stopping sdghs distssces pepeired For most uml high-
ways. especially ar might. Specificelly. small objects anc
Deyomd meosl drivers” visual cxpabilities @ disancss greater
tham 1500 en, and excep For raflective o luminmed object,
Large. [ow contrast objeces ome beyond ot dojves” ssghts-
Eime visoxl esgabilities at distances gresner tian (00 m

More reafisc ond frequene bazands o drivers e
lage anizmls (caitle. deer; mo.) and odwer vehicles From
a prusric] barssd sandsing, the cxizizal object for sbozming
sight diszance siould b the senalliess visibile objest durlsg the
iyt and At nfghit thet represents & Sezeed to the ddwer, that is,
oz wmiflighe or bendligh height of anather vehicie,

Appeoximacely 35 percestof te wsilliph: heights snd B per-
cent of the headlight Baights excmerd G mm. Additieeally. this
mseach showed thar eocidents with smaller objet e
enfremaly rine fnd of [ow severiry in nanses, Thes, 800 mm is

B
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Figure 12, Comperizon of 1974 AASHTO wny recommended vl for mopping dgie Siaremy,
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eecommended os the sppenpriale ohject height for determising
reuined Sopping sight distances exewpt in thoss Jocations
wihere the prokabifity of rocks or other debris bn the roodway is
high. In those locatians, a sherer objert heigh is oppeaprie.

Dresign Conbrols for Vertical Curves

Minimurn lengibs of vemical curves sre desesmined by che
pronvision of ample skghi dissance Tor the initial speed before
braking = he conmolling sinmion. Required siopping
Epht distances showld be the contcol whers siopping sight
distenes 15 the appropriaie conirol. aad incersecioe. decision.
of paesing sight distunes shomld ke the coatrl whest spesd
redaction of path orrection is the approprine conmol. The
larges contral valee determines the mindmum kengeh of ver-
tical coree.

Crest VWertical Curves. When eye heighe a=d ohject
besght are LOS0 mm and &S00 mim, retpessively, 48 wied o
siopping sigks distames, the regained length of corve (L) in
wrmn of algehmic differsnes in grade (45 and sighr dispanes
(5] f2a be compued a5 followi

For 5 |ess thes L,
L = AS6SE [§5:1]

For convenience in deseribing diffesent combirations af
epproach amd departine jrades. the guancity LA, esmed "X
it§ the heorizoonl distance wo effect a 1 pescem chings in gra-
diemt, thar |5 o measere of curveture, Table 59 shows e
enmputed K valees for lengihs of crest vemical curves as
required far the steppisg sigh disteroes showwn in Table 57.

For eemparison purposes, the 1994 A ASHTOD design gon-
trols for crest vertical curves ars shown in Tabin 60 2ed Plg-
cre 20, Noie the: the recopsmeaded & values for éoast veni-
gl curves am slighily helow the 1984 misimus values for
ol irerisd spesds,

Sug Veribcul Curves. Headligh sight dinones genesally
comeais the minimess length of sag vertical curves. In this
cane, o headlipghn height of 604 mm and a | degree upwerd
divargesns o the light beam from the longinsdingl asis of the
wehicle I5 wred oo define B driver's Gne of sight. The fol-
lowing equaticn shows the relsticnsisp betwean 5. L and 4,
using ¥ as the Estimce berwmen the vehiele and the point
witere the | degree upwasd angie of light inserseers the oer-
face of the poed:

Por 5 less en L
L = ASH LD + 3.55) (1

Toible 59 thows the compmed K valuss fior langths of sag ver-
lieal curves 28 nequired for e sopping sight distances
shown in Tabie 57,

For comparssom purposes, the 1964 AASHTC design con-
inais o g venical curves are shown in Table 61 and Fig-
e 1. Moe that the recommended valoes me bepwess dhe
1594 minimuir and desirable valboes for all initil speeds.

Design Cantrols for Howizentsl Curvia

Mlimimam mate af corvabwe or lsiesal clecance for hod-
rosti] surved it desermined b providing ample sight distincs

TARLE 37 Recsmiended design contrals Far venloal curves

- m"'g:_ R & Veertieal Corwumre, 1 [ by f==) per 4 of A |
= e Sag Curves
-3 EFE ] 3 |
& a5 % L]
o (1] [+
51 Bs i 1L IT
Rt} =3 a7 ik
B0 132 s »
0 1544 ar 7
108 1L n s
11 ¥3i7 N L]
1m it el o =




TABLE 80 Design controls for cret vertécal curve (AASHTO 1994

v | A | oo | e | Mo

Emesd Candition #f Friozs Diesign. Reensed fio

(erhi) (st £ (el i Dexign
i =30 30 eI LIT3a7 33
# 40-30 034 e dki-an 3
50 47-50 L) 514613 Li%8%s 810
L] 3550 158 TAIRLE 13481772 14-18
7 B ] nir L1100 11923055 231
B To-80 wig 11813048 JL48-24,10 1348
W 70 ILIMET | srslnae 3T
180 as10a (& L57.0-205.0 Gh-1040z a3 05
1 LT Lk 1795246 8 TRTE-150.2 Bl 151
o #8120 a3k WGBS | 10150-EM00 132-12

For the izitial spesd hedone hraking and the coseolling sins-
tion. Requaned sivpgéng sight distancas should be the contol
wihere soppéng sipht distanes is e appropriam comtrol, and
insrsestion, decisian. or passing sight distanes sheuid be e
conced where jpesd ceduction ce parh coeetion 13 the
spprapria conrod, The limgest conaol vijee derermines the
mEdnimem eme of corvanzes of |seral Slsamece.

In design of borizomsd curves, the sight line is a cioed of
Ehe curve, and the sppliczble sirbt distancs is measeed dcey
the estitbcling of the inside lone pround the eurve, The mis-
dle ardinates {1y for cliar sighe wres o sanisfy pquired soe-

ping skgks dimsmens (5] for curvas of different redE (8) can
e mxpwessed a5 follows:

Ma a[[l-c.."“—f’]] {5

This formuds, epplics anly w0 cimalar curves losger thas
the sizhs distince for the Initsl speed. For any iniiial speed.
ihe melativaship herween madius and middle ordinoe s a
sright lize. The mequired middle codinates to provide e
stopping sight disance sheas in Table 59 259 shawn i Toble
52 and Figure 73,

[ngih |m) per % af A]

Feats of Vertlcal Curvaln, K

;. b

| i

B =23 g 1

initial 3 paad, s

Figure 20, Comparieon of [P0 AASHTE and recovvmended £ vl fve s vermacal curver,
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TABLE 1 Diesign comtrols for =g vertieal enrves (AASHTO 1594)

g | | e | M

Spee Cordirion ol Feiguon Dheign Reuscdied for

feah) iy ¢ ) Carzpune Deigz
W 304 140 155255 EE-NEF ] A
" ] [ L] 34804 TA1-T BE
L] 50 ais N SR EH Ll=12
& 5540 011 1R Bg=1T.12 1538
™ 6379 a3l 1108 L3334 08 m.as
m TSR B 115.8-13%4 s | =13
] Tih ) E31.3-36507 M-8 3088
10 2000 19 LA 14T 00 3751
110 F1=150 aIr 1T858 8 EEL e HE 4343
13an 98120 [ ] 200 B IEE 404571 573

For comparizon purpesss, the middls onSmies w
provide the 1994 AASHTO mindmusn ssapping sight
distamcns are shown in Table 63, Mobe that the middls
ardinares based on the recommended spping sight dis-
imnoes are larper than those based on AASHTO mini-
mur isoppring sight dimunses: however, they ane smaller
thes chase based oo AASHTO deslmble sopping sight

Bafoty Cansiderations

Safery is of the usmost imporiance when designing read-
ways; thersfoce, any recommended goidelines sheold result

tw desigss that do nof creale hazards of onsalfe conditions.
‘This reseaech and ccher seodies shew that for modersie educ-
‘ioas in avail shle stopping sight dismmes, thens are oo notice-
bz safery problesny associated with crest curves om neval
high-gpesd highweys. This reseanch ibso showed thar deere
arg fio 1om problems assocised with cament sopping sight
dssiancag,

Specifically, this research shows fhal accident mies on
rural twe-lane ighways with Emied siopping sighs dissincs
crest vertical carves (curves with siopping sight disances
slightly below cament ariteria) ore similse 1o accident rates
om alfl ren-leme: highwys, Additionaily, crest vemleal eorver
with moderae rednotions in siopplag sight distances do pot
AppEIr B ciuss a safety problem for lasge rucks or aider

Rate of Yertboal Curvatum, H .
N kU

]
]

0 oo m 15

Iniai & paied], ienil

Figure 24,

Comparizan of [90 AASHTO andd recommendsd K valuer for sag verrleal surver,




TABLE 62 Reqoired middie ordinates for varinis inittal speeds and horizontal corve radil

Mnial | TOVMRE | ‘Raalien, R, Cerpimriia of luvids Lise (=

fpead | M| g,

(k=ap Py L] 30 150 [E] o 00 1s00 1500
Lh L 13 = = = - - - -
a0 FEL] &5 11 1% = - - - -
1] 43 T4 il iy 13 = - - .
] ALF LE ] - - FE ] 18 - - -
T g 18 - - = 48 37 - -
in 1283 a1 - = - iz ] it -
k] 1544 mns - - - e 1] 33 h
bl 1B 148 - - - - a3 4z 4
1ma LT 455 - - = i 114 L i3
120 24T 555 = = - - - Ttk LA ] |

* Szt radins whes e = 3,10

HRadius (R, Camberlina af elds Lana

] ] & 1 3 ] a2
Widdle Qrdinats (B}, Sentecing Inslde Lane o Sight Shatreetlen, m

Figree 22, Relafomaialp benoeer rediug and e of midly uedimmie Recussary oo angride
Happing sgir oiemnce o oroomn! Gires
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TAELE 3 Rewquired midile codinates for carioss design gee8s and horisonial eurve radii

{AASHTO 199 desirabde valnes)

Design -";;:l ¥ aa— Radior, B, Cometiiee of Iaside Lane [mi) i
Spaed | O | Rt

(lam) iy &) s 1 L5 ke 500 e | 15m
0 05 » - = = - - = =
E a4 44 | 25 = - - - -
ko] =8 s &1 4.5 13 - - - -

o 8.5 1s - - ET) 1.0 - - -

m 1i0.8 168 = - - 4l il - -
# 1384 He - - - 1.1 49 34 -
) ) s - - - - 7.1 56| 24
i) msa - & = - - - - 52 15
10 64 4zs - - - o= - | 78 | 51
12 - L] 55 - - - - - - LY

* Moz madius whes o = 0.0

drivert. Finally, mos sccidents wit limived sopping sight
dismnee a3 4 pestible contrituting factor ooctrred o8 veni-
col corves with stepping sight distaness af 120 m of jess and
imwolved arcther vebiche entering or exiting an imerbection
oF deiveway,

It showld be moted that the neviced model @ imesded for
e in desigming those eurves wheres sroppdnr 5lght disiance
controls. I speed or path comections ane nesded in addition
@ mopping sight distance. intersection or decision sight &is-
angs may control the design of corves in combization with
other roadacay e atires,

RECOMMENDATIONS . )

“ahe revased stopping sipht distonoe model and pisameier
visnes represens dr ver cigabilities and performance thai cm

[be validated with fiald data mod defended as regregescatlve
i safz driving behavior, il simélar e the existing AASHTO
mods] so-department of tansponabon persann sl Wil pal peed
o bears 8 new methodobogy. The revined meded doss recoms
mend mopping sight disteces and oes curve lengtiss dhas are
lomger them the curnemt mimimem design valies: bBowever i
ezl B poted thar these méctanmendations are besed om
iiriver capabilities and performance rether thas om 4 nesd for

Thiss. bt ls recomenesdzd that the revissd medel. associated
doczmenmtion. and sugpested chenges iothe Gredn Boak be
presamied o the AASHTD Task Force oo Geomenie Deslan
fer possitle inchusion In the next updare of the Greew Book.
It also i recommended that & research peogect b iaduaisd o
aiddress the differenees in AASHTO definitions: of design and
aperacing spesd becouse of thelr lmpomanee in peomesiric
design

&



