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Designers and engfin Qfaced with many Com@’QfS when designing highwigy

r
and streets. A esign balances cost, safety, ocial and environmen
! and the neegs o e variety of roadway u design is also context-s
N resultin t and highways that are in hafgfony with the natural and segi
, i rough which they pass
design criteria that have ished through years of gagaice ghd research

achieve this balance. Tqesglegiteria are
es or ranges of values §Qr vajous elements of the

ed as minimum dimensi
e-dimensional design f the highway. The criteria nded to deliver an
v cceptable, generally cos tive level of performance ({3

maintainability, and ability). The criteria are

experience increa owgedge in the field of high ,

, Q safety.

Designers to use accepted designﬁt oughout the project dev
process.&friviRg to meet design criteria i Nc because it is the primary medfis by
which a t high-quality roadway wilNgeproduced. A highway orgOatlgvay that

reflects fuljcompliance with accept iteria decreases the pr % hat safety or

perational problems will sing design values tha ithWftypical ranges

g pfovides a high degree o

trol and reduced risk.
ust be recognized, howe that to achieve the balance above, it is not always

A ossible to meet design c i ere is a wide variety of s Xciﬁc conditions and
\ constraints that designers &icounter. Roadways have a 1t@gle of contexts. Establishi@

design criteria th r every possible situation, witlya unique set of constraingf a
— objectives, is . On occasion, designerg eRcounfer situations in which th
appropriate tonWhay suggest that using g @ on value or dimension outside t
J normal rarge ctice is necessary. Arrivin@@t this conclusion requires thégde r to
- understagd Row design criteria affect safe Operations. For many situ xthere is
sufficidgt fIebility within the design criter§@ to achieve a balanced desi ill meet
ini alues. However, whe not'possible, that is when afflesign ®ception may be

y element or a segment
at do not meet mini es or ranges established f

<&

idered
Q~ hat is a Design&%(on? ? 2 \
\mhented decision to designg high %
i tha

A design exception is
highway to desigg ci
highway or p@

ffic oRerations, safety,
| and refined as research a
gingering, traffic operations

" g Department of Transportation
@ Federal Highway Administration

\
5 AC
) -\ (\Q~



¥ XY
Y Mitigati tegtes For Design Exceptio
W sign Exceptio d? A
Th&re road range of reasons ign exceptions may be c xere nd found to be
sary. Some of these include t wing:
\ Impacts to the natura onment
e Social or right-of- y s
< , e Preservation of c oMCultural resources Q~
L e Sensitivit unity values \
N e Constru N right-of-way costs
4
The regsolgor a%esign exception may nation of several factors. F@nple, ina
d tolac

moufitain rea, flattening the gra

gthening vertical curve @ ) e a vertical
alignigenithat meets design criteri hagffe both severe environmentgfimpécts and an
@ Ritant economic cost. \
desigRers should be
@ it the basis for the criteria ‘ ’

pnable to assume that a
ergely affect safety and traffi
sidered should therefoxgge
od before committing to the

Sensitivity to cofgt

though there may be v '\sons for design exceptio
reluctant to design outsid@g pted values. Understandj

is related to importa rfoRgnance as discussed abov
N given design excepti@n may also have the potential
O operations. A lg, re a design exception is belpg

thoroughly ana d the potential impacts\

exception.

d
Broadly, roads
: , (non-NHS). E <
. can improyg safgty dhd traffic operations on % ay <
The Na Highway System
is a network of approxi % 000 miles (256,000 km) ways that are
po t to the nation’s econo e, and mobility. The N es the Interstate
s . Other NHS routes are pi arterials serving majorgtrav@destinations,
ighways that provide an§ nt function for national defe highways that
provide connections to i odal transportation facilitiesgsuch as airports and
seaports. Additional 4nf ti®n and State maps of t re available on the Federa
Highway Adminjgtrati§g (FHWA) website: http:/ /s#w a.dot.gov/hep10/nhs/
By federal re a@ﬁWA is responsible for §stalflishghg standards on the NHS%
625). Thro ederal rule-making procesg, F as adopted several Anv

N \
: ?“ Q’%‘ P .,ﬁ::::,ss:?;.::.ﬁ.,.. C
A\ (\Q~

8¢ iflpacts to the safety and ig/of the highway. A
ere are Design EXSpRNons Required? \
\ Design decision makip@®agd approval authority varies ownership of the highw, Q
il role or classification with@n thefhation’s highway syste
pfidered as part of the Ng @,- a Wighway System (NHS) or otSr

itigation techniques and enting them where appgo

e
fe
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Chapter 1
g of State Highway and orfgtion Officials (AASHTO

i design criteria for the the following section ongSotgces’of Design
\qesign exceptions are require%n any project on the NHS \ign values are used that
% do not meet minimu ia. PFHWA is responsible fo i ecisions on NHS projec

i i
; al of design exceptions. T@ority exists regardless o
preject.
! FHWA has dev&lop&gfspecific guidance on w omgfitutes the need for a desi
and how dgs ceptions are to be studied, lc%nted, and approved. TRis
> NA requirements for desigmgxcep$ons. For additional infozmat
irements for design exce @ see the Federal Aid Policy G‘ide: , <
: w.fhwa.dot.gov/legsregf/ di ves/fapg/0625sup.ht A
HS Highways Aﬂ \
Non-NHS projects are d i& structed, operated, and m@d in accordance with
State laws, regulationg, dif®gtiWes, and safety, design, angdCOgstruttion standards. Therefofe,
there is no federal mett for design exceptions ays and streets that are no
part of the NHS, fegarddeSs of funding source. Ho , Steftes are encouraged to a e
4 situations an exceptions on non-NH esgh a similar fashion when
O values are o not meet their adoptedygritgria’ v
ighways and Streets (t

Sourc?o“f Highway Geo
O’s A Policy on Geometric Dlesign ) is the
r al source for design v a nges for highway and ro esign criteria and
otlper geometric elements. F on the Interstate syst O’s A Policy on
A esign Standards, Intersta towg should be consulted for @igsign values and ranges. These
two publications, throug%deral rule-making procegss blish the minimum desi
\ criteria to be used e S, including the Inters m

.% Other publicagdn ffer complementary gua ghese two resources Q%

, following:
. o Gu%fo eometric Design of Very me Local Roads (ADT < 4 \SHTO.
o e for Achieving Flexibility ijgmllighwiy Design, AASHTO. <
O lex1bility in Highway DesigipF 2 O A%

e J Designing Safer Roads (Pgchges fg? Resurfacing, Restoration, ilitation), Special
Q Report 214, Transpagtati earch Board. \
e 23 CFR 625, for a \ml guides and references
lish*their own design man @times these manuals sp iO
|

E Many States
more stringent than cri it&l'in the Green Book. FH

a
design criteri@ that
requires imum values cited mQ ook are met. If the chosen d&€ign value

\ \
. |
e g Er'i,”.“i’.?“éﬁlfé,ﬁ‘i&‘,fﬁi?;‘::ﬁ.,,.QQ ' Q ° QC

eption,
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sign Criteria
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Mitigati tegtes For Design Exceptio
shoulgn. minimum State criterj Stafe may choose to formall f
ap, , and’ document a design ex independent of FHWA

13 Controlling Critc%“

e Green Book covers a

@ ge of geometric elements @i dimensions. In the :
interest of focusing th¢atteN§igh of the design professi ost important or critical

Green Book, with thefun

egha technical review of the
standing that requiring

elements, FHWA
design elemm@xpractical. Thirteen c

criteria, have

w ane width

>
S

v

N

controlling criteria refle

&

identified by FHWA as
ance of any highway s

4. Bridge width

Horizontal alignnlent

. Stopping
10. Cgyesgslop
11

5.

6. Superelevati

7. Vertical alig%
8. Grade \
9 wdistance %

% clearance

.ba offset to obstruction
' Stytictural capacity

tates or other agencies may itional design elements to Sis Wst, but the 13

FH decision making and f e baSis for formal written

1so%ased on the type of projgct \
exgeption process, three types ofgoadway

Shoulder width %\

exception process can a

The FH i
underst sign exceptions and the desj

ew

Reconstructign

i

0% are defined below.

struction is defined as a
#0n process, designers shoulld Bg 4
criteria to be met. It s

ew construction becau
and minimize impacig,
construction projgets.

efigled as roadways tha

rma

@ not met for any of thQ it

i
minimum criteria in t
s18g exception evaluation foregy
1

N

riteria, cQAmOnly referred to as the 13co 9
suBstantial importance to themp&gational
special attention should b@o hem

1 teria on

hat are built on new alg
entifying corridors with suffigient width to enable
refore generally be easier to

%m nts can be chosen and
esult, there are usually fg

tare t
ally involves full-dept\av e

tten design exception @

ia, listed below.

4

marily along existing ali

ent:
replacement. Other wonv uld
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E Chapter 1
category of reconstructj uld/be adding lanes adjacenfio sting
, changing the fundam acter of the roadway (e.ggcoverting a two-lane
y to a multi-lane dividgd artrial) or reconfiguring intergeS§jons*ahd interchanges.
ccording to FHWA, design € ons are required for project ving an existing
\ alignment or corridor forwhichreconstruction is propos ign'exceptions may be mo
common on reconstryf projects because of additiong] site straints and, in some agas
Q years of develop d use changes.

The term 3R st surfacing, restoration, an abilitation projects. 3R pr A
L typically inuglvejpav€ment improvement worv f full-depth replacement x

N targete Mprovements. 3R projects geneRglly involve retention of the
4 dimepsio jgnment. States may reg#fCShgpproval of 3R-specific critegla for gn-freeway
ts oh the NHS, or they ma & ame minimum criteria use@ for lew

n. If 3R criteria are ap D

HWA, any of the 13 ¢ li riteria not
igf these values would req@ir ign exception for a 3R projeét on the NHS. \
of reconstruction and 3R #go highways are often modifie%orarﬂy during %
t

onstruction to provide s xr construction work and geglipmept. Because the adopte
criteria are based on a gons for vehicles traveling @ shed highways and there i
such a wide variefff ot sif@gspecific issues within cogétructiggfzones, formal design
> exceptions are pofrequited for the design of Q es,
O i %ubstantive Saf h\ Q
ce

al issue involved in a gé % 0 accept or <
tgrthe

PproYe a design exception. Unddfstandife the relationship of saf iteria, the
exXpectefl outcome of the design i§i nt. The concepts
ate fundamental to the topiegf desi

\A Nominal Safety ; %
The concept of \@ safety is a consideration of @r a roadway, design alt j
or design el ggfs minimum design crit ing to this concept, a highw
’ proposed iggponsidered to have nomin if its design features (s
width, ghoulderWidth, alignment, sight cpetc.) meet the minimum Nr ranges.
d The s f nominal safety is simply a parison of design elemengdi 10ns to the <
ado sign criteria.
example, the criterion foyIn lane width is 12 feet. ben alternative that
pr@poses 12-foot lane widt a nominally safe desig an alternative that
oposes 11-foot lane width§w not. \
Nominal safety is a " —a design feature or road either meets minimum
criteria or it does not. i ays built to satisfy at lg ge mthimum design criteria b
referred to as ’ afe.” By definition, a d 1 bption is the acceptance of
condition thaff doe meet nominal safety. %
1
E.Decmnﬂ?nsocin ?‘ ‘
e F erupl :li;h:vzy ;d:ﬁ;i:i;l?'uiiono Q 7 2
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ubstantive S

Substantive safety
roadway. ThlS

Crash severity (fatality, in

sh frequency (number of cra:
%ﬁh type (run-off-road, 1\ on, pedestrian, etc.) %

interchange.

pected safety perfogfnanc
and contexts. For exdgple,
two-lane road iQn~

dat4 <@
I'Ban

al

ases (safety performance fu

based on models and d
“Resources to Suppd
more informatio;

Comp m,&w minal
hat is

safety effects of incre

e ences in a given design @i i
roduce an incremental, lasolute, change in safety. Thgnoginaf safety
imited i it does RQL exdgnine or express the actual & safety

be’determined by its crash
time perlod a high level of confidence th

represe at1 e expected safety charg ics

measures of substantive s

Bbcdimension of safety is critic aking good

as the actual long term or®fpected safety performance
e measured over a 1ong €
the observed crash exper1e

that location or hlgh

de:

ile or location over a sp%ne period).

roperty damage).

ill vary based on inher

i ces among highway ty
he frequency and other tegistics of crashes differ for
al terrain versus a m 1t1 1 an arterial versus a fre

Understandi cation’s substantive safgty kmg judgments abou per it
meetsgexgpectations should involve for arison of its crash profilegvitlyagofegate
i , ri¥ra

ilities with similar charact 1st1c

” functional classificati
here are well-establish s for Characterrzmg a joN\ s substantive safety.
enerally includes appl% jstical models of crash ex ce ffom broader data

and Subst Safety
ant to understand is th ubstantive or long term sa rmance of a

s not always directly

n for aroadway to

he same time substantl

lern relative to expecta
or more design element

substantive safety. Ther any reasons for this— - ng them is the fact th
the criteria are bas, arty factors (safety being j s 3 nd are derived from
simplifying mo sumptions that are bro ppeed

r - H to its level of nominal sa not

be a afe (i.e., all design ele deSIgn criteria)
sgfe (1 e., it demonstrates or r hlgh crash
Siilarly, some roadways t mmally unsafe (one

et design criteria) can and d§function at a high level of

Q.

8 ?‘
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e If thisis new ¢
what should the lo
’ e Given th cifigssOf
O Varianc%of highway over whic

diff xpected substantive saf \e exception is implemented?

By definitign, locations with design exc&gfion®are nominally unsafe, j
g ﬂ% lements do not meet mini@1 ria. That does not mea
e

e .\

NN

I @qt of design exceptions sigh decision making, the c
rstahding both nominal an 1ve safety is critical. W
t ds and criteria to theirgfull S%¢ent, the presumption by t ex
sulting highway will perfor .

\ criteria the road is nomin 3
safe in the long term. ¢
context and type gffhi

Q When faced with 3cisié

should reflegf on§vhether the design exceptio

what ex Nla er words, if a design excepti

r

lythg design
is that the

afe (acceptable) mann words, by meeting

ally safe, and as such the desi exg@ects 1t to be substantively
Rual experience, the level of ferfor ce will vary based on
y as described above. !

following are basic questio rs should ask when cont img a design

the best i tion available that cha izes the long term substantivgsafetWygisk of that
ex (fréquency, type, and sevepi shes).
e
XCeptio

is the existing subgta

n:
v e If this is an existin

safety performance?

ion or reconstruction and g¢d ception is being studi

gi%\? a design exception is being ggdied, how good (or poor

i
erm safety performanc dway be?
i€ element, degree/magaitud®&of the

lied, traffic volume, etc.) wh

the design exception (g

ata

ith a nominally

ablé level of substantive safégy:
pstantive) safety effects eaggectied

9 y cannot function
0 understand the quanti =@
A safe design decision. \
\ Figure 1 is an illustrative C%parison of the concepts o% and substantive safety \@
t

respect to their crg#fi gk mbdels. Current underst he relationships amon
-~ roadway elem @ ¢, drivers, and other factor§sugg@sts that the true safety riglN
, better repre bWfhe red line 3ty ) ®Phat is, incremental Cha%

4

using the flexibil
e

design

e safety impacts of a dgfigygrexa

e preceding discussio
Safety or traffic opera
v Throughout the desi

ngftypical of design exceptio Ons) may result in incremge ot

design dinfgnt
order adnit ‘v )
kn e amd data that enable them to est@blish the substantive s

afet cofpgtemplated
judgments about what is ag€eptaBle and what is
itigation measures to a ss tlile potential

btion.

is Rot Wp€ant to imply that meeti esign criteria is unimportant. \
blems are less likely to devl;%esign criteria are met.
cess, designers should stgjmgto m8&et criteria and look first
nt in the adopted criteri4 @ ieve a balanced, safe, and :@)
sensitive design.In situations, design exggpti 111 be necessary and the
achieve a higlylevel) of substantive safety an. ifienp traffic operations. Atal
1 dinfgg t emple the

tain the basic underst

)

their goal in design is tv
- |
Q@ gE,:f’.“:.:“;.:::.:J:‘::.if:::’;:::.ﬁ.,,.QQ ' Q ? QC
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gents and implement m that will deliver as high a le logfe term

X

Nominal § fety i ,
7 4 Al 50lue

Mitigatig

is a Continuam

Substantiv~ Safa; < %’

DESIGN "IN “NSIONS
(Lane Width, Radius ~f C1” &, Stopping Sight Distance, etc.)

n of nominal and substantive coQMVety. A primary goal of design e@tigaﬂon is to increase v
A80T 2

tive safety. (Source: NCHRP ransportation Research Board,
Resources to ort Substantive Sa alysis and Q
Decision MaKi A
Resources are dyat and under developmeit tha§support good decision makifig by
helping dgs consider both nominal and tive safety, evaluate dgsig
alternafigeSN(including potential design gxcepti@ps), and quantify impact; ety and
traf 10ns. %
@teractive Highway Sa idh Model % A

he Interactive Highway Safety Wesi¥n Model (IHSDM) is a s ol developed by

FHWA that can assist d erswjith evaluating design altern%r two-lane rural \
to generate quantitativ, rmation on the safety and

highways. The software
metric design alternatives. nt version of IHSDM consfgts

operational effects
of five evaluation@ :
1. The% w Module checks desiﬁn esm

10 E of Transportation

for compliance with geqme
dest ia (in effect, it produce\ inal safety” analysis). For pr% \
|
2‘ e, & duy Administration QC



\ be expected ongfTighwa¥y based upon its geomejfic’deSign and traffic characteristj Q
This modul % identify potential improveinent projects on existing road
< , compare latiy€ safety performance o @‘; rnatives, and assess tl%
N
4

k>

Chapter 1
ing roadways, it can proag jhitial assessment of how ispihg geometric
sign compares to curre igy criteria. The module campe ®sed¥hroughout the
design process to

cheglqcontgliance with design criteri \

2. The Crash Prediction MoWffile estimates the frequency eWgrity of crashes that can

of design decisions.

cost-eff&gtl \
3. T gl Consistency Module helps dia safety concerns at horigontglguives by
pRgvidling estimates of the magnijjmgde of Rotential speed differenti ign

tency evaluations provid@

vz geometric design

treatments to @iti

5. The TraffigfAnal
existin

ble information for diagnoging pgtéhtial safety
gValuations also provid 1 urance

odule estimates traffic

i ~service measures for
igcted traffic. This module
eliminary engineering e

i ropPsed design under curre
i useful during project scoping
the op&ational performance of alterfgti two-lane cross sections, incgling

r&fpur-lane sections.

I8M)1 software may be downloa of charge through the IH: c software
@ e: http://www.ihsdm.or
% Highway Safety Man A

comprehensive manual forfthighway safety. The HSM e Mdsynthesis of validated

1 as practical information ghd toglto more quantitatively
e decision-making proggss§Thig/will include analytical
on saftety. For more informagjon @n t

A N chieving

or Row current design criteri Regh developed. The Gui
onghow traffic volume, traffg ition, speed, location, ot ign elements, and other
riables influence the level §f ri§€associated with deviati rONy design criteria. A bette
understanding of thes\ igues can improve decision malgfig:
S@ies Safety Guides Q
FHWA and /‘ASHi re leading a national effOrfgto Tefluce the nation’s fatality

vehicle miles traveled ( —from a current nationw
This will result in ap intgtely 9,000 fewer fatalities pe

NCHRP Report

per hun

1i
1.5 per .

Flexibility in Higway Design \z\
' on on the background, ass@w » and methods

ides information

to

intersection
potential safety concerns and§suggest possible
se concerns. Q < |

is a resource currently un Xvelopment to provide Q
s

" ig Department of Transportation 11
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of programs relafed

ed,*comprehensive manne

ies of safety guides to suppor

Medical Seryices.

Enforcement, and Em%
In terms sign exceptions, the guides useful resource for identif@

strategies and progr
2 approach is presen
N
4

evalyfitthg Mjtigation strategies. Afte
can rgfer tg) the appropriate Report

ides are available in pri
:/ /gulliver.trb.org/bo
%SHTO Strategic Highway
( )

tigati tegtes For Design Exceptio
gic Highway Safety Pl elgped to guide this nat

A
\rough the National Coop€tagive Highway Research Prog ( RP). The guides focus Q
each emphasis area j @ ety Plan by providing techflical discussions on potential
. . o !

r Rgllucing highway fataliti

afety emphasis areas. S

plementation of the Safe

ies.

rom the Transportation R
nd PDF versions are availabl

C http:// safetv.transpb
'

K

iona i
h ep site:
N

eing developed

A comprehensive

*mphasis area from the perspgc

iy iflg overrepresented cra

signers <
ugne for potential counterm igure 2). \

oard bookstore
t no cost from the

’V,po

-\
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< % The process to ey, gdocument a decision t g)m the adopted design cr§e

must be delibe angt thorough. Design excep dures vary to some ex
State to Statg, bug th&éctivities described in thif%elRap¥er are fundamental to a god &gsign
o Bre

’ - Develop and EV

Multiple Alte:

v Evaluate Risk
p Document, Review,
and Approve

~

0 he design exception process.
A . Determine the and Impacts of M g Design Criteri E

\ The design proceg#sifquld Begin with the presumpjfon thagthe selected geometric d Q
- elements will % eed the design criteria. Befigre cdnsidering a design exce
\) ¢

ig? What would the implicati Mo Iy

following ould be asked and eva

it take to fully meet desi jfe
sign criteria?

su nsider when making th Q uation include: Q
O w well does a design t 11 criteria fit in with it 0 ngs? A
What are the impactsto{a ral environment? \
Q~ e What are the soci Na —impacts to neighborhoods,ommunities, historic and
v cultural resoygce
What are uction and right-of—wa@@mpacts of fully meeté)
S

criterig?
1
E Department of Transportation
e' Felleral Highway Adminisliruiinno O 15 <
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y Mitigati tegtes For Design Exceptio
. at expected safety and opgmati@gal performance of the dea ts full
ifgfia? < ;L
ﬁc ts and impacts, such as ion and right-of-way, are
qudantify. Impacts to communities §f the natural environment
antify but are still very jfipagtant® These impacts should ast¥ge identified and an
nderstanding of their v% agnitude should be develoged. A& full understanding of
< , impacts can best be gbtajpedWhirough stakeholder inv, e at is early, ongoing, aQ

an integral part of theYrojg€t development process. FoNgwing the principles of contesg:
sensitive solutiegs isfmportant. See the followin

http:/ /ww
»

|Nively easy to

a.d®t.cov/csd/index.cfm and http¥/ / www.contextsensitiveso

irst step should be inves§ & what it takes to fully meefldesi
i1g a clear understandin

%ovelop and Evalu
v appears that meeting dest pferia may not be feasiblegt@ypartitular location, Q
m

ultiple alternatives s e dred, including the
iteria. As discussed in Ch

alternative that meetgftull 3g0d design involves ma
p tradeoffs and achiesgi¥ a belance between cost, safefy, iJfty, and impacts. Examinin§
O multiple altern@vides a way to understamag a luate these tradeoffs.
From the st it of risk management and \izing tort liability, evalugfige
alternatives onstrates the complex, di oNgry choices involved in hi g@
Ca 1 (presented in Chapter 5)@llustgat®s how one State considefedghul®p
mb ns of lane and should i an urban freeway recon§triigtigft project with
strgined cross-sectional wid ocess allowed the desi to compare the
valus combinations, exami ndeigh the tradeoffs, and c Na nsensus on the
ombination that would best in a high level of substgntiy®gafety and efficient traffic
\ movement while preseging re§purces important to the nity.
. Q. O
3. Evaluat

J

4

Agencies agg cojpfroMted with two fundamen eof risk when dealing wit
excepti n& st involves the risk of the sol\fion not performing as expete
0

second i s the risk concerning thg/®gncy’®ability to defend itself nsWgotential <
le 1on®as a result of its decisi States incur some risk of t@mts arising
om hes alleged to be associ 1y design or other probl a y the agency.
sighl exceptions in particula repfesent a potential future riSkgo € agency if not
@1 led properly. & \
When designing highwa \meas with difficult site cogsiraintsfydesigners should first
acknowledge that théy§ to meet design criteria €
operational prob . degree of risk of these

@ rease the risk of safety andf or
ghould be evaluated bef

moving forward@design exception. This ig Py

knowledge o0¥such as the IHSDM) that h@lp @g€igners understand ope nafand

a technical process inv
1
E ?‘ > U.5g08 @t pf Transportation
16 Q e E ey Adr':ﬂlci)n?si?'aiion 2
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Process

and the level of risk as gwhdlge.
hat are the Traffic \/Q umeé the Composition of T
&y
i atyye” The more traffic to whi€Tih tion is exposed, the grea
the risk of a cr d/@r measurable traffic oper oblems. A designer mx
0 1

reasonably accefit a @€sign exception for curv two-lane rural highwa
traffic, bu% jnclined to do so in a geomet

significa

icher volumes. The compgsigion oMtraffic is also a conside n.
there Wil b&a higher level of risk for, f @ d lane widths on a highwaly witljja high
rcen of large trucks than a b aRa
ed or anticipated speed (fpr
icularly in terms of su iV safety, the probability of se shes will increase as
peeds increase.
What is the Deg erity of the Design Exc tm@ C)
sed flesign exception deviate the design criteria is one me
obability of safety or o@ roblems developing m@¥incregse
in® onl

How much a

ere Multiple Desig

for curvatur
less than t
independerigly

=y
Q
=
N

The length of highway affe
1s another fundamental agea
factors, including th xm

t be. Designers should be a

pgfelevation will increase 4
m value. Other combina esign exceptions may f;
have no effect on eachg@iher®for example, vertical clea

nment. The nature of the de ments involved influegce ether there <
is arNy ction or cumulative effe t m&ght increase risk.
is the Length of the% eption? O A%
re

itins. The questions belowar
i combination because o\a
Speeds? Q
the safety risk of any @

most critical factors in nfeasu

or physically comparalgle

a

t carries predominan s r vehicles. A<
osed designs) is anothgg factQy that influences risk. \

X ample, the ability to provid eet of

i may be acceptable, but pregid y 250
nslate variable dimen; s@ eaningful <
o help make these jud .

ona or substantive safety @ Q_
s at the Same Loc%

other factor that influ S is the presence of two o e d€Sign exceptions at a

particular location intera@th each other. There is ges

presence of multiplesgeomé§ric problems represents joawt
one might expect§ e risk associated with a hon!zontz rve that does not meet:

1 stopping sight distancey

e of variance of the design eXfeption.

e design exception inﬂue%degree of risk. Length
exposure. The extent o infuence depends on ma%\

Design exception cur at just a point locatia % a very limited length—fo
example, a s ridge that does not meet bridge heCriteria. Another exam e
stopping si? dist@dnce at a curve. In thex esgdhe section of roadway a the

" SE Department of Transportation 17 |
@ Feleral Highway AdminisiraiionQ
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Y Mitigati tegtes For Design Exceptio
desiggfex is relatively limited a eglesigner may expect the tiggfal or
sa: i e somewhat limited.
ar

er'cases, a design exception nd for several miles. An xle would be an
ith constrained cross-sectionil width where narrower la shoulder widths

\e used over an extended#C8gent ©f the highway. Designgf5 Shold recognize that the Q
resence of a significa
< ’ increases the risk of i

xception over an extended{ength of highway greatly
Al or safety problems to osed to it. A
What is the Expe

% ration of the Design€gePgon? \
N Is the desig tion expected to be permapent? Q@r is there a reasonable e on that
g other pl ovements in the near ay remove or lessen the ngfh-sta d <

condj#i®n?
isAthe Location of the De§y eption Relative to other®gsk Factors? \
other important consideratif§g 1 er highway elements (not ne§gésarily design
ptions) that may have anWytetgction with the design elepmegt beifdg evaluated. A good Q
k :

example of this is a crest cal%urve where there are inté
beyond the crest. Thefsatety%sk of non-standard stop,

N Q location compare o@e where there are no int:s

What is the SuBglantive Safety at the Desi

ption Location?
Knowledge ast safety performanceat
Both thegcrashthistory and the types of

Xtion is essential for evafl o risk.
will be needed for this ev % bcause <
@ pes of primary interest woflild bgytifose with a possible relafOng#tip ¥ the design
C at does not meet criteri if#on, the designer needs fu dge of the
afectgd substantive safety perf f this location. Desig ld"not expect or
Qffise zero crashes. What n&d to understand is how w: TN) rly) a location
pears to perform compare%thers similar to it. %
\ There are tools, methgfs dgd ptiblished studies that e ef al evaluation of the
— substantive safety of tion or location. Designerseed fo incorporate the use of tht
i t

knowledge base@n jfeir ¥sk evaluations. A locatj Ing acceptable, long-teggm s

J performance r expectation, despite havin®lesign features that do not t nt

> criteria, i ate a lower level of risk. Co , designers should resist e ing a
design N) t a location that is fully in coMpliance with design criteria wn to <
be adi location.

are sh®§gild be taken in relying oafhigto crash data for locatio Qmifieam %
ang@s are expected. For exa 1gp#ficant changes in land us fic or nearby
eometric changes to inters%a interchanges may chant he location functions \
in the future. So, a high leWl o stantive safety based on crasifdata alone does not
necessarily mean that the element should be majpfaiged 1 its existing condition. C
safety performance o ting roadway may cha ;% jcularly if other conditions
change. For thesf situgtfyns, the models for predji eXpelted safety performan

c<3
particularly v, S@ A

: ? “» % . 1
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Chapter 2 — The Desi Process

@ate Mitigation

oNg#fernatives that incorporgig on&or more design elements tha $m€et criteria, the
signer will have an underst of the potential adversg i

o safety and

operations. Q
i i i @nding, measures should be\gvaluited that are targeted at @
; ts\WWlitigation measures m ud&®providing advance not%l
. . .

sig rating at a high level

Q‘?Document, Revi

doctmeRgation for later reference i entia$to limiting an agency’s Jiabilfy should a
it@ver design negligence be @ rashes and resultant legal @ctio y occur many
( yeli after the highway was cghstyutged. A

%

ght process and reasons
able information for desi

design excepyon dSgughentation provides pr

0
deliberative gh manner after fully eva e impacts and
most 5% ghers are afforded some I olNgi

iques for the 13 contr
itigation measures th imize the probability of

uptarMve safety and operationd

d Approve

referenc

j€toric
h&location is being reconstructe
e 1sions that were made in edxli

scretionary immunity f

decis& ardless of the level of immu - documentation and re

ndamentals for Effgcti

The person who pre
knowledgeable abou
concise explanaidi
charge of revfew a

f th€ design recommendatign®yo
pproval, who usually

pet in
cINess detailed knowledg e
project, ipfdrmation to understand t igfon and make an informed jA@gment on
whethe@d move forward. Leng\d umentation is not importan% is to

er geometric element to co

designed to lessen the se “x& an

hapter 4 provides informa 0
iterla. The goal, as discus

seff 1In ter 1, is to
: inglly unsafe
@e icieficy. A
’ v ®
v Effective documentati sfgn exceptions is import@several reasons. < ,
First, agency staffftypicallp complete many projectgfsinpul

Important degisg as design exceptions re§u
usually fro iple levels of management.:
n

irin® complete documentatio
ctive means of maintaining

prescribgg forfgats and technical \
control o 1sions and outcomes.
, dotumentation offers an enefit for future design

ously across a jurisdi
regifiew, oversight, and appro
ality

ergganding the

rojects can be
1s, particularly where desigfye ons were used. For this v
o be useful, an archive s 1¢needed that allows desig gxquickly and easily find
historical documentation f@f decisions made at their pr 9 . Q

the alte

tengio

&

hat will provide the

S’& Ign Exception Docu \
thé%esign exception document is formally very familiar with
oject and the design. T shduld be to prepare a clegf and

" SE Department of Transportation
@ Feleral Highway Administration
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Y Mitigati tegtes For Design Exceptio

nd completeness to so

n@thePaudience to consider is

thé%alesign team’s reasons for the

ocumentation should d
and their functional rgfatio
solutions, and a re egveighing of impacts and
! to deviate from the &do criteria. Critical to thi
»

idera

entation and
n ecord of the consideration a

recommenda
to mitigate t

i support of a recomme
the ultimat \
ication of strategies ang fegtyre

ngf familiar with the projec e désign

clearly understand
T construction.

igners. They should be a
1gn exception, even many a Q
<@ ate the designer’s clear unflerstagnding of the design criteri
hiPs, the unique context, tion of alternative

ment will vary based zt@atiom the

tion, including the length or b i d ending points, if
e appropriate.

Informatio 1

and Criteria

Design Element(s)

Describe and, if possib
Some costs, such as co

. Use tables, charts, and drawings as af§propriate to

Explanation

lly meeting design criteria.
easy to quantify. Social
t, are more difficult to quantify

illustrate and clari e

drawin

Mi\‘gation

crash data are avalil
similar facilities.

If any researgh or, r
identify th

Supporti’ g
Information

@opriate. %
re that does not meet critega is big maintained and current A
how it compares to

s part of the evaluation process,

bf Transportation
vay Administration



, e E Chapter 2 — The Desi Process
lling Criteria
important for the

y glesign elements not inclu list of 13 controlling c14
afe¥ and operation of a hig viding a clear zone, turngn®g, acceleration and

celeration length, and barriefgfthat meet current crash testgt s are a few examples.

Exceptions to non-con g criteria should be identifigdfJustified, and documented,

taking into conside effect of any deviation frofg desi§n criteria on safety. The

project files should ingl his information. The tion information should

organized to as§j iodic program analysis a ed in a way that it can {e ®agj
L retrieved inghe Mutur¥. v
> Review proval <
B f the different organizatig res at State Departme rag$portation
(@a d effective processes al€€ads in Place for review and app @ esign

ons, a standard national not appropriate. The key 130 have the design
ption document revie approved by an individual og si¥adl*group that is not
art of the design team i e design exception (for somefagencies, final approval
v rests with someone with evel of authority, suc QState Design Engineer). Thi
process allows thegl exception to be looked at 3 frg8h perspective and eval
objectively. The r@view §tep provides a level of ol and consistency. An
’ independent €% demonstrates a complet s, which can reduce togt liabilty.
O FHWA ew and approval authori % sign exception on the interstigfe system.
For desi tions on other NHS route 0

le of FHWA Divisions d be¥defined
by writterifagreement between the DiyiS ice and the State DOT., 0 <
Qnitor and Eval ervice Performan @

onitoring the perform of¥lesign exception locations *‘n ruction is the final ste ;
\ in the design exception pr@géss¥Because of limited finagci

uman resources, the

extent of in-servicegesggluatipn will and should vary Jewt Bonitoring the safety and
operational perfd @ p at design exception locati@ns hag several benefits. First, if
d do develop, % ges or modified mitig ques are warranted to i
\&¢£to

J performan , the lessons learned fro ice evaluation increase
knowledge @bo e safety and operatio fegs of design exceptions an jca
v meas@ges” knowledge will lead to be%sionmaking, both in tegms luating <
xeptions and in mitigatingglagi

gir potential adverse impacts.
@ eans that several years c@ta may be
(rawn as to whether a oblem is statistically

dest
are and random nature o
n d before any conclusi
o the design exception, In addition to reviewing crash
niques can be implemented information over much ?

ifnificant and whether it is§e
data, in-service evalu
shorter time periods i s can be developed from thisgnformation on how well
location will perf dditional or modified pfitigMion measures can be implenfented.
For example, an be monitored at a curvgthddogs not meet criteria for cusgature
stopping sig@n . A
1
iiD riment of Transportation
e Fel ereupchi;hwzyr;dsr':ﬂlci)n?si?'aiiono Q 21 2




Q Establishing and the
agency making eff&&i

Mitigati tegzs For Design Exceptio

Advagtte ologies (Figure 4) can ols for collecting this ty
d

se, technologies can also pr
acas lem than a written cr,

implementing othe' on measures.

EA4
@ t€chnology is making the collectiafg of4
Q?u mmary

\mg a formal design exa

esign decisions, maintai

Vi ¥
Central to a goo@ exception process are elopment and manage @
(storage, re@l,~ use) of documentation of Yesigfexceptions.

ch more information on wghat tributing to
a

réport, based on the limited i x available at

median. If the crash data

L

locations.
\se Study 3 (presented ig pter 7) illustrates how one Siffte’is gllecting and analyzing
n-service data for a degig % ncorporated trees in a rais
< ’ indicate poor subst afe#y, the agency has com@ oving the trees or

service data more effective and mor

process is essential to an
control, and managingsmi

L P

v

f e bt Transportation
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the Tagilfy’s capacity, on speed, or
overall traffic stream o
( :ma include expected or predj

&

Eyeegtionsyto non-controlling crite hdgld also be identified, justifj Q OCcu
% to consideration the effec@ eviation from design i Safety.
egt files should include thi §) on.
r

As discussed in Cifa Q‘IWA has identified 1 iggeria as having substantia
importance for fegnd efficient operation of . A formal design exc

required if ghese\gon¥olling criteria are not m: t HS: X
1. Desi X@

2, t Q < ’

"wSuperelevation

. Vertical alignment E
8. Grade
9. Stopping sightgdistalige

3 der width
Brifige width
. izontal alignment A

gbstruction
pacity

12. Lateral offg

13. Stru

affic Operation

including clar bn when formal design exc

ations or substantive s

aXsa\fety effects, effects wg
an equat ematical function. Accidelgt
expect in crash frequency (to\

ticular crash types) associat

escribed in two ways. Safe
equency for a conditiong

alues. SPFs are usually o@ :

cation factors (AMFs) dgscribg the

10. Cross slope < ’ :
11. Vertical gf€agan A ‘

Safety Effects \
This chapter proyieSadditional technical informat#®n’on%ge 13 controlling criteria,
ifs & tiong are required and the pogehti
pa a esigner should consider whe
evaluating'§e egles. \
Traffi& jonal effects may include th%ce of a change in a desj e
i

ang®s in speed or other opergti havio
critical vehicle types. Subs@,s fety effects

hautGes in the crash freque iy, or both,
asgociated with an incremexnt e in a design dimension. traffic operational
d substantive safety effect§ t ormation provided inhig cl¥qpter represents a
synthesis of research ical literature.

sion on
r for

" E Department of Transporfation
@ Federal Highway Administration
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Y Mitigati tegis For Design Exceptio
incr nge in a design dime . s may be shown in tabuli] f r in some
e 0

[wy

a ggmple function. They are s than 1.0

as a decimal, with an
meani e crash frequency wo er and an AMF greater #gafMyl.0 meaning the
&p frequency would increase. S§gfor €xample, an AMF of 0. reduction in

ected crash frequency - 0.95, or 5 percent.

raffic operational and @ safety effects associate @
sions will vary by faci and context. For examplepthe
la

with incremental d

& Designers should be
N
4

considerin
be expectgd

n exception in each case will medq a different operational outd

change in capacity igfed with a 1-foot chang width is different for a t %
rural highwa urban freeway versus sign;l%lersection approach. So
aNg e

uld also be mindful of e £ ental concept of expos 9 As @8cussed in <
exposure to traffic volunig, of highway, and durationgf’the design
gRtion are of primary importagce! ercent reduction in cap @xpected increase \
1Mygcrash frequency will in m w e negligible when converted ¥ an annualized value;
t in other contexts (say,a high-Welume urban freeway) a nt feduction in
performance may tran sighificant annual impacts

N Q The information pres@uted jn each section is intende oysde the reader with a basi
O awareness and ing of expected effects of dgsigfxceptions. At the end v
3

discussion of eal€ritetion, a list of resources i\ ided for further consultation.

De §¥e~d \2\

: llefines design speed as s: Q‘
Design speed is a selected s to determine the various features of the
roadway. The assume ] eed should be a logical one Npect to the topography,
\ Q!

anticipated operating spdl; the adjacent land use, and t

[ classification of the
highway. Q
-~ Design speed is differ m the other controlling @) that it is a design contro
J rather than a sp&ifi€ design element. In other w @ Qe selected design speed estgblishes
the range of deSig ues for many of the ot edgnetric elements of the hig x
4 (Figure 5 e of its effect on so much of ay’s design, the design sp a
Nm very important choice that a dgsigner makes. The selec sign’speed <
ich enough so that an appfopridge regulatory speed limit wifl be lgsS*than or
icydyvers are operating com 1 be close to
@ted speed limit.
ecognition of the wide rﬁ site-specific conditions, co ity and contexts that \
itet¥@ allow a great deal of design Rexibility by providing

designers face, the adop.
ranges of values for desi d (see Table 1) on pag r ntost cases, the ranges
provide adequate ity for designers to choose riate design speed withou
tion. A Guide for AchieginggleXWility in Highway Design Q
8

it. Desirably, the speed at

the need for a defign exc
(AASHTO) 1 ditional information on 0 #Pply this flexibility for sele
appropria%peeds for various road\ tWpes and contexts. v
1
i ?‘ > S0 g pf Transportation
24 Q e g ey ;d;i:i;i?'mion
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, e E Chapter 3 —The 13
on extended alignme € xceptions will be rare prignatilybecause, as
Table 1, the range for a design speeds is broa ited portion of an
ij ent must be designed speed, it may be more riafe to evaluate

ecific geometric element(s) afd tréat those as design excepfiop8¥instead of the design
control).

In the rare instanc design exception for dgsigiNgpegll appears necessary ove @

extended ali est to evaluate the expe «@ performance of the continu

2 alignment to re » \

n cofftrol,

sign affects
curvature

us), stopping

sight distance,

superelevation, and
other features of this
horizontal curve.

Criteria

X,

1
. Department of Transportation Y‘ >
e- Federal Highway Adminisirullano O 25
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Miti gatzbq

TABL

sign Speed
Rural
Roadway Terrain
US (mi/h) Metric (km/h Uy (mi/h) Metric (km/h)

Freeway

Arterial

Mountainous

0 (@ Level

Rolling

Mountainous

30 30-50
30-50
30-5

Local Level

Source: A Poliggon HTO

metric Design of Highways an Sw
Clarjfi auEn: Ramp Desig b%ﬁ& for Freeways Q (
I nges Q—
ibj# 10-56 in the Green Book p guide values” for sele:\Qamp design speeds v
ic

unction of the highway @esign$peed. According to the P amp design speeds
, Wiith other specific
semi-direct connections

ould not be less than the lowgfange presented in Exhibit 3-
middle or higher rag

S

guidance offered for pefigular $ypes of ramps (loops, difet
Some States have s@ esign policies requiring thequse
values for certaigfcages, 8 as system interchan

Designers are dgcaSigfially confronted with siggatioRg in which the appropriatega gn
speed pe iklt 10-56 may not be achievable ases are almost alwayg assggiated with
the ina 0 achieve minimum radiuggpr the\gontrolling curvature of or éntrance <
ram eeting the lower (50 pera % ge per Exhibit 10-56 requises a dgs
P per FHWA policy. Whep€ thd\deg#en issue involves curv > gn exception
@ be prepared for the no ard horizontal curve rather e use of a lower

Q' speed for the ramp. \
Evaluating Requ esign Speed Q E Cg\

Research confirmf that [&er speeds are safer andgowgr peed limits can decre t
crash freque d sgverity. However, speﬁ ot pe reduced simply by chan

E i |
? O% @ 4 eJ;i:;f:;::’;:::.m., 2
.




e E Chapter 3 —The 13 Criteria
st d limit. Geometric an s ional elements, in combingti
exppestablish a driving envir here drivers choose s t feel reasonable
%1 mfortable. F\
an use§o determine where operati eeds may exceed the desi
hways is the Design Consistfncy ule of the IHSDM (see
) bgth in terms of level of
v ategies can then be targeted tojthe
locations WQ iscrepancies are expecfgd. \
Researc %‘ that crash risk increases withffcreasing differentials in s le 2).
ni§gals can be between adjoi ighWay sections (change in, peigentile
sp e t® changes in roadway ggo or between speeds of vehidles injthe same
tfaffic gtf®am (such as trucks and gasgen ehicles). Exhibit 3-58 n Book A

s information on the cra§ e gf’trucks as a function of the ed differential of

ne tool that designers

\ speed on rural two-la
Q Chapter 1). This
N
4

magnitude and_}

s to the average runni d of all traffic.

TABLE 2
Relative Risk of Differential Sfig alged by Changes in Roadway GeorfE
< > Saf ty F.sk
'

@@n Speed Resour
o A

4

Policy on Design Standa tate System, AASHTO, v
\ e A Policy on Geometric %f Highways and Streets, 2004.

o o Flexibility in Highway Desi@ TO, 2004. Q
- o gting Speed, and Posted Sy, wfs, NCHRP Report 50Q
ensitive Solutions, NC(‘@ 480, <
N @m Low-Volume Local Roads (ART < 4)0), AASHTO, A%
Q Highway Safety Design an Opefitions Guide, AASHTO, % \
Lane Width \8 \2\
The adopted griteri scribe design values f uBAravel lanes, auxiliary 1 ra §
and turni dwglys. There are also recom! ed#vidths for special-purpos eS®uch
as cont@o-way left-turn lanes. \S O¥lso provides guidance fov ing lanes
1
E. Department of Transportation Y‘ 3
e Fi erl:ﬁc:'ligeh\twuy Ad;?:isfic;miono O 21 C
. 2
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ntal curves to provide racking requirements of cks. Lane
i oegnot include shoulders, ¢ on-street parking area summarizes
of lane widths for travew d ramps. \
\»
Ranges for Lane Width

<ural Y an
2 L <(fe () Metric (meters) UL reet) Metric (meters) \
4

It is FHWA policy th i n for lane width is Q
R applicable for all travgl langs, ps. With respect to the
O practice of wide 1 ough horizontal curves al design exception is

necessary for ca roviding additional la but the decision should be
documente rojgct records. Exhibit 7-3 in een Book describes minimuyy lane Yidths
for two-lane Rgfal highways for a range ofegdeg; e table

igs"sigow aW4-foot traveled way (1 tYanes) for most conditions. 3 pection of <
@m ee subnote [a]) shows that §1-fod} lanes are acceptable and % Olicy for
S ion projects in which i 2-foot dimension is operati a satisfactory ‘

. For such cases, the desi uld document this is t ut retention of the

ot width would not reqv ign exception.
® Safety Q < , @:
d
Speed is a prim sieration when evaluatingpolentfd! adverse impacts of lage wigth
J on safety. On Ri d, rural two-lane highway8€an increased risk of cross-ce ﬂ
> head-on s&certterline sideswipe crashes \; : vaynore
difficul Nm ithin the travel lane. On anf{high-speed roadway, the ry Safety <
itreductions in lane widthfardgrash types related to lane dgpart including
ryayOofgEroad crashes. The mitigatiq s es for lane width presented$n Chélpter 4 focus
@A ili asI s, A
In dTeduced-speed urban e% , the effects of reduced th are different. On \
such facilities, the risk of 18ge- rture crashes is less. The de%ective is often how to
best distribute limited crgs-Sectional width to maximizZgssafety t®r a wide variety of
roadway users. Nar e widths may be chose @ age or reduce speed and < ,
shorten crossing fista for pedestrians. Lane wit f be adjusted to incorp

other cross-sectiomnal el@ments, such as medians ceg® control, bike lanes, on-st
parking, tr. tops, and landscaping. Theadofted¥anges for lane width in b

ern because drivers may

?\ N\

5 bt [ransportation ‘

28 O e ll:,l5 e': Adrf'linisiruiinn C
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-5p nvironment normally i equate flexibility to achie
s sgetion without a design ex

esigners should understand relationships among lane x and other design
\ elements. On high-s roadWays with narrow lanes th, haWe narrow shoulders, th Q
risk of severe lane-d  crashes increases. Driversfon rugaMtwo-lane highways ma
% line as they become les orfgble next to a narrow sho .
< , At other times, Shift closer to the shoul nd are at greater risk of dgjvi
2 off the paved pdgti the roadway (and ovegpotcfytial edge drop-offs) as the &
oncomin iC. : r
> Hori ontg\nment is another factor gfdfgan irfluence the safety of la idtyreductions.
Cygyilgfear Rorizontal alignments i risk of lane departure cra‘% general, and <
en bined with narrow lang#vid¢hsN#he risk will further incrg @ or Ost high-speed A
s. In addition, trucks a arge vehicles can affect safgy and operations by
-fracking into adjacent la oulder. This affects th, of other drivers, as \
well as non-motorized u xe bicyclists who may be usingj¢he adjacent lane or
shoulder. It is important rstand this interaction ign 8lements when a desi
exception for lane yithWN Q

eiftg evaluated. KD
y & <&

p .

OO Substa V
Figure 6 ccident modification fac Na iations in lane width og rural §vo-lane
highwaySNote that there is little diff%w een 11- and 12-foot laQ <

& yg

Criteria

0 wo-Lane Highways.

ourCe: Prediction of the Expected e ance of Rural Two-Lane High
\A 1.70+ This factor arplles %Ia run-off-road, \
multiple-vehicle same ction sideswipe accidents,
and multij ehicle opflsite-direction accidents
1.60 1 II,
@ o 9-ft lanes

K«

: L 1
z ’ Average Daily Traffic V&A y) %
" E Department of Transportation 29 |
@ Federal Highway Adminisirmiono
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For il rban arterials and mu e
ivgsafety for variations in la is much less—on the few
ergent®ge points when Compariv idths of 10 to 12 feet. ®
@‘raffic OperationQ @O
Lane width has an eff€ctgon Wdlific operations and high @ capacity, particularly for high-
speed roadways. TheSQtepfiction of lane width with othgr gedmetric elements, primafy
L shoulder widthaglsofaffeCts operations.
N
' \

arterials, the expected differ in

When deter xhighway capacity, adjusjmgnts aZ made to reflect the eff, e

width o - speeds. Lane widths o 1@ pan 12 feet (3.6 meters) red\@e speeds

on h@ roadways, as summari in Walles 4 and 5. Q
4

\/

Redur..on 1 Free-Flow Speed (mi/h)

\/

RpEraliofal Effects of Freeway Lane Wid

Lane width (ft)

-
\

_~ne width (m)

3.6

0.0

\/

3.5

%

N

v
3.4 2.
N
3.3 3.1
3.2 5.6

Reduction in Free-Flow Sp~ .. ‘km/h, (

s

“ed’ ction in Free-Flow Speed (r ™)

Shoulder Width (ft)

9<10

210<11

211<12

"‘ u.s, @ f Transportation
< @ Egderal Wighvay Administration
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Criteria

Reduction in Free-Flow Spe’.a ‘km/h)

\ Shoulder * vidth (n.
Q 0 >0.6<1.2 .
»

ighway Capacity Manual
ummary

Table 6 summarizes t tential adverse impacts to sa
exception for lane@.

Ru, 2l Urban
Two-L ine Arterial

Cross-median crashes

Cross-centerline cra

Sideswipe (same directigh) crashes

X

h-speed, multi-lane divided hj

with¥interchange access only (rurgfor ur .
y: high-speed, multi-lane di al with interchange and at-grade @ccessWrural or urban).
i i mely (arterial, collector, or local
i’lh (70 km/h) or less.

Lane Width RegdyTes Q \2\

o A Policy ona¢s®u Standards Interstate System, , 2005. Q

o A Policy ofp Geomge®ic Design of Highways aul SifeetsWAASHTO, 2004.

£

e  Guid ning, Design, and Operati estrian Facilities, AASHTO, 4.

1
. Depariment of Transportation Y‘ ‘
e Federal Highway Adminisirmiono 31
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. % educing Collisions on urves, NCHRP Report 50 e7,
S
de

rtation Research Board, :
for Reducing Collision Mg Pedestrians, NCHRP Re MO, olume 10,

[ ]
Qansportation Research Boar .
%\ A Guide for Reducing Coltf8igns Ivolving Heavy Trucks, NC port 500, Volume 13,
Transportation Res @ rd, 2004.
o A Guide for Addr n Collisions, NCHRP T ” Volume 4, TransportaQ@
( , Research Boar .
L e A Guide for %ﬁin Run-Off-Road Collisions, Report 500, Volume 6, \

\ Transpogtdtjon earch Board, 2003.
y

e Roadside 1% Guide, AASHTO, 2002.
o Gy s for’ Geometric Design of Ver, ume Local Roads (ADT < :O AABHTO, A

Capacity Manual, Trans i esearch Board, 2000.
de for the Development of Bieycl&NFacilities, AASHTO, 1999.

e N Highway Safety Design an ations Guide, AASHTO, 1997. %
v Use of Shoulders and Nggro to Increase Freeway Ca@C RP Report 369, Q
Transportation Re cl{Board, 1995.
Q e Roadway Widths fc@ raffic Volume Roads, NC pott 362, Transportation Q~
’ Research Bo
O e LEffective Uﬁ% Street Width on Urban ig/3 NCHRP Report 330, Transp%
Researc Ty1990.
e FHWA R%ﬁ! Hardware Web site <
h saf@ty.thwa.dot.gov/roadwgsmd road_hardware/index.
Qr Width A Q‘
S ders provide a numbergaf impgrtant functions. Safety a Xm’e traffic operations ;
Aan be adversely affected if a e following functions @ mised:
® e Shoulders provifo emergency storage of disabledyehicles (Figure 7). <] :
. Particularly o 1 ed, high-volume highwaysW$uich @ urban freeways, the abgli
eh¥le off the travel lanes r th&Tisk of rear-end crashe%a

move a disalffe
prevent a 1§ opff being closed, which can ca¥€e severe congestion and safx

> probl hese facilities. <
J Xprovide space for enforcg t aclvities (Figure 7). This ig#partieglarly
t for the outside (right @ because law enforcement ersofinel prefer to
< E ct enforcement activitiegfin fCation. Shoulder widt imately 8 feet A

opgthis function.

ogjgreater are normally requ
Q Shoulders provide spage aintenance activities (Figure utine maintenance \
v work can be conduc aXhout closing a travel lane _Roth safety and operations will b

improved. Shou s of approximately 8 feg cater are normally requiredffor
this function. ofghern regions, shoulders algf pra

space for storing snow,
has been cleaged fr®m the travel lanes. A
1
E S0 bf Transportation
< 2 e E e@ ! y Adtf'!i:i;iruiinn

Y 4
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rs provide an area for aneuver to avoid crashe 7). This is
aghicularly important on hig high-volume highway ations where there
A imited stopping sight c&y Shoulder widths of app Nely 8 feet or greater
are normally required for tRg€ fuhction. Q

\ e Shoulders impro e accommodation (Figure ). F st highways, cyclists
legally alloweg#to the travel lanes. A paye ially paved shoulder off&§s
cyclists an ivg to ride with some separ gin vehicular traffic. This 4ype

2 shoulder caf§a duce risky passing ma g, by drivers. \
N e Sho %2 ase safety by providing a stalfle, clear recovery area for d o have
' =

left t I lane. If a driver inad yé

Ing¥g avoid a
or dn object in the lane ah 2 , stable shoulder greatly in§ease$ the chance <
of recovery. However, a ittNgavement edge drop-off be & significant
ty risk. Edge drop-offs (Ki occur where gravel or eart \

—

aterial is adjacent to

he paved lane or shoul%s aterial can settle or erod bavement edge,
v creating a drop-off t t&n e it difficult for a driver to saf€ly recover after driving

off the paved portjon

oadway. The drop-off g&n@gntribute to a loss of control
the driver tries the vehicle back onto the % especially if the driver
Q not reduce spfed befofe attempting to recover
p
e Should rove stopping sight distange at Roriaéntal curves by providin t to
objects sudf as barrier and bridge pier & 0).
a

e Onhi ays with curb and enclo e systems, shoulders sif d carry water <
ing®torms, preventing watgefro reading onto the travel Lghes®
. igh-speed roadways, rgflmprove capacity by ﬁ ver comfort. Q '
. e E

FIGURE 7
Shoulders on . .
\ this urban e : i
freeway provide - uul
- enough width for — S O S LG e 5
crash = : : > W
’ avoidan ‘ : , ey,
storage §f g’ j & - Ry -
> e i #=Y L ¥ T
icleS™ | L. ' <
materigee ' : _»
itds,and | .

(] ' | R
; 1
@ FE' P e i 2 Q 33
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Partially-paved
shoulders on this

: Mitigati tegtes For Design Exceptio &
A RE 8

rural arterial

improve bicycle Q
accommodation

and reduce ris

passing

maneuve\

FIGURE 9 I :

Pavement
w




Criteria

GURE 10
Comparison of how

shoulder width affects

stopping sight

distance past

concrete bridge

along horizon

curves.

D

TABLE 7
Ranges for Minffgu

Typ. of ."oadway Rural Urban
US (feet) Metric meters) US (feet) M tric (. 3ters) %
g A
=\

ulder Width

amps (1-lane)

Arterial

Collector

Local 2-8 0.6-2.4 —
Source: A Bl metric Design of Highways al etsfAASHTO
1
g, Department of Transportation
e Federal Highway Adminisirmionoi O 35 E
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NN

Mitigati
ficati Usable and Paved

otlder width is the actual widtl

slopes steeper than 1:

megfion only.

r to both usable and pave
able for the driver to make

&)Op. his is measured from the ed§e of traveled way to the poi
%s ulder slope and mild or example, 1:4 or flatter) of to b

ﬁs. A usable
e

intersection of the

Clarificatgh: inimumShouIderW' Interstate Highways

ered. On a four-lane s

exceeds 250 DD 1d

Regardless ifferences in language use
considered,” of the shoulder widths de

Interstate Systgm by virtue of their adoptio
for dition described. Therefo@

ion, the incorporation o -Oecupancy vehicle (HOV)

Csigh eX¥eptions relates to the r %or
Jopted criteria for Interstates sp&ify that the paved
f the right shoulder sh less than 10 feet (3.0 meters truck traffic
W eds 250 DDHYV (the desi Nf olume for one direction), a paved shoulder width of
S ! O

e paved width of the left
more lanes, a 10-foot

d. Where truck traffic

be considered.
h pted criteria (“shall,” ”shm%
18gd above have become st ds f@r the
WA, and they are the values
t designed for the Integgfat that

) ovide the applicable sh, wiflths would require a forfjaNdesigh exception.

oW common

Q]r ice on many urban free er-cost design solutionsNgaWg in many cases resulted
the conversion of an existingffull-width (12-foot) shoulddgt: signated HOV lane.
e

and replacement or

\ Where conversion of g8RquldePto HOV use is being ¢
- construction of a n »@ der is not proposed, a design exc@ption is required (potentj
’ for both should igltI'Ngf1d lateral offset to obstr, n): A

4

fects of incremental
pan arterials.

j s. Note that the substantivg sa
ultilgn@ arterials and on lower u

4

Subst@Safety \&\
Figuge uStrates how variations inghotider width can affect safety g rur o-lane
% Shg wigdths are less on A

rgency or parking
ning of rounding to @
Usable shoulders hgg?e to be paved. The adopt%a note that rural arteri A
shoulders should beypa®¥d. FHWA policy does n a design exception for er
type, but ra & usable shoulder width di

QO

36
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ccideént Modification Factors for Shoul ' Rural Two-Lane Highways.
\ urce: Prediction of the Expected Saf erformance of Rural Two-Lane Hi , ) Q
% g o ples to single-vehicle run-off-road, < ’ @
ENE eisame direction sideswipe accidents,
P icle opposite-direction accide
Q i ¢~ 1.50 O-ﬂ@
: Q’a-ﬂ shoulders A

= .
QC)‘E ' | N N
S 120 T S ?\ %
8 1.15__4-ft should
£ 7 4 N
Q I, S V
= 1.0
4 =
> 1R
8
<

N _— 1.00 69 rs

Z
Q = -ft shoulder Q<
NS
@ 0.80 | % : I
A 500 1,000 1,500 2,08 2,500 v
\ %\ferage Daily Traffic Vo day) Q
"\2\ Traffic O QS C) A@
f

J Shoulder tiNgéls a measurable effect o ;aperations and highway ty,
v parti r high-speed roadways. Th ction of shoulder widtly witihgtNer <
elements, primarily lane yadth, al§o affects operations.
djustments are made to refle@ the gffect of shoulder
on free-flow speeds. 1 marizes these effects al tWo-lane highways A

Table 8 summarizes eff&t eeways.

SRS O
c &

-
E.D(CJ
[+7]

o

/

-

Q~ \A \
; 1
o g’Er:"."ﬁ?;?lf.i,f’i&ifﬁﬁ?l.‘:lm % v Q 37
) o \ (\2




<&
tegis For Design Exceptio

Mitigatzbo
TABRE 8 » 2
jonal Effects of Freeway Shoulder Wid
Reduction in Free-Flov Speen (. ti/h)

Right-Shoulder Lanes in O .e, Vine “*i~ 4
Lateral Clearance

Reduction in Fre -Flr.v Sp.ed (km/h)

Right-Shoulder Lanes in dne ~.cection
Lateral Clearance |,

(m)

. 3.9 2.6 3 0.8
\ 03 8 32 16 1.1 Q
0.0 Qﬂ &9 1.9 1.3
Source: Highway, @ ual

S R

N
X A@Q &
O @ NG witinisetion ‘\Q~
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ary

ble 9 summarizes the poten
exception for shoulder yidth.

TABLEY9

Shoulder Width: Potergial Aéver,

Safely > G erational Issues

\ PeLaASmES
RurcrogN

My
X,

mpacts to Safety and Operatia ..’

erse impacts to safety

Fre Wy i Expressway

O
S

N

ions of a design

Rural

Twe ar ‘

X

§SS-medlian crashes

s- ghterline crashes

X

x

U

A

4
‘ 2ment edge dropoffs

Rear-end crashes if operations
(abrupt speed reduction)

ulder Width Resqdr

A Policy on Design Standigds state System, AASHTQgp00
A Policy on Geometig & of Highways and Streets, AA 004.
] exibility in Highway Design,
ead-On Collisions, NC

A Guide for Achie

[ ]
>
Q
S
R
=2
~
>

Research 03.
o A Guide ssing Run-Off-Road
Tra esearch Board,

Colligi
20034

" . Department of Transportation
@ Federal Highway Administration

)

S

ASHYO, 2004.
ort 500, Volume 4, Transp

P Report 500, Volum:

Urban
Arterial

Assumed
cross section
with curb and
gutter (no

shoulders)
b
C)

\
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° adsi sign Guide, AASHTO,

o eljgtes for Geometric Design of % Volume Local Roads (A@, AASHTO,
0
[ ]

Use of Shoulders

ighway Capacity Manual, Tran?ortation Research Board, 2@Q0,
Guide for the Developmegt®RBicy¥e Facilities, AASHTO, 199"
Highway Safety Desi % erations Guide, AASHTO, 1Q97.
‘ ’ L4 rr0

anes to Increase Freew acttf; NCHRP Report 369,
Transportation Re$€arghf Board, 1995.
L o Roadway Waiths f@r Lw-Traffic Volume Roads, eport 362, Transportatio \
N Researc % 94.
4 e Hardware Web site
fety.fhwa.dot.gov/ road@@adhardware/ index.h Q

idth \A‘
dge width is the total width%f a es and shoulders on the bridg€, measured between

the roadway (Figure 12).
minimum acceptable fane

p Q by area, functiona dgBign speed, and traffic v
O when a bridge i @

c

dposed to be constructed witlynarfow

Potential pr pssociated with narrow b
represent a ontinuity that may affect degv

=)

tegitne or into adjacent lanes 3). The bridge infrastr

\ edge of traveled way,
-~ A second set of cgfic
n

width oyt idge may make it impos

ahead. ition, options are limit

ble to gyoid a crash or object o
€ @ pn-motorized users such asfbicyclis®, forcing
o the traveled lanes or clgée tothegbridge rail.
@\' bridges on horizontal cr have limited horizontal s
t the bridge rail (Figur erations can be degraded, i
high-speed roadways, b %g peed reductions as drivers erfer the narrowed cross
i

v section as well as a dgcre

DAgr other vertical elementsgi¥ag project the farthest onto
dge width that meets adopté @ ia maintains the
houlder width for the igulgliesign condition as defj

esign exception is requi
anes, shoulders, or bot

Xre wofold. Relatively shq bridgs

vior. The narrowed crqg

makeg®ge drivers uncomfortable an séhem to dramatically redu
@ ear-end crashes and degra@ing dperations on high-speed,
gt rail may be close eno avel lanes to cause drive

Oon can

Qd of pavement and thus ef§s a roadside hazard. Eve L\properly designed and
elineated, there is an increas@risk of a roadside collision4yi ridge end closer to the

y
Q.
[©]
]

S

O &0’
&

: @ bf Transportation
Egdleral Wigh#ay Administration

e vident for longer brid Qeater than 500 feet in len @

J The safety a tignal concerns at narrow b similar to those on roa it

narrow should&s. §€re may be inadequate sggce M storage of disabled vehi

> enforce ities, emergency response, %tenance work. The lagk o
T






%V Ryl \QV

: Mitigati tegtes For Design Exceptio &
S A

10 summarizes the potentia e impacts to safety and op Xs of a design
\Ception for bridge width,
Q TABLE 10 O
L Freewa ' Expressway R

Bridge Width: Potential Ag¥g
\ [ Two-Lar ~ Arterial
y

Q)

Shying away fi e Byidge rail
Inadequate spac® for bicyclists X <
pace for emergency pullover (lon X
ate space to avoid crashes or O X X X X
theé el lanes
ck of storage space for disabled v X X
bridges)

— Freeway: high-speed, ivided highway with interchane@snly (rural or urban).
Expressway: high- U e divided arterial with integghafige t-grade access (rural or urban)
Rural 2-Lane: hi divided rural highway (arterial ﬁ : or local).
Urban Arterial: uri Is with speeds 45 mi/h (70 km/h) O§less.

D

igler the two types of condif§ cribed above. For short bridges, the safety risk can
@modeled by use of the Reagsi tety Analysis Program (s V@ ASHTO Roadside %\
Design Guide). Based o k mes and the widths in quest®on, a designer can estimate
v the relative increased,risk¢@f tRe bridge end closer to t led*way.

SuRs e Safety

@r ing the potential subst@ of narrow bridges, th
o
e

For longer bridgef, the dgsigner can reference infg i the shoulder width se ,
such as Figure 1T§to gdin an understanding of t eggental increase in safety ri
narrower dj iofttor the combination of Jane oulder width.

\
o)
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f idth Resourch? A
£

A Policy on Design Standar e System, AASHTO, 20
\ A Policy on Geometric Desig 1ghways and Streets, AA 4
% A Guide for Addressj ad-®n Collisions, NCHRP R@
N
4

Volume 4, Transportatj Q
Research Board

Roadside Desi j ASHTO, 2002.
e Guidelines ic Design of Very Low-Volu ocdl Roads (ADT < 400), A

2001.

e Hig Me Design and Operations Guide, %SHTO, 1997.
o F oMiside Hardware Web site
ttMg/ / sdfety.thwa.dot.gov/ro Qn /road_hardware/ind A
zontal AIignmenQ ? N
n terms of the 13 contro Nterla, the term horizontal glienmdgt refers only to the
t
e

horizontal curvature way (Figure 14). The ad®ptedhdesign criteria specify a

minimum radius lected design speed, whigh'i ated from the maximu
, Q of superelevation§(set By policy from a range of Qf%ig#fs) grid the side friction facton%
(established rough research). Superelé 1s considered a separatggriteijon
and is discu%w. Horizontal alignm fences another primary contro
criterio g sight distance. e\
Cuygye design policy published by O is’based on a series of as @ 2
pr and operations. Drivers gfe assgifted to track the curve ing pagse

ger car at design
he combination of su , side friction, and radiu§ af@e lished to
prgvide for an acceptable le ort for the majority of dwiye e design model
A pplies to the full range i ay types and conditions. \
\ The radii of curves are onel§ariable that affects the risk eparture crashes on hi
speed roadways. @th&confributing factors may ingtude tifg amount of superelevatigfl, the
@ nd e
i0
ach

<

of driver <

— surface frictio ement, and the horizo rtical alignments precedj
curve. Inad styferelevation or paveme an contribute to Vehiclﬁ]
J as they ma rghirough a curve. The alignn¥ht preceding a curve influendgs a
> speeds®he ®xpécted crash frequency inc the speed differential fro prroach
tan o ti®curve increases. This may oc@ur if the curve is preceded bfggfortg segment of <

r@adway (versus a continyé curvilinear alignment that ghcourdges lower

if the approach is on agig % t downgrade, or if the c is ngt visible to the
on the approach. @ A
t ramps and loops, a lack ofjde@leration length can cont rivers running off the \
first curve after exitinx y.

Horizontal curv
Because of thei
curves. Reseatch c

than tth~ ed of the curve. As discusge e lane width section, <§-tra ing of
g |
. Dey ment of Trans ation
Q F eriﬂcaigeh;uy Ad;?:i;Iruiionoi Q 43 Q

nt special safety probl trucks and other large vehifles
r center of mass, large vehitle ore susceptible to ove
irms that such overturyi n ofcur at speeds only slig r

%
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largegfehi nto the adjacent lane g at horizontal curves can affe safety of
driv@ggfangrbicyclists and degrade o

es is significantly influenc Xpeed, which is
hy curves in reduced-speed urbafjenvironments generally preSefit feWer safety and
operational concerns for § jizontal alignment criterion.< , @
FIGURE 14 A
2 Horizontal a&
N
| O

s influence speed behagjor. 'Qurvilinear roads will haveJo
egatively affect highway ca owever, for some hi s and contexts, lower
\ peeds can be beneficial — for e§ample, reduced-speed u irdnments where lower
speeds increase safe Redestrians. On rural two-lafie highWays, curves will limit
jang! thereby influence capagify:
. ) A curve that iE ingMy unsafe (has a radius les e minimum for the sel& ign
it

speed) mawgr rjay Mot present an unusual o | or safety risk. Such ris ds on
the site go g this risk for two-lane ru aysis <
e 8f the Design Consistency®8gule 8f FHWA’s IHSDM (see pt&g1). The
tency module predict ercentﬂe speed along an a%\t asa
f grade, horizontal ali@ padway width, and dire el. A
ners can estimate speeds pgo d on the approach to a rve to determine the \
extent of concern over its wge ceptability. A designer can e both the 85th
percentile speed throug xrve, as well as the changgsi spee§ls produced by the
alignment of both ap . Marginal speed reduc Ad/ or differences between ‘ ,
d (say, less than 10 mi/ bg/considered acceptable.Q

. @ bf Transportation ‘
Egtleral Righ#ay Administration 2

10m8. One approach to characteri
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> e E @
%Qtive Safety Q~
Qﬁle bstantive safety perfor a roadway is influenced xPresence and design
aracteristics of horizontal cu

ture, including both the 1 rve and radius. Other
factors contributing to g@gtantiVe safety of curves incl heSgross section and the
character of the roa @ pugh the curve. The followilag AMF can be used to predic
< ' variations in horj#onjal Aignment will affect the e@e~ ty performance of rural t¥o-

AMF = (155L + 0.0125) \
N \ 5L
4
; Q O \
tiYof horizontal curve (mi) @ Q A
X ?\

n Criteria

lane highways:

s of curvature (ft)
= 1 if spiral transition curve isygres

= 0 if spiral transition cur e& sent ®
The difference in sub afety between two desig be estimated by comparingfthe

result of exercisin S ction for the two cases an# cong
given location thejcurv@s central angle will be fi

ence a milder curve tha

p
alternative r. Note that the effect on tgtalNggfety risk will vary with gegffi

O volume as gners may accept a desg tion for curvature on a roa ith a
design eWf 750 vehicles per day (v 5&reaeh a different conclusjgn for dgoad with

a design wglume of 8,000 vpd.

{
O ng

le 11 summarizes the po verse impacts to safety rations of a design
A ception for horizontal i t.

TABLE 11
Horizontal Alignment: §
d
Rural Urk an

Freewa ' xpresswa y
y y Two-Lane ~rte al

ehicles off-tracking into
cent lane or shoulder

X
-lane divided highway with i ccess only (rural or urban).
, multi-lane divided arterial ge and at-grade access (rural an)®
eed, undivided rural highway (art@rial; ector, or local).

(f¥an arterials with speeds 45 g /h) or less. \

1

. Depariment of Transportation
Q .

Federal Highway Administration 2
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Hogzen¥ef Alignment Res@
Qf; ost Treatments for Ho u
\ mmunicating Changes i
L]
°

rve Safety, FHWA,

n Hori?tal’ Alignment, NCHRP Re

R

20 \
T ransportation

Research Board, 2006. Q
A Policy on Design S, % nterstate System, AASHTO RO005.
A Policy on Geomgfricpesti of Highways and Street, , 2004. A

e A Guide

Q A Guide for Redfgi
L Transporta sedrch Board, 2004.
\ du
2

g Coll

anspwrtation Research Board,

e for Addressing Head-On
%arch Board, 2003.
o Guide for Addressing R
v Transportation Reseaggh
e Roadside Design Gug
, Q o Guidelines for Geo/@
O 2001.

e T[HWA Roa war:

http:// fRyva.dot.gov/roadway

Su Iegtlon
pe tion is the rotatio
e gpuperelevation is intend
a ration produced by traglg e curve. Superelevation i
epresenting the ratio of the nt slope to width, rangj
e of

ist the driver by counter
x as a decimal,
to 0.12 foot/ feet. The
\ adopted criteria allow fag th
Maximum superele 1@ P

d
J Selection of a iggtm$iperelevation rate is ba ,a
>

1sions on Horizontal Curves,

Report 500, Volume 7\

isions Involving Heavy cks, NCHRP Report 500, V (.}

Trangpor, XResearCh Board, 2004.
o Regi Truck Characteristics as Fac s dway Design, NCHRP Repo#§ 505

»2003.
SHTO, 2002.

e Web site

e maximum superele

tes for design are establishgd by

esign of Very Low-Volumg %gcglRoafls (ADT < 400), AASHT!

w ardware/index.htm : E
nof t e@.t on the approach to anat a horizontal
ess

of, NCHRP Report 500, VolurR€ 4, Transportation
-bqszo Collisions, NCHRP Report 508 Volume 6, Q\

e lateral

s
terrain, highw Jon (urban vs. rural), and fre§fiency of very slow-moving véhic
For exam hern States that experience 1 Show conditions may establighNgwer

maxim or erelevation than States that

reonditions are poor.

low im®m superelevation rates 6% palicy 1s intended to address tife per.
created by vehicles slidin r tely when traveling at v w gpeeds when
eat
T riyfe superelevation rate \
speeds.

dopted criteria provi

compl¥€ tables expressing the a
consistent with the establiK icy for all curves and all de

S

not experience these con

si

" u.s, @ b Transportation
@ Egderal WighWay Administration

i atesS from 0.04 to 0.12.
icy by each State. @
eral variables, such as climate,

A

Y 4



Chapter 3 —The 13 Criteria

cmm?sgas \
nal design exception is requiyéif thg State’s superelevation p t be met in

| pf any curve on the NHS. us, 1§ a State’s maximum poligyN .06 and a

fi is proposed that wou@ erelevation rate greater th (but within overall

HTO guidance) this is c efed an exception. A desigqe jon is also required if a
A uperelevation rate is pr at is different from the p gNd rate per the State’s
\ policy for that curve, regaifless of whether the curve i lling one (minimum rads
for a design spee ot.
-~ Note that no sgption is required for s g)on transition lengths. AlSp,
J States em 1rgh curves for high speed a r curves to help develo
superelevation. States that use spiral tvit s, the inability or decisi % ea

spiraledo t require a design exception.

et) and Operation @iderations C) A%

safety and operational rngftelated to inadequate sup on are similar to
ose discussed in the hggizogtal¥lignment section. Inade erelevation can cause \
vehicles to skid as t

a ough a curve, potentially Iting in a run-off-road cra

r .
Trucks and other lar cles with high centers o are¥more likely to roll over
curves with ingde§ufite Stiperelevation.

<& Q v \
o gm(ﬁ > Q 7 C.
. 2

)

-\
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: Mitigati

S

Accident Modification Faao

T
erelevation deficiency is one

e deBign policy and values.

t specified by the appr

O

tegtes For Design Exceptio&
e Safety

S

eports how variations i ef®levation affect safety on
which there is insufficien

O

No— ane highways.
ation compared to

Superelevation on Rural Two-Lane Hig

Surere.~va ‘on Deficiency

0.02

0.03

S

Summary

Table 13 summay
exception for s

TABLE 13
Superel

0.04

0.05

ce: Prediction of the Expecte

Performance of Rural Two-Lane fighwa , FHWA : %
Qtential adverse impacts t@safgtyfand operations of a def n Q

tion. \

Freeway ‘

ation: P
A

S-.ety & Operational Issues

ntial Adverse Impacts to Safet

Urban
Arterial

Skidding

Large vehicle roll

S

collector, or local).
) km/h) or less.

erelevation Res@/

Low-Cost Treatmen Norlzontal Curve Safety, FHHWA, 2Q06. %
A Policy on Desig Interstate System, AA 005.
A Policy on G esign of Highways and St RASFITO, 2004

A Guide for Reducin

48
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| &
Qf Truck Characteristics
ramsportation Research Boa
A Guide for Addressing Han
Research Board, 2003.
® . : _
< ’ e Roadside Desi

o Guidelines fc
L 2001. §
\ e F % Hardware Web site
4 http: /Hga

rms of the 13 controlli

curvature (both crest an
curvature influences ago
geometric design hemsi

minimum 1
R minimum stoppinfg siglff distance for the combi
vertical cuzxf% ally designed so the cur

are discu3gé€d Delow in the section on

Re p the sections on grade and gtoppi
gent.
A ertical Alignmer?g%urces
\ e A Policy on DesjgmStandgrds Interstate System, A 2005.
e A Policy on @ Design of Highways and Strets, TO, 2004.

cygftric Design of Very Low-,

- Guidelinegffor

, 2001.

y Gr

the rate of change of the

omol, particularly for large
angl minimum grade. The indRjli
oduce operational or safe

A primary safety co potential for drivers of heav{{trucks to lose control as the
v descend steep grades sign exception is requi aximum grade is exceegled.
after

Minimum gra chiéve proper drainage h
exception is i or highway segments t%

" E Department of Transportation
@ F

eral Highway Adminisiruiion( :

ia, vertical alignment includ
. grade is considered separa

tO%asf’ Roadway Design, NC%

lisions, NCHRP Report 5

e]

sight distance for moreg

N

v

e adopted criteria expr

!as well as vertical
and discussed below. Vertic
DD

ul Roads (ADT <400), AA

¢

n established, and a degj
than the minimum -@ .

lume 4, Transportation

O

uce stopping sight distance . The

O illuminate le headlights, which w
influen n#hdesign considerations re & esign exceptions for vertical cu§vature
stght distance.

n on vertical

\

r both maximum

eet either a maximum ighum value may

Criteria

A Guide for Addressjfag ff-Road Collisions, NCH epart 500, Volume 6, Q
Transportation Ré % Board, 2003.
iAW ASHTO, 2002.
mgffic Design of Very Low-Vol octtl Roads (ADT < 400), A
y.thwa.dot.gov/ roadv@t/ Zad_hardware /index.
@a Alignment

<&

al alignment. Grade affects vghicl ed and vehicle
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Spe dgal on highways with can contribute to safety ational
p s.glrucks and other heavy v se speed on steep, asc ades and may
be i N

aBI€ to reach full highway s il they have passed the ¢ he’steep grade.
les behind them are slowed%ing operations at the legs ontributing to
\ar-end conflicts and in s aseskrisky passing maneuve tig worst. Truck drivers
ay also choose to desce @ es at slower speeds to mai@t er control of their
vehicles. Operations b&gdégraded for faster-movi from behind, creating an
increased risk of re@r shes and risky passing S.
L Another pote ty concern is present when a ntal curve lies at the batto X
N steep gradefiggre 16). This combination of glignnignts increases the risk of run¥off-
g road crase ‘ ’ <
RE 16 A
Horizontal curve at \
the base of a steep
grade. %

&

QO (
¢ ¢

- - &
) Clarificati Q~
> The ado ifria also include achieving a m grade. Grades of atJeasp@3 <
percen P&flsidered necessary to achigye appgopriate drainage of the ent. "Where
very\j es are used for significg oths of highway, care shouli be t to assure
ompination of cross slope (segilisClgsign below) and grade ar i or good
raingge. A design exception i reg when either the maxim for a design
@ ion is exceeded, or when the Myfflimum grade cannot be$ . \
Traffic Operati@ C\z\
The combination6f grad®s, including length of gragfle an&MOrizontal curvature ca é <
(S Ol O

demonstrabl ncg on vehicle speeds. One r @8sessing this operational c
is the Desi@ ency Module of FHWAg IH§DM(see Chapter 1). This mov
|
i ?4 > BB S pf Tran ion
50 O e l: ey ;dsrf\?:?;i?'uiinn C
) NE
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speed profile for conti saligfiment by direction of trav&l. be used to
alignment variations, and pr irect operational meaSI\ esign exception for

a¥fhum grade.
\ ubstantive Safg v \2\
X
Ay
>

Criteria

Table 14 illustrate gations in grade may aff n rural two-lane higlﬁ

TABLE 14
ctors for Grade on Rural Two-Lane Hi /S

Accident Modj

Grade (%) Accident Modifice .«on Fac “or <

1.10
1.14
d Safety Performance of R Twyo- Highways, FHWA

Source: Prediction of

p
Summar, A
O Table 1 izes the potential adver \ne o safety and operations of a dgsign
exceptio ade. % <

tions

Rural Urban

A Freeway ‘ EXpr ‘ssway T AT Arterial

hes, particularly where steep
@ined with horizontal curves

Freeway: high-spee
Expressway: high*=
Rural 2-Lane: h-spded,”undivided rural highway (art

Urban Arteg n gfterials with speeds 45 mi/h (7
"‘ . Department of Transportation
@ Federal Highway Adminisirmiono

)

\
: C
K\ L&
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ources %

cy on Design Standards I

Policy on Geometric Design of Righways and Streets, AASH

S

Ons Involving Heavy Tru

ystem, AASHTO, 2005.
A Guide for Reducing Cg w1s o Horizontal Curves, NC Rewort 500, Volume 7, Q
Transportation Res % rd, 2004.
A Guide for Redugg [ Report 500, VolumeQ

rgif Board, 2004.

ressing Run-Off-Road C
tation Research Board, 200

T
(@e 'for Geometric Design of \r
@lway Drainage GuidelinerT , 2000. v

opping Sight Digt

R

provided by

> comfort gt

&

Stopping sight distanfe is ed as the distance nee ers to see an object on
roadway ahead a i eir vehicles to safe stop e cgfliding with the object. Th:
distances are d r various design speeds hgsedfon &sumptions for driver re
time, the braking®bility of most vehicles undgr Wet ment conditions, and the fri&fion

vement surfaces, assumi tires. A roadway desi
employs a hofjzontal and vertical align d @cross section that provjg
ming topping sight distance thr@ ntire facility.

ight distance is influe y vertical and horizontal aligrigént. For vertical
ffig sight distance, this incl sight distance at crest verti %es (Figure 17),
q ight sight distance at sa 1 curves (Figure 18), and Mistance at

\ ndercrossings (Figure 19).

’ con
headlights at nSh ;

alignment of

efghe typical design speed r

or hariZontal curves, physical ofstgfttiofs can limit stopping si ance (Figure 20).
les include bridge piers, alls, backslopes, and yegetdtion.

rt sag vertical curves wil
ighting is provided at cal curves, a design to th
ay be adequate. The length ertical curves to satisfy th

ves provide greater stQufi g distance during dayligﬁ@
i 7
Vg' er

TransportationRe
A Guide for ré&sing Head-On Collisions, NC rt 500, Volume 4, Transp@gtation
Researc %, 03.

(@ NCHRP Report 500, Volu@
owWolume Local Roads (AD SHTO,

ogfCaNto criteria
c st the

the roadway (limitsgst8pping sight distance

effective distance of t e’s

resulfs in minimum curve le

"" u.s, @ b Transportation ‘
< @ Egderal WighWay Administration 2







distance at a sag
vertical curve.

FIGU ')

Sight distance at{gn

<& Q v \

" U.S DR bf Transportation ‘
< @ Egderal Wighvay Administration 2
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itn exception wherever sto

i e. FHWA requires a f
ot be provided. Becaus g sight distance is infl
orizontal alignment, a dg¢S4 eption may be required, l-‘&on a range of geometric o

\A roadside conditions lim%t lines in three dimen

For sag vertical o ormal design exceptions an requir@d for curves that meet :
-~ comfort critegi bulgo#the headlight criteria,Q; ng is provided. A

J e e
, Sf$

1 @ghway.
@ d sight distance can vary signific&ntly, based on the
I’ foRgifaluating locations wit ight distance A

: E
The d criteria for stopping sigigdistalice apply to the entire
ough, the relative risk o ;
< cirs stances. A simple ‘m

inyolves the following quest
Q e What roadway or
v distance?

s the deficiency in sight dis

2

ditions or features are with%

"‘ . Department of Transportation
@ Federal Highway Adminisirmiono

)

sta ,@n Book provides desi
(
1

I itiorbto stopping sight di
tance, passing sight distarige (apjplies to two-lane roads o

GURE 20
Horizontal stopping
sight distance.

i
both vertical and

gment with limited si%\

easured by length of hj ay
irell per adopted criteria)?
. ith limited sight distalv

-\

RS
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For e risk associated with S cal curve with non-stan i distance

a location with intersect@&iveways or other road res (Figure 21)
area of the sight restri cogpared with a similar loc Nt no such
S e
urds w

es. Table 16 summarizes th e safety risk of combi jotis geometric

ments and other roadw. t ith non-standard sto iocht distance. Q
(see Figure 22) can be

A stopping sight dist
< , location-based risk
2 stopping sight dist ach location along the ggadwWay, thereby illustrating the \
tance restrictions and wher cur. This information can Mgl
N cqre i
4

magnitude of gl
designers u &n the severity of a sight distan striction, how the restrj

interact wg er'roadway conditions o Res, and how/where to implgmen

miti@ ategies. The IHSDM (see@h creates stopping sightdigtagce profiles <

Significant

=S X O
O R\

High volume intersecti

, Y-diverge on road

Sharp curvatyre

Freeway lane drop \
Exit or entrance downstregm way < |

56
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AGURE 21
Not all locations with
limited stopping sight
distance are the same i
T— ‘ , terms of safety risk. 4thi
»

example, the inters&gti
roadway in th
background €gea

"‘ . Department of Transportation 57 !
@ Federal Highway Administration,






N
: e v @ Chapter 3 — The 13 @bn Criteria

ble 17 summarizes the pote erse impacts to safety an xtions of a design
® ception for stopping sight diSfance. Q
N
4

TABLE 17
Stopping Sight Distangg”” Pgentf@igidverse Impacts to Safety and '@ on

R ‘ta ‘

Expressway Tw Lloer

Arterial

roadways

Freeway: high-speed, mulg-

Wid&d highway with interchange S\enly (rural or urban).
Expressway: high-spe -lane€”divided arterial with interchagg®gnd alfgrade access (rural or urban
Rural 2-Lane: high-sgéed, u ided rural highway (arterial, ecigr, agdfcal).
> Urban Arterial: urbantarterial® with speeds 45 mi/h (70 km/! .
O ht Distance Res®yrees C E
£ <

olic$ on Design Standards Int, stem, AASHTO, 2005.
licy on Geometric Design of @ighulgys and Streets, AASHTO

Stop

uide for Reducing Colligp izontal Curves, NCHRP Rego , Volume 7,
ransportation Research , 2004. Q
A A Guide for Addressin -Road Collisions, NCHRP t 500, Volume 6,
Transportation Resear oard, 2003.
\ e Guidelines for ric Design of Very Low-Volu ocalRoads (ADT < 400), AAS Q

_,% 2001.
o Determingftio pping Sight Distances, P ort 400, Transportation Re§ea
J Board, \
>
Cr 9\ pe Q ' \2\ <
t cross slope is an imp s-sectional design elemen@ross slope drains
from the roadway latergfly gn ps minimize pondin a the pavement. A

w
Thils prevents maintenance em@ and also minimizes icin urring on poorly
rained pavement. Ongoadyaywith curbed cross secti oss slope moves water \
| to a narrower chann lﬁ to the curb, away from the tifel Tanes, where it can be

removed. Cross slope§thd§are too steep can cause es tddrift, skid laterally Who

braking, and bec n to change lanes. These
conditions arg’exac
minimu ifgria gkist for cross slope. A for ign exception is required

either e met.
Y %\ \
. Department of Transportation |
e F erlﬂ :ligh:wuy Ad;i:isfirmiono O 59 <
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Clafificambns

Crogs sMpe criteria apply to typi t alignments. On high-s %a ways, normal
C lope is 1.5-2.0 percent, withWe cross-slope break (the al ifference in slopes

tween the lanes) at the cgfffegline hot exceeding 4 percent rogg of intense rainfall and Q
here there are three o anes in each direction, addit@oss slope may be
necessary for adequ 1fgge. Accomplishing othe ﬁ ures (superelevation
transitions, pavem g at intersections, etc.) willgheVtably require removal
L slope in spot logatioRys. THese cases are routine an sSary in design and a desig 0\
N exception is & d. %
g In additis ross slope of the lanes, % ss-slope break on the high gide o
supe afd curves should not exce Qcept (Figure 23). A forma 1 eption is
re u@wn this condition is not Q
QME 23 v
ss-slope

$
&

eak on the

high side of

superelevated

> curve.
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: e E Chapter 3 — The 13 @0n Criteria

Able 18 summarizes the pote verse impacts to safety,an \ations of a design

® exception for cross slop O @
N
4

ary

TABLE 18
Cross Slope: Potentja

Arterial

oss of control when crossing
slope break

only (rural or urban).
> Expressway: high-sp@ed, millti-lane divided arterial with int e at-grade access (rural or ur
O Rural 2-Lane:@ divided rural highway (arterial, g .

ol
Urban Arterial! rials with speeds 45 mi/h (7 h)r less.

Ckass gope Resources \2\ Q (
. licy on Design Standard, @System, AASHTO, 2005. Q-
Policy on Geometric De (ohways and Streets, AAS , 2004
A Guide for Reducing is10ms on Horizontal Curves, N %e t 500, Volume 7,
\ Transportation Resea rd, 2004.

o A Guide for Redygigg Colljsions Involving Heavy Tryelks \CHRP Report 500, Volum: Q
Transportatia @
-~ o A Guide fogfAdd¥g
O

arch Board, 2004.
Report 500, Volume 6,

¢ Run-Off-Road Collisig
me Local Roads (ADT S%& ,
Vettical Clearance ; A%
he adopted criteria pr%r al clearance values for t 181s highway functional \
classifications (Tabl 1x criteria are set to provide at ¥ast a 1-foot differential

between the maximuiile®gl vehicle height and the g@&dvay,Wwith additional allowa fo
ese’clearances apply to the dndway width (traveled waygand
e

future resurfacj
esign exception is requig®d wh@g€ver these criteria are n, t

shoulders).
applicab 1 classification. A

Sg i 1
e F 'Ere::ﬁcm:l::vi:ﬁ?&?:?;i?mionoe O 61 <

’ Transp, n Research Board, 2003.
o Guideli eometric Design of Very lgegg-
v 20Q1.
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bagfInterstate routes, the cl

tic standards for vertica
infegyity for national defense pur%On Interstates, the clea
t be less than 16 feet (4.9fters) Over the entire roadway thin
idth of shoulder. In u s, the 16-foot (4.9-meter) cl@

single routing. On o

ion Engineering Agency of t

Command N

TABLE 19
of i m Vertical Clearance

Y 2 0.~ _adway Rural

adopted for the Inters

Urbar

US (feet) M’ © (meters) US (feet) Me* «c (meters)

Beway

Avrterial
'O Collector

4). Impacts to low bridges cr&te risk for the driver of the

\ roadways, and in extg@m&gituations can result in clos of t
- and necessitating gos @ pirs. E

Source: A bolicy n Geometric Design of Highways s,.AASHTO @Q
ntive Safety q,i A
Qh adverse effects of struct ith insufficient vertical clear

C thers on both

C

R

Xtem maintain its
i of structures shall

cluding the useable
shall apply to at least a
1 all not be less than 14 fe
(4.3 meters). A dest ion is required if this sta ot met. Exceptions on
L Interstate mus%c rdinated with the Milit% e Deployment and Dist
N
4

epartment of Defense.

U IQN

&e obvious (see Figure
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Chapter 3 —The 13 Criteria

GURE 24

Interstate closure
after an impact with a
bridge.

pn for vertical clearance.

0 snmarizes the potential @Qaacts to safety and opgfatio a design <

Rural L) “an
Two-Lane Arten Y

Rear-end cra [
that collided th@Structure)

dway

pressway: high-speed, multi-la

v access (rural or urban).
Rural 2-Lane: high-speed, rural highway (arterial, collector, o
Urban Arterial: urban artgria¥g, wit eeds 45 mi/h (70 km/h) or less.

Vertical ce Resources C)

e A Pojs n Standards Interstate Sys HTO, 2005.

1
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. e olicy Guide, FHWA, 2

4l .fhwa.dot.gov/legsregs/d pa/0625sup.htm
. cy on Geometric Design ofdbight®gys and Streets, AASHTO, N
. idelines for Geometric Design erly Low-Volume Local Roadsg, (. <¥%00), AASHTO,
2001. O
C Lateral Offset Q}Quction A

N
y

tion is defined as the nc&from the edge of traveled

poles (Fi

The lateral offset to i
shoulder, or ignated point to a vertical ro element. Examples of thes
elements arEu , walls, barriers, bridge pigks, sigrigand signal supports, tr@ utilfty

Lateflal offgetcan be thought of as an ti offset — vertical roadgi

eed or lane position. Adeda

at they do not affect a d§j
ments should be provideg fog mifrors on trucks and buses opening
bside doors where on-str &1 is provided.
; The adopted criteria spec miwimum operational offse @ oadway conditions and < ’
Q classifications of 1.5 fG Q~
p

Clarificati A

not be confused with the xone —a clear recovery ay€agee of rigid
obstacles and §teep slopes, which allow es that have run off the rogd g saf¢
Or Cg Q2 stop. While lateral offsetffan b ught of as an operatiogé <
e Sgrvg a8 ction.

A FIGURE 25

Lateral offset to
\ obstruction is an
operational offset and
.% is not the same as
clear zone.

g/criteria that require a f

Lateral offs bstru N
exception A Policy. Clear zone is $
E us 5 N b Transpo ion
" < , E e E GQ ! y ;dstf'!i:?;i?'uiinn
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v Chapter 3 —The 13

u ear zone is not one of ing criteria that require a
ptign, its importance should cognized. The AASH
Q?‘o es ranges for clear zon ed\gn speed, traffic, and roadj
at “the values suggest only%roximate center of a ra e tonsidered and not a
\ precise distance to be helelyas abSolute.” Designers are e to exercise judgment in
selecting an appropyi8 dr zone, taking into account @ia les listed above as wellgs
the location (urb , the type of constructj nstruction/reconstructio
3R), and the coftwgf pter 10 of the Guide pro idance on roadside safe
2 and restrict@r ents and emphasizes edyto look at each location a \
particularSjte acteristics individually. V
Accogdi WA, a clear zone sho pstablished for projects or pfoject ge®ments <
b a thorough review of site g, constraints, and safet idegations. Once
@one has been established, ions to deviate from it for roadside
es should be identified, justi and documented. \

& N %

ifes thegotential adverse impact sQnd operations of a desj

offget. A
and Operations
o

Freeway Expresswav

=

Criteria

ide Design Guide
lopes. The Guide states

n

4

Table 21 summar
exception for late

R

TABLE 21

Rur A Urban
2. '.dane Arterial

blane divided highway with interchagfge acc
Expressway: high-sfig ti-lane divided arterial with interciange at-grade access (rural or ur,
-~ Rural 2-Lane: hjgh-speé ivi i j 0 rlocal).

|ess.

o J A Policy on Geometric De§f
o Guidelines for Geomeiig D8sig
2001, \
v e Highway Capagity I, Transportation Rese@ard, 2000.

\Q ?~ \
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St@aCapacity Q‘
The&yl3™€ontrolling criterion is st apacity. This refers only
capapity of the bridge. Because it 1§fiot strictly an element of g
% acity will not be cover -@- etalt in this guide. Designs@
" A

hat the inability to desjg designated structural cap@city #equires a
exception. There is 3460 j ation in the Green Book iiOns under

; Q bridges may reﬂ

Brid 1Mhat 1S structurally sound a @Arrent crash test standarg
safet{y consid@ration, and updating supstgfida®d barrier is an importa
ther projects. However,

€ or condition of bridge zail 1
f the 13 controlling cri\'h t require a formal design exc
Q Sum mary \2\

sensitivities wil good decisions regardi exceptions.

’ Each of the 13 contro@sign criteria is establish:
O and/or safety b gner understanding of thepa
geICL 1O i

Based on the discussed in this chapter,
e made lightly, and t

. The next chapters of

se effects and deliver a@ ith acceptable performa

R

Noad—carwing

esign, structural

be aware, however, Q
design
which existQ

N
X

hot considered to

a desired operational
of the benefits and the ?

3 bected

"‘ u.s, @ b Transportation
< @ Egderal WighWay Administration

A

an ignhportant <
@A 1mprovement

icWers should appreciate t e inabili
cled minfgnum threshold criterion t <
@ e for a lesser design may bg bas many conditions. De sRbuld expect
sopfle extent adverse operajioga or safety effects may ocar ithy®l design

discuss how designer& jtigate potential

Y 4



CHAYE™. 4

Mitigation Strotegies

< % Table 22 lists potgfiti ation strategies for F Qltrolling criteria. Additi

information is edgon the following pages. not meant to include
possible mifjgatign stfategy for each criterion. eRyit is intended to initiate a
process y&( ing some common as well asWfhovative mitigation strategg

ception location is uniqyemgo theYphotos and examples p t&g in thi
e case studies that follp$ % pt meant to imply a best so@or any <
apgfoach is to consider the a trategies
d in this chapter as wel ideas and new approache ilable, consult
it infdrmation. Then customi more strategies to \
ress the unique conce I&“ e conditions at the design ex§¢ption location. %
The known effectivenggs e mitigation strategies va pme, such as shoulder rumligle
strips, have been any years and are well hers are new ideas tha
been tried, but their effdtiveness is still being st pody of knowledge on Q‘
h

strategies wi t to grow, so designers sho ult the most recent resgarc
available to tegies. SV

Q)

TABLE 22
P ial Mitiggtion Strategies
S eme e Pote ga ategle
8 Reduce o i eds to the ts to manage speed.
A esign Speed desig ped. g€ sp
afety and operations by i mbination of lane and should
available cross- i on site characteristics.
pnal width.
o . )
@Vide advance warning of lan i
’ idth reduction.
- Improve ability to stay withi ide pavement markings.
lane.
\ Recessed pavement m <
it & Raised pavement magkings.
Delineators.

Lighting.

8 rumble strips.

&

mprove ability to recover if dri
leaves the lane.

dgeline rumble strips.

vVed or partially-paved shoulders.

Safety edge.

" U.5Wepartment of Transportation 67
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TABLE
Poig

2 (G0 D)

De.'ign Element

liglitiggtion Strategies

¢

Objer tiv-.

&®

Potential M *ige.fon Strategies
v . .
gideaiSyfixed objects.

Remove or

Traversgbleslopeg

Breé '@

fiX®d objects and steep slopes.

ety hardware.

Provide space for enforcement
and disabled vehicles.

POll-off areas.

Provide advance warni
delineation of narrow.
Improve visibility of
bridge rail, and lane

aintain pavement on bridge t
ill provide safe driving
conditions.

Signing.

Reflectors on approach

@d bridge rail.

Post-mounted deline

Object marke
-_

Reduce crash severityfit driv
leaves the roadwa

Provide space
vehicles or
bridges.

Pull-off areas.

N

Surveil €Y

Hoglzontal
gnment &
6. Superelevation

ment marking messages.

Provide delineation.

&

Improv il tay within the
lxz\

68
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Chapter 4 — N#ti trategies
L INUED)
ial Jditigation Strategies
DesIg eme 0 e Pote gatio ategle
Painte e rumble strips.
.@ ility to recover if driver | PayedW partjglly paved shoulders.
legveSREE lane.
af e.

ve or relocate fixed objects.

Traversable slopes.

Potential Mitigatio duce crash severity if driver
Strate
\ leaves the roadway.

Breakaway safety hardwar

S
Shield fixed objects ep Bpes.

cal
lignment

See (8) Grade pping Sight Distance.

Signing,

sal@ty and operations for
scending or descending

escending steep grades.

Improve ability to stay within

lane.

Delineators.

Centerline rumble

R&Cuce crash severity if driver

aves the roadway.

pes.

ed cross sections.

rades.

9. Stopping Sight
Distance

(U

. Department of Transportation
deral Highway Adminisiruiin(
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TABLE

2 (8O0 D)
liglitiggtion Strategies

¢

Objer tiv-.

Poig

De.'ign Element

v
Cross-sectigg@iwelSfgents to manage speed.

Potential M *ige.fon Strategies

&®

o avoid crashes.

-

Wide shoul@ers.

Wid a gcovery area.

pro¥e driver awareness on
roach to intersections.

cé

warning signs.

D¥amic warning signs.

Larger or additional STOP/YIE

sign

Intersection lighting.

Provide warning of
pavement.

Signing.

Improve sufaceNgiction.

10. Cross Slope Infprove &yainage.

Q.

Mitigate cross-slope break &g
high side of superelevajga

Signing.

Preventing imp#é
structures.

Alternate routes.

12. Lateral Offset to

outside lane width and/or additiongl

Obstruction uting available cross-
tional width
Improve visibility of the lane lines\¢’| Enhanced pavement markings:
L Y Not addressed in this ‘@
apgCity

sign Speed

As discussed in Chapte
affects many of the geom
are also rare, for t
which provides {grea
normally pr 0

,Qles1

peed is a design control, an
ements of a highway.
ons? 1) the adopted criteri
1 of design flexibility; affd

e specific design elemﬂ ot the design control.

e chosen design speed

ss a range of design speed
n exceptions, when ng

exceptions for design spee&
a

oS

. De
edgral

of Transportation

way Administration



Chapter 4 — N#ti
hgregases when a design excgmgidg is @sed for design speed, on
fhsidCr is choosing cross-sect ents and dimensions thatse manage
8L ; r DQlow the design speed. For xb Won a transitional
nvironment, a more-enclo an cross-section with
® iyers a §isual cue that they are e a rétluced-speed Q

environment. It may:. &l less comfortable for a drifer

to maintain hlgh spée 3 c}.1 a cr(?ss sect1or.1 Cco Target areas: Any highway Rhe
section with full-width{ design exception is us d&eign

to a more-open, cr
2 and wide shoul§er st as design speed is s speed.

designer, x tional elements can be chose Strategy: Crosgsse Wements to
N ¢
4

ing speeds. manage sp@ <
T Width and 3. S it A
ané&and shoulder width strategies [fafe been combined in thisfdigcuSgion because normally \
they are evaluated in combiga hen there is limited cross-ségifondl width. The two
v criteria are also interrelate®hirMgerms of their effects on s and Wperations. Q
Distribute Cros al Width arygigfreas: Highways with limite

C
ross-sectional width.
4 In locations Lsectional width is
O rategy: Optimized lane andw

constraine ing how that width can widths
distribuigd m3st effectively between the 1
shoulder be evaluated. This stiate

3 - site-specific characte% example, on a rural
shdflders and a history of run-offago shes, an effective v
guite of the available width to modate a narrow pave
shoulder and rumble strip§fat the expense of narrower s. Whe objective would be to

reduce the probal pf run-off-road crashes. For fnotheMpighway, with heavy tr
— volumes and gar alignment, maintainipg Mgl 128foot lanes at the expens
of the shoul idtWmay be a more-optima b, “The objective would be ginifgiz1

J truck off-tr
> charagt®uisti§s such as highway type, traf ‘;
%ty . With this information, vari®us combinations of lane an

valuated with the goal of izing safety and traffic opera@

=

cific

1t
h¥%istory,
r widths

e design <
tion location.
Cgse Study 1 (presented in erdd) illustrates how one Stat@hed multiple
ombinations of lane ang shduld®& width on a segment of v eway where the cross \

section was constraine

E Provide Ad e Warning of Lane Width Q e e g}
Reducti with narrow lanes.
Signs ¢ d to warn drivers in ad e Qf a Strategy: Advanc i narrow
chagge inYgne width. Messages suc N lanes. \
1
S. Department of Transportation
Q der:fl Highway ;dr':iinisiraiioo Q 1 C
) NE
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exception

Y Mitigati tegtes for Design Exceptio
NA (Figure 26) may be us, in combination with an'
pl anual of Uniform Traff evices (MUTCD) provi idafice on the
siZ§ o ning signs for various kigh types but notes that lar 1& y be used
appropriate. Larger warni should be considered for digi
\xatlons.

%Use of advance warni

< , design exception for,
N
4

URE 26

Signs can be uSed to warn drivers in advance of a

change in lane width.

rget areas: High-speed ro
narrow lanes or shoulders.

Strategy: Delineators

Roadside

ithigythe travel lane. Dependj
1 ay, traffic volumes, cgash Rist
site-specific characteristicsihligHi

exception location,

a stand-alone measure is

n 1&, but at some locationsg

ﬁaygith
elin§atomFigure 30) can help dri
see chan% dway geometry. Lighting
d

(Figure ill have higher up-front cgstgan
utMity costs, but is another st
n enlfynce a driver’s ability to sg€a

may be appropriate for the
appropriate only for sel

or it
high-speed rural roa dth narrow lane or shou
along horizontal gurves ®g along segments with a

@ to sufficiently mitigate
effective component Q

ensive approach.
markings petroreflectivity (Figure

nt markings (Figure 29)
Target areas: High-spe yS
with narrow lanes or shoul§ers.

Strategy: EnRkg avement

markings.
&ed and

will have higher
ing. Recessed
provide extra
f the country where sn

\n cause additional V\Q

Target areas: Urban fre er

eways
high-speed urban roadw; sedgtents
of high-speed rural ro@ ith a high

more com

ovgfAbility to Stay Within th

lane and shoulder wi
enhancing a driver’s abghify tOégtay within the
lane. One method is to clear delineation
and better visibiljfagof théjjanes. Wide pavement
markings (Fi ecessed pavement

vement is wet

or when visibility is pgor.
recessed pavement mgr
costs than standar
pavement mar

v

C

crash history or a higler profability of

run-off-road cra %
Strategy: Lig@ \
ire length of the design
seghents. For example, foC
d

type of
, and other

s, lighting could be instal

ane-departure crashes.%

t

N

S

)

oS

" . D& of Transportation
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e - - ms— ide pavement
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In addition 0 Silele delineation, shoulder

within th e that a driver can feel, O
wigéhs, ers may have a tenden
er rumble strips (Figure 32)fwar

ly used on high-speed
afs. Shoulder rumble strij
. Agencies are encoura

rural two-la
speed rura
bicycle gro

Strategy: Centerlin&

ef{{erline rumble strips improv

ability t?g Wgithin the lane by providing b&gh aitdudible warning and a slight
d

two-lane roadways wii ndgow lane
pnglgthedvehicles.
1

to'the outside when mee
vers that they are outsi

N

0 on two-lane undivid a s are cross-centerline hea§l-
iggilar to shoulder rumble terline rumble
A ips (Figure 33) can be tOgvarn drivers that I%r &
they are driving near the eftine and are close to
\ encroaching on thegagposirlg lane. Centerline =

Shoulder rumble strips

Q)ffective strategy on any

k in cooperation with

shoulder rumble strip igdugs. By involving bicyclists ear
desig developed that achieve th%eneﬁts of rumble stri
tim x\modating the needs of biesiglists §The gap pattern illustr

odghat can be used to bette @ modate bicyclists.

Target areas: Two-lane, undivi |
hways.

an€. Another

ideswipe crashes. | ;

igh-speed rural

O

state
i e process,

aPthe same <
igure 32 is one %

" g Department of Transportation
@ Féderal Highway Adminisiruiiu(

)
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|
degumble i i : A
A - e \

, Q o
S &L & ¥

md¥Rings with shoulder rumblegtripgf(Figure 34). The rumblesfgipSégre placed at the edge \
of the travel lane. This all ble strips to be
placed on roadways witiWgeRg limited cross-sectional 2 eas: High-speed rural high
width and narrow p ders. The edgeline sl el Lol

. . K ausing deterioration of pavemen
marking is then pfiinted€irectly over the rumble afrkings.
strips. Several adantdges of this strategy have _ _ :
observed Strategy: Painted edgeh§ ru strips.

1
76 E é "‘ . De of Transportation
< , @/ fFedgral way Administration
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%rove Ability to Recov@her Leaves the Lane
hen a driver leaves the% he paved portion of the r \y at high speeds, there is

Chapter 4 —

t
one to wear from snow plo
edgeline.

FIGURE 34
Painted edgelin

ement marking on thegag

rds the driver at night, @

significant safety risk. As dfscussed in Chapter 3, pave e

Iﬁg a beveled edge of
< u;

&

d with both hot mix aspia
orking with contractogs is fecoMmended because some ifiCRfions to paving \
equipment will be n CK he safety edge is

ing for areas with very Targ§y areas: Hig_h-speed highwa
specially those with no paved shgulder

particularly worth co
limited cross-sect
enough widtlf’tor p
shoulders adways on
this de n.

th, where there is not

d or partially paved
the local sys

fr vel lane. Another strate
the Ra#fverhent edge to allow safergge

afyerplcal face of the rumble st
fiae a more-visible edgeline. agecofd, 1 northern
mbie strip are less

are Wy the depressed portion of
‘t’ %l his can extend the life and mance of the painted

more light

dropoffs can increase t

Q Paved @paved shoulders (Figure 85) e
speed highways.  the pa%kdge and potential dro er
e Nconstruct
or

f the roadway.

riveps who leave the paved i0
e safety edge (Figure 36) a%is es this by
e stead of a near-vertic e s strategy can be

) and portland cement c

Strategy:

P‘ gs. Department of Transportation
@ Féderal Highway Adminisirmioo

Vo A

CC) pavements.

narrow paved shoulders.

Safety edge. %

O
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F 35
Partially paved

Reduce the,Cra

Because the er at locations with dgé cepitions <
for lagesgr showlder width, special attepsien'§aould be paid to providin e ery
areplementing measures to feduc severity of these crashé€s. Q_
%areas: Any high-speed or rur% 1xed objects should be%e igure 37) or v
ay. relocated to a place & are less likely to be
AStrategy: . }}it—at or beyond the one, if pqssible. Signs,
\ slopes, breakaway safety hardware fgnd light poles, and o neQessary roadside
barriers where appropri hardware shafuld b talled with crashwort
.% . breakawa orjs (Figure 38). Foreslopes
J transverse slo inage structures should @ pade traversable. In some c%e
objects or steepisl ould be shielded witly barffg igure 39). Although thyse
s expected to decrease. \

4 barriers r\ ase crash frequency, crash s

v

1
. of Transportation C
way Administration %






Y Mitigati tegtes for Design Exceptio

FIGURE 37

Fixed objec al\Separate box culverts

were extegdeth conr@eted, and covered at
\ v this interch@age’

Breakaway I '
light poles. - "

o L

FIGURE 39

Shielding fixed objwr.

4?
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P \@II-Oﬁ Areas where S idth is Limited
er i
u

houlder width is limited, mitigation strategy is t
tf areas (Figure 40). Pu s provide several advanfageyFirst, they provide
om to store disabled vehiclesphich is particularly impo intaining operations

on high-volume highwg#¥8g A d#abled vehicle can be

parked or quickly r @ rom a tr;iwel lane .to a Qg areasT Righrspeedroadwa

pull-off area, all traffic to flow in all availab arrow shoulders.

traffic lanes as y @8 possible. Second, pull-o

. . Strategy: Pull-off areas.

L areas provigde amfare®tor law enforcement to \

vehicles jn%qreaSwith narrow shoulders. This

for law enforcement pey®hgel, the stopped driver, and .
O e likely to be improve ecause drivers are more li aintain <
rm eds and stay within t e¥faw enforcement activitj e Deiflg conducted a
icight distance from the travi esgfi a pull-off area. \

ossible, pull-off areas s located where lane departu es are less likely,
omMghe inside of horizontal cugugs. Q

uch as tangent sections
Case Study 4 (pres CRapter 8) illustrates ho @ e is using pull-off areas
Q historic urban fre§way yith extremely narrow sholdges. Q~
4

N <

> rQving a driver’s
3il and the lane lines. A
ety benefits are a reduce rashes with other vehicle

on the bridge, as well impacts with the bridge rail proach guardrail.
Operational benefit Xs t from an increase in driver cdinfort. A driver who can
clearly see these qos i maintain normal operatingfSpee
¢ is is particularly impogigri§for
ard can also reduce the prg 4@1 ity O

%

or at least not S
maintaining @fficiefit fraffic flow on urban freé
rear-en@ high-speed, high-volum
(‘ g; Department of Transportation
@ Féderal Highway Adminisiruiiu(

)




&V \QV

<&
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Signifg
Si n & used to warn drivers in of a narrow bridge (Fi In some
ituations, flashers installed in co tigp with the K
s1 &i 2 \

y narrow bridge

\ ay further increase driver awgreness. The Target Q
UTCD provides guidangg®®mgthe sStze of warning locgefBR.
igns for various highw; but notes that larger tr@Advan T @
signs may be used wifen appPydpriate. Larger dg
warning signs sho coftsidered for design A
exception IocaQ \
measgre is unlikely to suffic

Use of advafige Warning signs as a stand-alogg
design efge r bridge width, but at 0 cations it can be an effectivg comgohent of

ie tigate a
a mo@ ehensive approach. @ 2 A<
< % Aelineaﬂon Target area§ Any narrow bridge ®
locati®

Delineation of

the narrowed SiNg Delineation.

cross section a

the bridge is anlgth@ggfrategy for providing agyanc

delineafignWt night is reflectors or reflecior tabsghat

are e approach guardrail ng the <
gewgil (Figure 42). Post-moung€d d tors

pro8ching the bridge are ano, . Instead of
11 10n, such as an ‘

,,T,O

p ing just a single point of
ect marker, reflectors a ators allow the

FIGURE 41 driver to better see the cfgssection narrowing as well
\ ns can be used to warn drivers in advfce  as the most narrow s the cross section — the

1
‘ . De of Transportation
edgral way Administration
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OlffectqpagKers placed at the ends ridge rail is a common treatije i
where agricultural equipm: er wide vehicles are using thbrifge, one issue to
Q) igfer when using object kerSyor other post-mounted sig sm ds of the bridges

achieve delineation o, row bridge should be congidere
delineation.

that they may prevent this t quipment from being able
® cases, using reflectors othe apgroach guardrail and the g

IGURE 43
Objec s\nd post-mounted
»

%tors a narrow bridge.

g high-visibility bridge rails are

oprietary products on

cRyss the bridge. In these

railPor other methods to

stead of post-mounted

\/

dther method for delinegfingfatw bridges.
hitegoncrete has been used encies to enhance the visgbr
ight or when visibility is p e 44). There are also

. Qet areas: Any narrow bridge
' ) ts magket with features that ma \ocati on. ;
bridge rails more visible.
\ Strategy: High-visibility bridge

ridge rail at

FIGURE ¢4
White coEre

QO
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@ FEderal Highway Administratio
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Bridgé L g
g ig/nother way to make nar es more Target S8 row bridges in urban
visigle 8¢ drivers. Although mos ed in urban areas; R in areas with a high
X lighting may be appropriate\gh some rural bridges, 1 edestrians and other non- Q
e

. . . . d ; brid here traffi
rticularly if there is a hi of safety problems. Volu . are ﬁir;h. Sriggezswwﬁrr]ea rha}sé(c)

% Q @shes or operational problems
< ’ Skid-Resistant Pa d Anti-Icing System

Strategy: Lighting at narrow hgidge

Particularly in nortRer ons of the country where )
i mmon problem, measures t
istalit pavement should be considéeged to help drivers maintain rodon

i ) the

S row bridge slickgpav@ent. Pavement grooving afid o <
9e: : gures 62 and 63) can be d agthe time
Stra@' esistant pavement. id® i

icing on brid
N maintain ski
4

constructed.

istory of safety problems.

i oy, automated
et areas: Bridges on high vo \ nti-icing systems (Figure 45) Qay be appropriate, at
) h-speed highways or bridgeg wi especially problemaons. < ’
Strategy: Anti-icing syst@

Q‘
>
=
=}
=
(@)
w
<
28
(@]
=

»0ach Guardrail

worthy Bridge Rail an
Because of the higher pr. % f impacts with the bridge raifdnd approach guardrail at
narrow bridge locatigns, ghgsBworthy barrier that mee{gf1%xceetls NCHRP Report 350
e Used (Figure 46). This i @ e bridge rail, the guardrailf§¢he

crash test criteria s
and the guardrail ter

stiffened guardrdil tragsi¥on that connects to the }gf1
1
84 .D f Tran: ion
E % (‘ 4 @o ansportatio

=

AO A \ way Administration ‘\Q~
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Target arei%irrow bridge

locati

St XEnhanced pavement markings
an lineation.
@ and Shoulder Width segfiop.
addition to the safety bengfi

Emergency Bed-O§ Areas
If a desig

avoided @

on

"‘ g Department of Transportation
@ FEderal Highway Adminisiruiiuo

)

5 criteria should be consi
ucks and tractor-semi-ipai

The AASHTO Rga ] i i i
approach dril
driver i c% owed cross section of the bri

N2

. Othi
at

Stra ‘QE€rashworthy bridge rail and

Target areas§ A
Iocati\

ardrail.

eflectors, can visually traRsi a
e (Figure 42).

compliance with
NCHRP Report 350.

gation strategies for nagro

discussed in other secjinsQf this chapter
lude enhanced pavement fnarkifigs; see the Lane

elping drivers see andystay Within the lane, improved

tigh for bridge width cann.

ridges, emergency pull-off%re v

lane delineation is exp, Qincrease driver comfort at n. idges and improve
operations. \

Qarget areas: Long bridges. C)
§

trategy: Emergency pull

red. t-levels 4 and 5 includ :
rg8pectively.

guardrail transition in \A

RO
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dered. Pull-off areas oy

a idlges ghould be safely terminat&d,
@ ke.or through the use of an imgpacfattéhuator on

nd facing traffic \
rveillance E C}2\ Q
s is to use intelligent
such as cameras to moni get areas: Long bridges. \

Horizontal alignment erelevation strategies hav. Q
because they are norrflally @vdluated in combination.

p in terms of their fety and operations.A

O Signing anglPa¥ement Marking Messag \ Q
Signs can be o warn drivers in advange afp horizontal curves an there is <
non-gemglard Superelevation (Figures 8). The most commonly yged curve

w @ pn (for advisory speeds of 30 mi/fh or greater) and the tur ng Sign (for

visolggpeeds less than 30 mi/ ory speed plaques mounfgd the warning ‘

Another strategy for
transportation syst
! long bridges for craghes\isabled vehicles, or oth? Strategy: Surveillance.
problems. T ow law enforcement and ot
> emergency r ders to get to the scene agggickly Bs possible, which may ef§a crash.

It also al a @isabled vehicle to be rem pm the narrow bridge as q@s

possiple, witigh will improve safety aggvell Mgfinimize the amount o@ 1s
b ccd. ,

orizontal Align afnd 6. Superelevatjon Q

@ bined in this discussion

ONfiteria are also interrel

often used. In some sit "#lashers installed in conj i \with the sign may

er increase driver awar e MUTCD provides gui on the size of warning
signs for various hi es but notes that larger.
% Target areas: Any higtic rly  signs may be us h®&g appropriate. Larger

high-speed highways, 4 dbroach to warning signs souldfpe considered for deskg

orl agcurves. . .
exception o)

J Strategy: Adv arnyghy with signing p . . .
and pavement mirkiryg? Anothggcor§ideration, besides the radi %;3
v A curve a rate of superelevation,is théyoddway
alignm Ni,ing up to the curve. For gxampl& a curve on a highway wj
pre ghagtly curvilinear alignment ﬂ e expected by the driver. Converge, a sharp
e ajgng a highway with a pregfmifgniy straight alignment or of a long
ngeilit is more likely to surpri tvegr. Advance warning is es ‘@ i i
t situations.

Curve warning messag i
advance warning of Qori
with a painted turpagrigw.

te@®on the pavement are another fethod for providing
urves. One example i@int d message SLOW, alovO

4

1
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n ign
essage S gns Target ar@gs: rveS with a history of
opffe curves, signs that provide@ynamic messages = safety pfegle common application
dfivers may be an effective @. SMmeasure (Figure IS 10 NgaNJuck rollover crashes on
) . . sharp s &t interchange ramps and
). Changeable, real-time info§imation can be
communicated to the such as the current _ . .
recommended spe driver’s current Stréjpgy: Dynamic message sign ]
‘ , operating speed: Q~
L FI &% \
\ Turn warning sig
4 with f% .

1
.D ment of Transportation
e gder?lc;i;h:wy A et 2 @: ¥ Q~
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urve warning sign.
ote how vertical
alignment can affect




, %' E Chapter 4 — i trategies
jtion to advance warning, %@n is a common mitigaty Qegy for horizontal
s. There are several wa tively delineate horizon &es:
\ e Chevrons (Figure 5QyguThe M{UTCD provides Q
guidance on chewv. % p for various highway @ as: Any sharp or unexpec%
< . orizgntal curve.
C arger signs may be used
i€ ger chevrons should b rategy: Delineation. A

! n exception locations. _ \ }
N e DPost we delineators (Figure 51). ; %
4

B &

a

. to® on barrier. If barrier is ng the horizontal curve, lo delineation

< Caj provided with reflectorgfin pd’along the barrier (Figu ). A<
Q~ A - ' FIGURE 50 ®
v \ ] Delineation with large

i/ chevrons. C)
O ! : ? .

K
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Y Mitigati tegis for Design Exceptio
| 1
Dajin8gti®n wiih post-
@e neators. \

FIGURE 52
Delimgation gh
@ s on barrier. <

N

&

Widen the Roa Q areas: Curves on highwa Q
larde truck volumes, cross-cent
v hes at horizontal CurVQ rashes, or run-off-road crashes.

mitigate of fRyfickiflg of trucks and other lasge Strategy: Widen the roadwa! \
Vehiclev jacent lanes. Additional [Nge Width
1
90 " : @ of Transportation ( ‘
< , @/ gFedgral way Administration %

]2

Widening




Q easier for all drivers to through the curve with
¥ If Cfoss-centerline crashes em at a curve, a narrowaggedian, preferably with
ne rumble strips, can ggEVvidg some separation between ¢gh&dir ns of traffic. If
n-off-road crashes are more nt, widening the shoulder Jil[elp a driver that has
ecover. Lane widening can al eneficial on ramps and Q

\ eft the travel lanes safe
loops, particularly wlgre tifgre is a history of run-off-rogd cr . The AASHTO Policy
Q Geometric Design offfligh
N
4

e

and Streets provides degi iddnce on lane wideninm

curves.
Skid-Resi avement ?\
Another Sirategy aimed at keeping drivgesgn th&roadway is to provide t
treat s t®improve surface frictio @ d resistance such as groov@ <
avwggflent and open-graded % ses for HMA A
1

@reas: Any horizontal curve. paement. Pavement groov ther textures
igures 62 and 63) can b t the time
tegy: Grooved, textured, or . . .
graded pavements to improveguINGe pavement is constructed ojghey can be milled into
friction and skid resistance. existing pavemen the €ross Slope section for
more informati
4 < > Other Horiz Qur’e Strategies
& r

Because ho rves are a contributin\o o lane departure crashes, m

strategi venting or reducing the sgveyity oFthese crashes are applicable.
Lane andgfottder Width discussion egrli
folleying Sfrategies:

is chapter for addition ation on the <

. Target orizontal curve.
D anced pavement marki

ghting e \ians departire orashes. -
Shoulder, centerline, §d ted edgeline rumble \ o ’
S

A strips
\ i av houlders
_— Clear rec agegf traversable slopes, bre ety hardware, and baa%

’ appro
v , ' lignment \ <
osjpgsi®n exceptions for verticaMaligument are related to grade ayfd stopPing sight
@ nce. The following two se io uss these elements. A
Grade \
The strategies for mitigating“gpade are aimed at E

providing drivers wi arget Qgeas: Any highway with stee
approach a ste @ - { ’

e O
w
LT
=
CREP
< a
o
g 2
®
H
=
QO

~

nce warning as they

e, Inproving the ability of
traffic to safelfy ascgn® and descend steep gragdés, ffategy: Signing.
and imprsgirig drafhage in locations with f1
grades

‘ 1
g;.Decmeno!Trn ortation :)
e" derlfl I:igh\lua‘r ;dst':"li:i;i?'uiin E N %
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Ste

Si n Jg& used to warn drivers in of steep grades (Figur : MUTCD
id&¥ guidance on the size of nYsigns for various highwa' s but notes that
la signs may be used when a}%ate. Larger warning siggs 1d be considered for
sign exception locationgg™ge of ddvance warning signs talg-alone measure is
nlikely to sufficiently % p design exception for grada@ can be an effective
< , component of a morgf€omppreensive approach. Q
2 Climbing lanes are § congfion strategy for improvimg sa and operations on uphi Na

(Figure 54). F& perations standpoint, traffic tinue at free-flow spegds

N passing tru other slow-moving vehiclgs. Frofn a safety perspective, prasgi
” passfhg ofjportunities with a climbingflane <
Targ asWyHigh-speed highways Qbaility of risky passing m, imilarly,
ij@ Siee cupiancn b nga lane on the downgrad e facility
_ «1 s0 be beneficial in so itua§ons, where large \
: Climbing lanes and ucks or other slow—movin;%g create additional %
ngrade lanes. f . . .
\ risk for faster-moving cles @pproaching from
v behind. ‘ ’
SO : .

FIGURE 53

Advance warning of g
steep gradé _

\/

R

1
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For steep do gLadles with large truck volunyes,
escape ram an effective strategy fo, Target areas: High-speed hi
capturi awg vehicles that have lost ¢ t\g with steep grades and high trud€volumes
(Figure 5 e Study 2 (presented i, C e1%) (most common in re 1t
) ; ) mountainous terrai

illgsfrates §n innovative truck escapewa

‘ 0 ery Strategy: Es@épe d Q_

ategies should be consjderé®for improving drivers” abilit within the lane or their
ability to recover if they 1 lane, and reducing crash iy if the vehicle leaves t
\ roadway. The Lane and Shpulder Width discussion earNgfin this chapter has additio

information on t wing strategies:

_y .
% e Enhance @markmgs arget areas: Any highway with\gte
’ grades.
e Delineatio N
de

> Strat(_egy: Preventing o g the
. \ Wcenterline, and painted edgeliie severity of lane de hes. ] <
b strips <
( :. ved or partially-paved gHo A
Safety edge A \
e Clear recovery aggaNgavemable slopes, breakaway safetfhardware, and barrier whe
v appropriate é Q C)

1
E;D ment of Transportation
e deri:tplcir-!li;h:vuy ;dsrfai:isli?'uiiu E : N %




?Pat Grades
For proper drainage ement surface, there

needs to be adequate §lope jn the transverse gejpareas: Urban arterials, norm
direction (cross gfop in the longitudinal peote ool e

direction (grade tigate grades that are t\ Strategy: Adjusting the gutter profijg#

flat, measur el be considered that will
improve draiffige on the highway. <
Q @a with curbed cross secti e profile of the

as:_High-speed roadways r can be adjusted by sliglil ing the cross
AYgrades; areas where fast

Q)

"

emafal of surface water and minimi ope of the lanes. This I'Olling” gutter

Sgffad onto the roadway is esp profile that increases t de dlong the curb
\ important. between inlets, thexgb g more efficient flow Q

Strategy: Special drain stent. and removal of efqn the gutter.
—d  Insomeare re gkpensive drainage systeffs
ted”C de

inuous drainage syste e 1nstalled in areas with

s s capture the water a length of the highway se t
e pipe or channel underlyin ain can be sloped to move

the system.
E 56 Q %
tinuous drainage system.

1
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» e & Chapter 4 — M#ti trategies
: ing Sight Dist
h&gffategies for mitigating sgght gtance problems are aime iti
strictions, improving driver y to avoid crashes, and imp#ayifg driver awareness on
\ the approach to intersectigns.
Target area@v ical curves.
< Strate ig g

Stoppig Sight Distance on Vertic M/
Advaie signing (Figure 57) shoul idered
areas’with design exception stogping sight
% hnce at crest vertical curvesy TheMUTCD <
; ommends this sign be @ lerfefited with a A

ing sight distance

speed advisory plaque.

The MUTCD provides ce on the size of
warning signs ario§s highway types but no
that larger sig O

be used when appropriat

design iop locations.
U Q\anoe warning signs as a sta
N ay not be sufficient to mitigatg a design
" Sag vertical curves. n for stopping sight dj but at some
S cations it can be an effectj Qupgnent of a
tegy: Lighting. .
0 < ’ ore comprehensive ap, .
talCe is the control at
vertical curves, the t cOfumon mitigation measure gt tes ations is to install
\ ighting. "? é
Horizontal Sto ight Distance
i sight obstruction is ¢ t ier. Lower-height barriefyght
’ be considege®ifl thgse situations. There are aped concrete barriersj ight
rafige of ®Y to 32 inches that are co tw
> T rx TR EEH N eport 350 criteria at tesggle ash <

- . AR testifg with a single-unit trugleat B mi/h). Case
T -oWernieigt battier. udy 4 (presented in Chaptgr 8) illuStrates how one
tatyis using a lower-height pp€dj ier to A
Ce,

Because headlight sight

mgdximize horizontal sight dji

Target : rizontal curves.
In some cases, slight a ts to lane width or Syr pUjusting placement of lane \
the placement of th ithin the roadway cross withipghe roadway cross section.
v section can increage hNgonhtal stopping sight
distance. Thiggstra must be evaluated carefytly re that it does not cre er
safety or ope@l roblems, particularly i nes’are narrowed.

Y 4

1
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Y Mitigati tegtes for Design Exceptio
oss-Sectional Elem nage

TS reas: Any location with limited
0 ht distance.
tegy: Select cross-sectional sqme locatlf)ns, mitigatio . sures., to conmdgr
\e ents to manage speed. for either vertical or ho ight distance design
xception locations are c % tional elements and dimengions that manage operating
( : speeds so they are at gf belSyhe speeds correspondi t ilable sight distance. Foé
4

seggion with curb and gutter driver a visual cue th,

example, an urban
are in a reduced-spcgd &Fironment. A more-clo 03§, section may also affect dajy
comfort and cys ers to slow down. This str;%\ould not create additiopal ¢/8si
exceptio% <
Imp Jity to Avoid Crashes Q C)
hafe is insufficient sight disfan®@ tggfehicles or other objects on'Wge roddway ahead,
ental strategy is to desigg sRoulders and a roadside that i ve a driver’s \
ility to avoid a crash. Wi &1 rs will give
ivers a better chance to safe id a crash and Targgtigas: Any location with limited
remain on the roadwa idiffg additional clear ; @ s
recovery area on the te
'O probability of a s

{0 i .
i ill reduce the StyatedW? Provide wider shoulders a
ff-the-road crash if the Uy i zdiss,
driver leaves t y. v
Improve Dr?ﬂ'mareness on Approagh \rsections <
Ats cati®ns, the visibility of appp@ahifg intersections and associg#€d control
dey’ be restricted because of ifadeq@late horizontal or vertica digtances.
ificatibn measures can be im to make the driver mor e of the intersection.
A ce signing can be instadled arn drivers of the intersqctigpn befdre it is clearly
isible. In some situations, fl installed in conjunctiory wi

ign may further
\ Increase driver awarenggs. At Wtersections with a high istoty, high traffic volume
severe sight restrictief ay be appropriate strategigS.
d

4

pther concerns, ITS applicaffons

For example an be placed in the pav
J Target areas: th limited on a mino roach to a major highwang, A
sight distance to 2 i tion. flasher @i théSgajor highway can be inst to Warn
4 Strategy: §a namic warning of drivers icles are at the minor rpa ach, <
intersec Ntenng traffic.

endering the intersection (Figure 58 %
XS U O
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Chapter 4 — N#ti trategies
s n also be taken if the si
‘4 t.rol deV1c?s at a.n mnter Target location with limited
es include: installing sight digtalge to tersection signs.

igns, installing STOP signs o 1des of the
roadway, adding a STOR sign og the left side near the

FIGURE 59
flashing beacon

"TJ
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o m
° 2
2 a
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< aQ
8“93
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g 5
wn
o X
S o
=]
g
r:
D
Q
g
=)
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«Q
=)
o

ith limited vertical sight
distance.

E Target areas: ion with limited . . . Q
sight distance t@ an intgrsection, Anothe:r @ Improving 1nter§ect1
particularly jnteMectiogé with a history of reco #pypticularly where there is a f
i night cfgsh®@gf’1s intersection lighting @agur&g0).
tersection lighting.

1
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PERY WHEN WET signs m
wawfl drivers of pavements i
oss slope that may become e
’ Target areas: Hg dgoadways with
insufficient cross
v Strategy: \ WHEN WET signing
e@) provides guidance

@g signs for various high
notes that larger signs may e used
: Larger warning signs sh K

\ sections with normal C slope (Figure 61).
-
e
p

cern for locations wi

The ppimary c t %
in @ cross slope is inadequate drainage
onging of water on the tray,

d to
ficient
ick than

¥

t
but
en appropriate.
sidered for design exceptio

QO

O
RS

Q)
\
o)

p

(e

cations.
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Chapter 4 —
tegy aimed at helping dm intain control on slick p
and other textures that 4 surface friction (Figures€Z a . This strategy
ith &pss slopes that are either t V o steep. For PCC
e time
istin Target areas: higkway with cross
) g slopes t e er too flat or too steep.
oving will

Rgteghally and for Straigg YR Grogy¥ed, textured, or open-
A pfveptent, open-graded o]y nts to improve surface
i ’ . frigggs
oflised to improve \
megit to improve @
urface friction.

- ~ Sl ] L T =
- e e — | =
- - . —

slope. Transverse gro
improve surface drai

ith

Target areas: Any
insufficient cross glo
Strategy: | indge through
transvers g onPC pavement

and openffgrade, rface courses on

HMA pavgment
ould be considered on A
surfacing projects in situatfpon ere the cross slope ca becreased to the acceptabl
range. In some locatiogs, expensive continuous drain tems may be approprigte
(Figure 56). % Q

\ |
(‘ . Department of Transportation Y‘ > 99
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’ with insuffj
PCC pave

OV

drBin or the ditch. This str




FIGURE 63 2;

Transver: viRg to Improve surface
draina frictiOn.

w the high side of supergle
One mitigation strate

direction (Figure 64),geducing the probability of a dyj
the shoulder in the same §ir

elevation. In northernx however, a downside to this

Ly

ice or snow on the should drain onto the roadway ag4it mel

: re 64

ow the cross slope of the sRould@r can be
reak. In

paved flat

ay

o

\ gctior® This is an effective me 0
-~ prevent gravel or spf ashing onto the travel lan@s andjfor controlling drainage
the travel lanes. Ayg’additional ways to mo h
\ ) rounding ove;h regRpoint on HMA pavemen

4 Edge o

Shoulder Width

—
‘ 3 %
Paved Shoulder
Gran houlgler
FIGURE 64 :J

An example o the cross slope of the should %e a cross-slope break greater than 89 g at
the breakgajgt is Myoption with HMA pavement. \ N

1
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: e Chapter 4 — N#ti trategies
. ical Clearance

N ures 65 and 66).
uld be placed at the
hicle can detour or turn
igns for various highw

ioNile is the most common gitigation strategy for vertical cle
henever vertical clearance c re not met, advance warni
nearest intersecting roadeQr widg point in the road at whigl,a

around. The MUTCI¥p les guidance on the size of fvarni
types but notes t Ser 3

when appropri warning signs should

t i . - areas: Any highway with a
be considered f n exception locations. cture that has low vertical cle \
me locay ronic m igns hav -
some loca 'ct onic message signs have Sirategy: Signing.
been usétogrovide enhanced warning

a al warning is to combing t

sigl with chimes <
ng from a sign truss at¢he gam&height as the vertical clgé e structure
67). If a truck hits the ¢ driver is alerted that the tI will not clear the \

ture. \

Target areas: High nearby

it
detour route thaty sigRed to carry
heavy vehicles.
; rs:
FIGURE 65 %
al clearance
A o Q~

. Highways where an

@ te for large vehicles exists
inte¥State highways.
Prohibiting large vehic

1
O
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Y Mitigati qtes for Design Exceptio
F 66
ertical clearance
A ‘ \ gning.

FIGURE 67
Warning siggW
hanging chi

installgemagihe saWe aY _ S 5T <
heigfl Awertical _ ;

cligrange of the ' T TN i oy
A structure. _ v

g \ - " 2 A : - - -
Ins ocations, it may be approp ’@ rovide marked detours for
ﬁrge i icles that allow them to J§p h¢’low structure. Similar,

uck§and other
e appropriate
roftibit large vehicles on cerga s to prevent impacts wit ctures.
2 12. Lateral Offs T\ truction ;
As discussed in C , alateral offset to obstrucf @ the same as the clear zgpe}
lateral offset, by @efinigioh, deals with objects so @ roadway that there m@
ts,

adverse imp peration of the highwa xamples of these objects intifide
walls, barr@ge piers, sign and signal\ rees, and utility poles. %
102 E &
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Chapter 4 —

Z (@ar recovery area,
101.
sstfmi

ing an object cannot b

(Figures 68 and ) iggon&hethod to make the
objects more vi§ib icularly at night. Anothe
addition toagakiyg r8adside objects more visi i
est®h exceptions for lateral offset
benefits tggmProved pedestrian safety

areas w

free ofmigil obgtacles and steep slopes,&
Q or Target area Nghway with
located, the primary mitigati§fi strategy is to roadside ghst arthe traveled
1

lanes— ommmonly, urban arterials.

make the objects high ible t8 drivers. _
Delineation with refle reflective sheeting o Rllcieiaiciio otac e

"‘ g Department of Transportation
@ Federal Highway Administrati

)

to consider is lightin
ing has many other bene 8\rbem

R
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eptio

, Mitigati tegtes for Design Exc
IG 9
e speeting o
omigfty poles. . gl

N 18

i, e

= \7
' . On urban®mggifals with more than two lanes
egy to consider is distribuyfj
ss-sectional width to pg

Target areas:gAny way with roadside anot L
obstacles nea Sted lanes—most .
commonly, urb rterials. avail
. h ruction. For ex s
Straiéo arrow selected cross-sectional seWQ the obstructio . ore b
elemey rovide additional offset to the lane§, turn lanes, or medians € Qd
) i t1

s tly in order to provide adqli offset or
dditional space for on- king. With this v

rafegy, care must be taken that any operational berffitSygained in the outside
nes are not lost to poorer pefrmance on the inside lane i

will have unique
characteristics that negél®™g be eValuated before determi optimal distribution of t
cross section — traffi @ es, traffic composition, the @vailaple cross-sectional width
distang

¥ to the obstruction.

studies, and off
I , rget areas: Any highwayv\xEl I
. . roadside obstacles near th d
- Another. afjon Strategy for lateral offset 1% e Tl s <

delineagioMmof lane lines. See the Lane and
1

Shouylde h section for informati Strategy: Enhanc v
. markings.
e d pdvement markings. @ o A

=Structural Capaci

v Mitigation strategies wra capacity are not addrffed inE!"lis Guide. Q

1
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crlptlon and C
35 is an urban freewa imately 14 miles (22 km K ns through

art of Iowa’s capital city. Th ay serves downtown Res the state capital

plex, Drake University, and othgr local destinations. Q
he original freeway, @d in the 1960s, was recon t ctedlin the mid 2000s. The @
design speed select construction project w, mi/fr (100 km/h), with a p ste

speed limit of 55 m THE design year (2025) traffic Wfume was 151,000 Vehlcles

L Because the prajegt iivolVed full reconstruction, \‘% ¥teria from the current AA'

guidance ( N esign Standards, Interstate Sysfem) were used.

The reco n project focused on imps

@u safety and operations thro@ <
corriglor, a ell as replacing aging inffastyul§ufe. The project elementsg A
asfS, improved pedestriangnd cle \

idges with full Vertlcal cl8ard

mmodations, and aest ancements
Capac1ty improvements, e final cross section co of 8ix to eight basic lanes,
as well as auxiliary etWeen some of the interc

entrances an 1ts. \
e New ba%hrough the median, a% cles, and on bridges. <
o B @ ent replacement or strengtl@
fCaping improvementsQ~ A
FIGURE 72 fffgl & \ Q
nterstate 235 before "+ T
% reconstruction. |11 s Q

R

> Q e Complete interchdnge rBconstruction, with new d configurations to imp
O capacity, ra@ " lane balance, and lan co . and to remove left- halv

; @ pf Transportation '
er ghfray Administration 2




, e E Chap ase Study 1 - Interstate 35, struction
\A FIGURE 73

A nterstate 235 aftr

reconstruction.

The desigif cross section that was use much of the freeway ¢ @ illustrated <
i Swres 74 and 75. Twelve-foot (@.6-m es, 12-foot (3.6-m) outsjgle showlgders, and

% (3.6-m) inside shoulder e prgvided, consistent with F opted criteria

A@ AASHTO's A Policy on @ ndards, Interstate Syste v
FIGURE 74

am ‘ A 3.0% A | 0% |
-y
J Cross section in nconstrained locations. Note | -f023.6-m
> 12-foot j

. ide shoulders.
: . » which meant
h e added lanes, full sho Ngap#p connections, and medj jgf could be
@mmmoda’ced within the igh. Jowever, over a length of miles (7.4 km), the
1sting median was about .0 m) narrower than t stQf the corridor, which was \
not enough space to 1& esign criteria for all of the ‘c%tional elements. %

Within this constfajp€d aea, providing a cross se t fully met criteria would Have
t on adjacent land use i

significantly jficreas@ the costs and impacts o ion
to the right-ofywayimpacts, nearly $28 milli ulgphave been incurred for ¢ FoN
costs toghriden {I€ freeway to the outside, incRudiNg significant utility reloc

v S riment of Transportation 107
deral Highway Administration \
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<&

Mitigati
R
nstgained cross
section.

The Des ception

Qf theYimited cross-sectional m d the unacceptable impacfgro

Becaus

shoulder widthv

tegis for Design Exceptio
ET75

the Iowa DOT decided to purs

pOth lane and shoulder
e designers investigate combinations of lane
ifable width that would ofigniZ@safety and operations (se

X

Shouldar
-3 L}
R4m o @dm

1"y
{345 m)

a’design exception for ej
king cooperatively with

ollowing section on

inside traveled lanes o :

e 1n both the lane width

ns

~
#
5 =

1.

2%

- el 5%
E FIGURE 76 %
Cross section within th€ area tricte

Q.

- J%Hﬂ

East Bound
Pty Aux Lane  Shoulder
7 T
(45 m) | ) (3m) @im)
1.5% 1.5% 20% 3%

e to provide 8-foot im
i d
ugh this design did not e
t

. mee
adopted {88 iteria, it would function we onally and would most e ly use
cross-sectional width to optimize Sgfety. A design exception epared for

e and shoulder widths.

d width. Note the 11.5-fooj8.5-3) i; lanes and 8-foot (2.4-m) insi@ld‘.
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e E Chap&% Study 1 - Interstate 35 struction
j0RiON Measures A

itMation Measure 1: Lan

to be th

barri

ane and shoulder widths n freeways.

TABLE 23
Combinations of ang Shodlder Widths Considered

an object eptVof them on the traveled lanes. :
N’gu width for safe storage of disdbled vehicles next to the ¢
er shoulder also sligh ased horizontal stopping sght dj
e 44-inch median barrier,

i in Table 23, a number bigtations were considered, a was much
iscussion about the tradeofégassgciated with each of the alter WAs part of the
analysis, the lowa DOT % study by the Texas Transport@fion Institute related to

La. < wWiau Inside Chou. a1 Width

Reduction to Provide ¥
cri¥eria was not feasible, t

Oet (2.1-m) inside shouldegf.

redufe lane width to provide

SRR

onto the shoulder to avoi % r

anide Shoulder

pough inside shoulder wid

rjned

1.5 feet (3.5 m)—all thru lane feet (2.7 m)
11.0 feet (3.4 m)—all t anes 10 feet (3.0 m)

11.5 feet (3.5 m)
each direction

ke

11.0 feet (3.
each dirggtion

@ : 8 feet (2.4 m)
) two lanes in 9 feet (2.7 Q .

Selected design. 2 S {

were also discussed that used some of t\g outside shoulder width.

|

how such cracks wo
would place the new

P f the freeway project di t iRglide full pavement rep
exfeption area. A thick HM erlgf was placed over the exis
anes. With the possibiligg of §efl&tive cracking, one issue

ne

with the proposed lane lin

Vg QE Rositton than the longitudin t
.
cragk instead of the pavem ar s.

inclement weather obscu e

eW%ines at a different trans
pavement, there was some

e

¥

ecause narrowing the lan

hat if cracking were to occ

riment of Transportation
eral Highway Administration

e,Qluding the design %
# pottland cement concrete
?ﬁ led to be considered was \

VoS



aragwegl and by how much, as t 109@rs
ith the underlying joints aseglosdly a¥ possible
1

(Figu , while at the same ti chi§ying a wider and more us in shoulder
io\re 78). n\?\
\ East®ound
Shoulder Roadway AugLale Shoulder
g 15 12 12 ' 7
(2.4 m) m) : : 6m)  (21m),
posed
! Lane Lines
. - — P

Longitudinal

Narrower lane widths would place e hes in a different transverse positi6

, In addition to the reflgctivefrracking issue, there wer:
lanes on the two s were ultimately chosen e designers concludedthat
O ja\for lane width was not appro

more than a 6-i pation from the adopted
for a high-v eWyban interstate or for the %c aracteristics of this location. S&ond,
6-inch lane eductions, on a total of §ou e, provided enough spa

i

yside
shoulgdesg wid® enough to accomplish ty objectives. Third, the ri le [ghes <
wodld explrience more maneuvering @nd ldhe changing as vehicles e andexited the

ee lan would the inside la re, full lane widths were ned on the
ogtside lanes in each directi v
%ther elements that were con in the analysis included t XWing:
\ e Horizontal alignmeg elaftvely straight horizont gnient, with no non-standar
-~ horizontal cur % ough the design exception §tea, ghpported the concept of
narrowed I Fhe¥Otential for large vehic Ffack along curves and epcrogch
J into adjacefjt Megffs an issue that should be cOgfidered when lane widths ar&be
- studie v
8IgS. Willer vehicles such as tru s, and <
Qwidth for driver comfort. (Jperatipnally, lane
gfivers of large vehicles i er than the A

e Vol trucks and other large vehj
atignal vehicles need adequa

widtps that are too narrow m
pr@vailing operating speed #5 isguie is also interrelated wit tal alignment,
ecause larger vehicles yill §ff- to a greater degree ar ves. Although there \
is some large vehicle 1 nterstate 235, much of it bypggSes'the city on Interstates
80 and 35 along the nmd west sides of the met a (Figure 71). This fact also
supported the co oMslight lane width reducti ge vehicles in the innermo@
lane will alsofbe adjdgnt to the 8-foot inside shfulde ich increases the com
for driverginhat 1gne. A @
; |
110 Qi e 4 e:r:\zs;?:?;i?:ﬂon
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ase Study 1 - Interstate

pared to most rural

width was not a c

ptigation Measure 2: En

o deal with the concern
cracks, high-reflective pav

Because these pa % markings are recessed, thef als

application coptpated  flu
and ice re

flightly higher during non-

fr,

puting factor to the crashes wifhin t

avement Markings

justed lane lines not matc
ent markings were used to

sh, painted markin ar

Miti easure 3: Lighting Placer?
0§t inside shoulders providesmgce fop emergencies and incidgms.
vay, tor most maintenance aé @ requiring vehicles in the “@ final
iffgation measure involved iMyjghtion of one importan’% e operation in the A

e outside, where there is mi

Chap ]
imit ergfate 235 is 55 mi/hr, with i
p . The lower speeds of aneggbal fréeway, as
aygand expressways, also su & proposed design.

Substantive safety. Crash dia from the 1990s were eval

ifed to the outside of the fr

aRlg showed that shoulder

esign exception area. @
FIGURE 7

Inside lage

Xp with potential reflecti
ter ¥lelineate edges of the 1

uire less frequent re-

ore prone to wear frm

is insufficient, <

rough the design

pace, instead of within th

ception area, instead Qf on§op%ft the median barrier (Fig% his allows lighting

i pighe inSide lane. Another reaso
doing this was to vehicle intrusion with ligQ ®s when the barrier is strucl{ by

large vehiclegfIn't

lighting w, @down the median (FQ 4

#l width and a split m@ f

riment of Transportation

eral Highway Administration
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Mitigatig Yrong tegtes for Design Exceptio

ighting was placed
@n the outside of the
freeway through the
design exception

&

Brai)
Lighting was pI N <

Q Discussion \2\ Q
The Iowa desi n@on illustrates the use of tfgas a mitigation measure. f
simply usi@ widths and writing a %e ption for shoulder wid% a
0

DOT went tRgbugh'a thoughtful design pr& t led to mitigating the narro

?\ \
He % ‘ R ,f:zss,?afz;iz,ion C
(\2

Vo X -\




N\ AP\ N
, e Chap ase Study 1 - Interstate
byfist all amount of width vegal lanes on the freeway t
ugéfable shoulder.
%e though the slightly narr s were considered appr x
\ atment may not be approprigfe for every location with lift i idth.
important to analyze cati®n and its particular conditionSy .
Q Issues such as hi . truck volumes, horiz i ent, terrain, speed, and

0
sectional widt ifable would all be variables t ce lane width. In this t ,
! even the methodjo ement rehabilitation sitg:specific issue that influengehthe
and shoul

T s.
Good,so \&f information related tgdaneNand shoulder widths on urb ys include
mary Report, Safety Effect, % arrow Lanes and Shouldgg=Mge Lagles to Increase

e Capgctty of Urban Freeways (htt wW.tthrc.gov/safety /pub 001.pdf) and
Report 369, Use of Shou j

The process that was foll
v good model:
1. The Iowa ewgluated concepts that would'm
, identified §he infpacts and costs of meeti i#€rig Defore developing desig
O , a atives. This included a beflefi®{gfst analysis of wideninggthe tfegway
Ao S

@e. A clear understandin\ the social and economic co

Th&Iowa DOT worked coo ith the FHWA Divisio number of
i o)

agencies to

determine the optimal oulder widths for this part

3. Research was consultdtfo btter understand the pot Qpacts of narrowing the
\ traveled lanes. ?

4. The crash his
that wou @
-
5 | pffiti

Sev

, . HAion measures were ev implemented.
6. %51 exception was clearly Mted. Initial review was i Nn he
e
b a

nmaking process that took plg€e between staff working o

&1 the DOT and the FHW®jnal feview and approval wa irector of the
OT’s Office of Desi WA Division Director.

-

ign criteria. The desi Q

gy ofg§he location was evalua particular emphasis on ¢ @
ansitive to shoulder width.

knowledgeme% \
v Mike Kennerly, Dir N of Design, lowa DOT ; %

Andy Wilson@p rtation Engineer, FH vision %
ety Engineer, FHWA Iowg Di\isi v

riment of Transportation 113
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Y Mitigati tegtes For Design Exceptio
Proj gscription and C \;

h& T ep-Buffalo Highway (IS, 160is a rural two-lane highw
X National Forest in north-cen oming. The roadway is cl
) .

s into the Big

: N
if18l as a rural
mitS in some locations. A

ide variety of motorist @ p highway, including loggifle opegators and drivers of other
heavy trucks, U.S. Fo g€ personnel, school bus g rists, outdoor recreatio
< ’ users, and bicyclistg! 1gn year (2019) traffic vo 2,080 vehicles per day, &

! 23 percent truck traffic. \

N The Tensle m&; ighway is situated within t; Rocky Mountains in extre
4

challenging phy. Much of the hig ies bétween a steep cuton t
% hrea has immense naturgl r&@gourges and
y ®designated as the Clo i A

erial, with a posted speedglimit 0§55 mi/hr and reduced s

and a anyon on the south (Figur
specfiaculag seenery and views. The hi
ugh the southern part ofgh

-mile (14.4-km) segment of ¥Qe

orn National Forest (FiguRg€84).
way was reconstructed in 20 sons for the
ect included pavement re ent and safety improvepwens, begause the highway had
a higher-than-state-avera aslrate.
FIGURE 83
The stee on

@gtonstrai nts @
site constraints of the
mountainous terrain an

-Buffalo Highway project a the steep, \
itiveé environmental areas (Figure ). Challenging soil and
geologic conditions, i §

lide areas, were also p < ’
One of the majorfprojegt Stakeholders was the U.QfF ogest®frvice, which is the stew, f
the Big Horn

: @orest. The Forest Servic espfd that the project cause m a
@ lapact to vegetation, wildlif uftic Mte, waterways, and natuv
; @ pf Transportation ‘
eral Wighway Administration

Y 4

C
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Chapter 6 g##CaseNudy 2 - Tensleep-Buffal

ithin the forest. The s dig§ area is an elk winter re
route. Minimal disrup creational users of the f

FIGURE 84 \
\ he Tensleep-Buffalo g
% Highway leads into the ~ EREg Q
»

Big Horn National
Forest in the Rocky ‘

MOK
® LW

e ¥ . v

Alternatiyephigitments were considered b €
grades an§ horizontal curves to meet degi#n Miteria would have invo
ntdins. The environmentalfmpa ould have been sever
e

@@‘orbitant. For these reasqns, hway was essentially r
1i ent. @

Q)

" . Department of Transportation

@ Federal Highway Adminisirmiono
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O S ceptions \
65'm

Fg;%

A massive retaining

all illustrates the
difficult site constraints
that were

The dgsign sp&ed selected for the highG s i/hr (100 km/h). Q

length, with significant
% steepest grade reache erceént.
d . .
Horizontal A“%

speed, the minimum r

this exteptghe sharpest of these had a radius

f 45 mi/hr (70 km/h).

% icles per day. Six-foot (1

O

selected design speed an%ainous terrain, the desi Aa specified 5
ef¥ent maximum grades. G eXeeeded 5 percent for app %ely 4.5 miles (7.3 km),
r about 52 percent of the pro ceéeding 7 percent. The Q

=

590 feet (180 m) and a corre
f 40 mi/hr (60 km/h). '@ the curves had radii with c@ ing design

Q.

Qder Width \
sign criteria specified shQu idths of 8 feet (2.4 m) for rugg#arterials with traffic
v volumes of more tha i shoWlders were used. 0

O
RS

)

(‘ u.s @ pf Transportation
& eral Righ#vay Administration

encountered. @Q
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N\ AP\ N
, e Chapter 6 g##CaseNudy 2 - Tensleep-Buffal
j08gion Measures A
e e of the extremely diffigiglt eMgironmental constraints, w:g OT was faced with
sign exceptions of large ma —both in terms of the JlengiiyoMNhighway that was
atfected and the degree of devidgion from design criteria_Bgcaf{se nleeting all design criterj
was neither feasible n Nropriate at this location, thefchall was to make the highway,
as substantively saf€ asf\gogsible. A
Mitigation@ . Advance Signing Q \
A major rigiga measure implemented by Wming DOT was advan%g.
. o

My
%,

Signing ar, simple messages wag#Pagvided throughout the proje drivers
ad warning of the steep grad @
ell a oming safety features gfichgs

86) and sharp horizontal c@rves fFigure 87), as <
hyflke-test areas and runa r amps
(Rigurg@’88), discussed later in th iguf. Both conventional and e signing was
throughout the projectqlhetlectonic sign shown in Figu jsequipped with a \
radar speed detection deyi essage on the black panel befgw the sign displays
LOW DOWN, when % red speed of vehicles is ich.
FIGURESs 7 4 % . ' LB AR . T R N
'3 Signing for the steep. W&+ 2 i) ow Kl b, N < V. )
) ™ | .

" E Department of Transporfation
@ Federal Highway Adminisirmiono
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tegis For Design Exceptio

Advance signing for

@easure 2: Truck
O

Miti gatzb@

¢

FIGURE 88

the truck escapg? |
ramp.

S

r mitigation measure ta r e steep grades was a desi
kers can pull off the highgaWand check their brakes (Figu

2 brake-check area, there re%gvera® other pullout areas:

An interpretive s 1 tQurist information and vie

Three small Bulloufareas where drivers can

necessaQ~

120

1

l’ k Area and Other P

ft

rea where
addition to the

v

lectronic signing provides
nhanced warning for the non-

standard horizontal curvesQ

¥ roadway completely, iQ~

v

"‘ u.s @ bf Transportation
L 4 eral Wighway Administration
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: e E Chapter 6 g##CaseNudy 2 - Tensleep-Buffal
o PA pullout area for viewingmge@logig’ formations. A

o me-check station. \
\ A road closure turnaroun% to close the road during wi orms and redirect Q

drivers back to Buf
The mitigative saf f these pullout areas is t@ive drivers a place to
< , completely pul roddway if they have car t r other difficulties while e
2 traveling a highfa steep, mountainous tgrrar
N
4

i 1
Q: ,E,:ﬂc;’.';;e.:;‘:i;r;:::;::‘;,,...i,mO% ‘ & 121



NN

Y Mitigati tegis For Design Exceptiog
FIGURE 90

agga provides tourist

inf on and spectacular

views. Several other small

\ rnout areas provide safe
laces for drivers to pull off the
Q highway. \

\/
> Mitigation Meas
i d By the Wyoming DOT w

An innovative e a
escape rampaghat ith ™proprietary arrestor system
(Figures 91 a g otgh the value engineeringgfrogess.

Thirteen meth@ds were evaluated, with £i
Mconstructed was selected bflsed

overall improvement 8 s

ructability, lower Coﬁ ts, and ease
FIGURE 91

Runaway truck ra

with arrestor sysi€m.

D

preferable

S

; @ pf Transportation
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, e E Chapter 6 g##CaseNg¢udy 2 - Tensleep-Buffalgdli .S.
B r econstruction project, a scgpe ramp had been locate ther side of
adWay, near the same locatq new ramp. Trucks thatd@st c@ntrol had to cross
h osing lane of traffic togise tg ramp. Finding a suitable ion'®h the right-hand
ide was challenging and wit%yon on this side of the higliwaW an innovative

method was needed for capturifjg trucks. The end result afePramp that no longer Q
ing lane of traffic. < , @

required crossing the

FIGURE 9
Runaway truck ramp

A nearby ramp@gthe
%ft e

traffic.

1
X,

Q

Electro g is used to alert drivegs

ni
is ga ture§by the arrestor system, gssigi¥gl notifies local law enforce
ivate the flashing beacons (Figurg 93). Wyoming DOT mai

Personnel stop
oved.

Kgfaffic while the system j ghaired or when snow is b

4

\ce; E93
ctronic signing provides adval
warning when the truck ramp |

1
g, Department of Transportation
e Federal Highway Adminisirmionoi O 123



Y Mitigati tegtes For Design Exceptio
Mitigetti sure 4: Climbing L

y steep grades, high truc es, and limited passing nities, climbing
ure 94) were added thr he project to improve opRgatigns and prevent

\ rous passing maneuvers. Q

% FIGURE 94 Q < ’ A@

Climbing lane.

\ itigation Measure 35
The steep topogra % ade it difficult to provide
-~ .
drivers who hay, e road to safely recov.

)
| ’ factors that co teg® run-off-the-road crashes)
strategicallyg thrQugNOut the project to preven

L O
O &
SIS

@]uate clear zone to allow,

e des and horizontal curvegar
yoming DOT placed

ashes. é\ <

g

"‘ u.s @ bf Transportation ‘
O o eral Righ#ay Administration 2




Guardrail on the
outside of a horizontal

Discus

z-standard design eleme

Mitigati &ineorporating safety imp
integral of the design of the Tensl o Highway. The Wyomg
ilfSegates the value of implementi uljple mitigation strategies i 3
@ ply difficult environmental gonsti@ints. The following miti
smplgented:
Advance signing, bo nwgntional and dynamic, wa ide® for the steep grades
\ and sharp horizontal 4
e A brake-test gflllo® area was provided for trucls. Oth&g pullout areas along the gbu
-~ allow drivgrs Rypull completely off the roa if ngfessary.
’ e Aninn @uek escape ramp was pro a critical location.
> o Clin™igd\lanes were provided to allo%assing on the steep grades. \
rdrail was constructed to t run-off-the-road crashes.
hYyoming Case Study is 3460 model of context-sen .Ina
cRgé n
a

. .
m@untainous area with im ral resources and natur. y the Wyoming DOT
that blends in with th owpdings and follows the \

constructed the highway i
natural topography. 1 design criteria would haveggentheither feasible nor

appropriate in such a%etfigg. By making safety impgemgment$ and implementing mitjgati
measures for the nexceptions, the project is ¢ @ | to have a positive effect off the
substantive sgfety of€ghe Tensleep-Buffalo Hi% %

. Department of Transportation
e F; erl::TJHigeh\n.vu)«r Ad;?nisic;mion % Q 125
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CHAYTEN. 7

C=se Study 2 - state Route 2y

® Reconstriiction
Q Project% "
L 1o

urban arterial in

\ Severa k ies —Seattle, Washington Ar;
y i ‘h

NS
Q Stle R 39 C)

P
p ﬁ"|
[/

O Postiand Apa" %
/

Q FIGURE97 [

tate Route 99

allels Interstate 5

through the Seattle

\ metro area.

Segments of the
highway have been
_y reconstructed througd
the cig€s

Seattle, Waghiggio ®
k] Q O
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Y Mitigati tegtes For Design Exceptio
Prog cription and C

Stal e (SR) 99 is a major urbgg artegial in Seattle and surroundj
it\functions is to provide regio bility. Itis an alternatige,

\terstate 5 and serves maj Q
ternational Airport. Trdl

example, average dai

Q For the cities and t i
L additional functigns\ It 15 considered a “Main Stre
0 10

N provides acges
4

ty and operational proble
mi/hr, with slightly high

classification, S some

R Improving safety for oth ffedestrians and motorize was a major impetus for th
reconstruction p t g SR 99. When comparedyw

O of the highest cr in the State. Crash severitie
also high.
Beginning in fhe 1990s, several cities alg 99 Qeveloped comprehensi

MRat proposed reconstructingfhe h ay and redeveloping agfa
ghe plans was to develo idg¥ that would enhance the
he

cor

C unities. The fundame
ection with uncontrolled acc

At the same ti
J arterial for progidifig y€gional

O
&

commodations were limited

oyé€ safety, and create a m

38,000 vpd.

i ighway consisted prim y' i-lane cross section wi Q left-turn
laneS(TWETLs) (Figure 98). In ma asgtrip-commercial develop the
ant land use adjacent %i ay. Sidewalks and ot trian

ck of access control along %ay contributed to
osted speeds in the area con§truction were 40 or 45

erating speeds in some are

5
%
£
2.
=
(4]

n
o
5
@)

ghways of similar fungtjona

t and attractive “Main
n for SR 99 was to transf;

limited pedestrian facjliti

128

e @ or the
tYafid. The

ecoffomically,
ugh their
e, asphalt cross

re 99) into a tree-lined
e envVironment for both

\ oulevard that would videQ safe, welcoming, and atgac Q
pedestrians and dri ure 100).

e Wés a consensus that the ay*Important function as a major

mobility had to be Mdintathed. With the highway+* le

functions, ayooRerative relationship betweenv unities and Washingto Xwas

tvér&'onal

critical Xso} g complex trade-offs and finffing the proper balance be
mobjlity cal goals. Q

egiorigl destinations, includinggdhe®§€attlé-Tacoma Q
@ umes are high along the efitire c@rftdor. In SeaTac, for @

& f Transportation
r ghay Administration



E Chapfe? 7 X ase Study 3 - State Rou

SR 99 before and
after reconstruction

in Des Moines. The
five-lane cross
section with a tw

way left-turn |
was common

1
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I 9

99gbefore

eC ction in

aTac (top) and

V eline (bottom).

te the wide paved
shoulders, lack of
access control, and

no sidewalks. One of
the primary goals of
the communigjé
along the hi
was to create a

o

4
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ph#fay Administration 2



E Chapfer 7 X ase Study 3 - State Routg#99 struction

ments to SR 99 A
e goals of increasing roving pedestrian ac , and creating a

’ CcO a
ore attractive corridor, the cf evelopment plans includ lXral specific proposed
\ improvements to SR 99;

e Replacing the ¢ TLs with a raised medig mmodate tree plantings
other landsca@ing? pr&¥ide a refuge for pedes @ and Improve access contro

(Figure 100 t frns would be restricted to Agjor intersections, and some tu

L areas w provided at selected locati igtire 101).

> e Provi &dditional improvementgg®ppedeStrians, such as pedestrigeigiging,
i veet crossing points, and imf @ ransit stop areas (Figures 102 an§ 103). <
Ad@ling HOV or bus transit n gach side, as well as tree sidewalks, and A
ighting (Figures 102 and 10 gh use of the wide paved showlders as well as some \
dditional right-of-wa jsttion.

v e Consolidating and de )Xiriveways and other ac ints’ (Figure 103).
e Placing utiliti(un: dénground (Figure 103).
p e Aestheti a ents (Figure 100). A
O \ FIGUREOO

et

ovements to SR

wing'of proposed <
3o in Shoreline. Q_
) ‘

b %
& i s -'
\ i B
.
<

1
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: Chapter e Study 3 - State Route 99 @uction &

IGYRE 103 BEFORE
9 ore-and-
\ - PRN
€8y o e e DN B

constructionin |

Des Moines.
Conditions for

%edestrians along the
< ' corridor were greatly

improved. [ "N

»

\
AO :,, Q e Acmimvaion ‘\Q~



My
%

“’O

v

sign Variance

* ne‘area of concern for the i i ities’
clusion of trees near the road¥ay, both within the medlan
outside, particularly f.

40 to 50 mi/hr. Pl
zone criteria. T

pedestrlans

& Study 3 - State Rou 6 ;gstructlon

n DOT with the cities” redgy ment plans was the

Even tho zone is not one of FHWA'’s %olling criteria requiringa
design e n, the Washington DOT jfeblgwed$a similar approach. Thegewis
prob SR 99 —with both hi ptes and severities—was a

mpacts of the proposed d

f ements for both the D
fect safety were carefull
@ plemented several mgasufgs
i g@

along SR 99
data col

m

ediar@ns, tree strikes ( Flgure

'

) ) E Department of Transportation
@ Federal Highway Administration

i#ure104) and along the

9 igh-volume highway such a ith speeds in the range
t1 close to the roadway djd t Washington DOT scl
r&Mlso concerns about the j @ ‘o cting the drivers” vieys o

a

tivation

crash
) \
figg/Cities, so exceptions to igsfcriteria that
d. Working with the citi T developed
onitor and mitigate th%' 1 adverse safety \

@ B . FIGURE 104

O s clear zone criteria, t
entered into thew1¥gervice Evaluation of Land ¢ d1ans Agreement” wit
. A keyjprovision of the agreem i ed that the c1t1es particiy

cities agreed to provide

Median tre
anng S

&

O



Y Mitigati tegis For Design Exceptio
withigfth ject areas. This part of egghent was critical because
w 1Y diameter at the time of i& gllection. City maintenancegper§onite]l could
proyidei 1 trees that broke off an re the crash severity
ow enough that drivers left t eme without a crash report be d (Figure 106).
&o er key provision was g comnijtment to implement miti medsures — up to and

ormation on impacts yith sMa
including tree removal —§ anted by the incoming crasif'i ion. The goal would :
datigh strategies first, if possj asking the cities to
remove trees.
L Results of the iﬂ:e aluation will also be us luate the Department®

N design crite 'z\ ke modifications, if appropri?.
4 The data ctd for the in-service evalu @ e summarized in Table 24. @r cords <
weregfollectgd for 3 years before the r 4CHON project and for 3 ye
consfruction. Because of the rare a o nature of crashes, short d-after
ieS*#fe often ineffective. The lo collection period, the r Wige probability that \
afa are truly measuring tgr attributable to the changes 1 efore-and-after
itions and not just the ra variation in crashes fromgeear to §ear. Although an
even longer collection pe 1d further increase this p '@ ty, 3 years was selected as< ,
a reasonable and pragffcal tifhg frame for this study.
FIGURE 10, DN T\
O Impact with tree i A ’ & &
median (Se

&Y f Transportation ‘
r ghay Administration 2
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N/

URE 106
nformation from City
maintenance

personnel provided
data on tree impact
that were not

thé&impact on safety

afhe trees mature <
(SeaTac). \

v
O The evaluat -’ Wrrently ongoing and thegaifalgsts consists of two parts. The
before- t8y comparison —identificat E&ignificant changes in safefy perfogmance
before an§¢atter construction and compgri o similar facilities statewg e second <
of t ical models designed to factors that
IWfor'the median, which

al designs were used
or mple, sections of SR 99

1 provide control secti
within Kent did not inclu line used trees within
\ raised medians of yagyving -profile barrier along the seggi
that had trees in @ re information).
_y
SeaTac was st @ ludtion was conducted. Thg cra

J records an 1gh percentage of tree hits& urring

- where diah narrowed adjacent to 1 anes. As a result, trees w planted
int arrdw-median areas near intersectfons in subsequent phases o ac <
co ion project (Figure 107

O & Q&
SR
v Ae

\A \
i 1
e F 'gzﬁun?;eﬂ;i:r;ndﬁ?:?;iruiionoe 137 < :
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-and-After Data Collected 2
Lane widths

e Horizontalc tur

. QO
(including TWLTLSs)
sections

Median locations \

Level of access contrg

o Left/U-tur
e Medjan and Qutside tree counts and types

presence

Traffic characteristics
v erage daily traffic
Speed limits

85" percentile speeg

9 QO
SR

Median and Rc adsid¢ Features @
Median width ’
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E 107
n the in-service
tion showed » \

i

that many tree hits
ere occurring at the
narrow-median
locations adjacent to
turn lanes, trees were
no longer planted ig

My
%,

1
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e Barrier %
oines, an innovative lo arrier was used in the m

i x&hield drivers

Y he trees as well as light polesfand fixed aesthetic features ré&NL08). The barrier
d successfully passed th€ tc8level 2 (45 mi/hr) crash tesyfCriteriayf NCHRP Report 350

he barrier terminates g1 ped-down end section thefmedian narrows adja
to left-turn lanes (Fi ts
2 median area near i \
At a height o inches, the barrier has a min%sual impact. As a mitiggti
i ‘&ier is expected to reduce sevgrities. It may also hav ct on

ored in Des Moines as in-service evaluation.

‘ URE 108

Des Moines.

e
0 ents, potentially disco rossings at unmarked, mid-bloc
acts with the barrier, pgdestri ashes, and speeds are ariables
t

A low-profile barrier was use %
along the median of SR 99

® :
s o trees or other fixed, re placed in this narroQ@

K

* E C ? @ 5 ,.i:f:::::‘:;:::m., 2
.







oncrete barriers

have passed NCHRP
Report 350 test-level
2 (45 mifhr) crash @

testing.

e rgtonstruction of SR 99 withifMgevgfal communities in the Sea illustrates the
ortance of monitoring t orMance of design exceptio 180 after construction. \
For these projects, the W, DOT established a formal infg€rvice evaluation
agreement with the cities ed. Several characterisj Washington’s in-service
evaluation make it del:
e The coopera een the DOT and the c asgritical for a successful d

collecti elying on crash reports aloge ld not have been as effgetive

| N
oS
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J St. Martin, , n Milton, Mark Halle
> In-Ser uation of Major Urban Arteri
Waghifigton'State Transportation Center,

on e
thall can be obtained in a m
tigation efforts are sorgeti ropriate.
&g e information learned from the in-service evaluation t

jcations, if appropriate. Th

A ve Olson, Washington DO :
\ Samih Shilbayeh, Washinggn DOT
Referenc Q

be the trees were small d
ot y€ported. By supplemen
maintenance perso th
and accurate data set and

The DOT and t
tree removald

searchers were able to co
e insights about future sa
trees mature.
intly committ
e

as, if warrante

o,

ta collection period and i
data with the unreportegi,impact i
% ch more complete
rformance as the Q

ed to impl t mitigation measures, inclu
d byt mifg crash information.

ormance, some change e Made quickly, before

By monjtori
compléged® example, when it became e in SeaTac that many

t¥he narrow-median areas agg

The Washington DO
evaluate its inter

D G
d ga om speed studies and et behaviors
time frame than crash s m@uicker, proactive

ent t§ left-turn lanes, plantin
5. As discussed in Chapter@,

knowledge ob om this evaluation is alsogkp&gtedsto assist in d
when similar gropo8als for exceptions to DO i fteri
projects.

t. Martin, Washington

Ackn ements \
Qbin, Washington DOT
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jes¢’Description an t

0in Los A nstructed in the 1930s, Xﬁrst modern freeway

tat®Route (SR) 11

the West Coast (Figure 113)§Also known as the Pasade

Engineering La

Along so
hillsides$
desi

i trigl context.
d culpural features along the
1 ir.

The Arroyo Seco Parkw

(AADT) within th
8,300 vehicles. T

a
1
C ature and

ighway types. There wé
involved the median barrid

rage operating speeds. M
horizontal stopping si

&S
heW€alifornia Department Q
A fof the corridor. The datg ind

nts of the highway, drivers

ountains as they travel algng th
& areas, the highway has a

plan is being developed@

iX¥ane freeway (three lanes in ea

19 s
dogvnt \os Angeles. The 2004 Aginta]l Avérage Daily Traffic
t limits was 105,000 vehicl p with a peak hour volurge

0
COTHi

\/

has extremely constrag

ation (Caltrans) condycte
a crash rate about twice

© , SR 110 was

and regp@meNthe Arroyo Seco Parkway

designated a Californig#igtoricWarkway in 1993
The Parkway has a @ f historic structures (Figur@114) 8nd incorporated many
innovative high siggfteatures for its time. I ighated a National CiVﬂA

rkgby the American Society o gineers in 1999.

t wds
ore n and

erience scenic views o
reeway (Figure 115). In

prove views, and bea

e

s a posted speed limit of 55

es along the corridor d¢

travel lanes .35 meters) wide, and th

inside and long much of the corri igure116). The horizontal
also extrgige rvilinear. Much of the I &7‘,

even hi;% :

3

resulting in 111 injuries an®dfatality. The ana

of crashes at entrance and

showed concentrz
causal factor iggthé bd acceleration and dec
ar

eing developed to impr

1 other improvements to e
aintainability of the Pa

ke

ro$¥-sectional width. The tk

the historic
of the areas in

direction) and is a major

alig

car crash analysis
ge rate for similar

: e
total crashes over this ti \od. Of these, 324 crashe
lysis also
effit ra and concluded that a p y

jon [engths.
Several prdje fety of the Parkway. %
project%e eplacement of the w-be e®jan guardrail with concre &
Anotm j8ct is for geometric improveﬁ% an interchange. Therey

i{icagion project under develgpmgnt that includes contextually gFpr
feffeing on top for access cQrfgo

1er.

iate barriers

ancdthe appearance

o

QO
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FISOR
stoge structures
g the Arroyo
Seco Parkway
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he San Gabriel
Mountains on the

horizon illustrate the
Parkway's scenic

context. @
FIGURE 116 %

: The Arroyo
, Parkway
g S narru crossgection,
O . acu

e e alignmegft, and non-

andar®interchange
@ metry.

v

CS)e Constraints Q~
Q The historic structure 1§toric context of the highway ajor constraint in termg of
v meeting current des 5szria. Caltrans concluded that the §mpacts to these historic

elements would Mgt

ptable. In addition, a off Aized river, the Arroyo Seco
parallels SR n the east, constraining the a yss-sectional width on t?

(Figure 117). Wevelppment adjacent to the hj y and the interchanges furt
major tri®#fhprovements in some loca

1
SEE Department of Transportation
e Fe er:l Highway Adminisfmﬁon( : 2 O 149
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IG 117
Ao Seco
annel runs

adjacent to the

Parkway,
constraining its
Q width on one side.

O The D RS Exceptions d\

Of the 13 §@ntrolling criteria, eleme %ot meet current criteri, o@ Arroyo Seco <
y include lane width, shoujer (both inside and outsj ongbntal
% nt, lateral offset to obs , ghd stopping sight disQ
A itigation Measu \ ;
\ Mitigation Mea - EValuation of Barrier Hﬁt)ﬂ Q

-~ One of the migat asures cited in the dogjmg tigh for the median barrier ct
’ was to eva e of a shorter concrete @ Mapbarrier to maximize horizegtal
stopping sight nce. Caltrans’ standa edan barrier for urban freewgyS\is a S#gle-

4 slope barrier (Figure 118). Barrie
* n .

the optimal barrier hejght is b@ing evaluated for this prgj
ral Site-specific characteristj @ , ir§§, large trucks are not
itted on the Arroyo SecgfPagkway. 0 bVIdE greater A
e

as 32 inches has been use er <

formance for containing'gn ecting large trucks, but w e truck restriction, this
barrier function is not adggtoy Ah additional advantage o Darriers is that they can \
shield headlight gla k n be especially beneficial on¥roadway like the Parkwa
with a curvilineagali t. A consideration for adBC@8on With a historic context is
barrier shape that'is conducive to aesthefic fatrdents. Constructability is an@ther
factor becausg so rrier shapes are more ight ffConstruct through the slip®

forming gemiPwgens. A

: o : ‘

150 E Q. Deparfihent of Transportation ‘
Fed@palMighway Administration 2
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AN State Route 110 (The Ay
izghtal stopping sight distarffgeN\gIgyfever, a
ighi with barrier height willdgge copdu€ted before a
i i \

\A'IWA'S Roadside Hardware site provides informatio ynensions on barrier that
meets NCHRP Report 30 @gash test criteria. The shortesyg®ertical-shaped concrete barrier

that meets test-leve @ teria is 29 inches. See the fQllowihg Web site for more
< ’ information: htt fe wa.dot.gov/roadwayfdept/T®8d _hardware/index.htm.

SEE Department of Transportation '
e Fe ertfl I:igh:vay Adlf'li:istfrmionOE @O 151

)



&V

Q

FIGURE 11

K

Pull-off

provided M

algng thengut T repereRt
C;?xes | feawgige

loNg the Arroyo Seco Parkwa
y along the outside (Figu

: MitiQStr egies For Design Exce@ ; ?
jgati®h Measure 2: Pull-o S
sting mitigation meas
f areas that are provided pe
\ provide a space for disglled veRicles to pull off the highyzay,
can prevent blockin gh travel lanes. Call boxe§ wit
Q some of the pull-gff‘are
4

hottder width is pull-
The pull-off areas

Y

efephones are provided

o, e -
. o '

ichimproves safety anj@Q

Q. Deparfipent of Transportation
Fed@palMighway Administration

A
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, e E Chapter 8 — Cas AN State Route 110 (The Ay arkway)
i Measure 3: Delinegj
rg¥ide better delineation of th&gharrow lane and shoulder wl\ the horizontal

rves, Caltrans has provide d delineation. This inclu ised pavement
arkers, pavement markings wWith high retroreflectivity, an ectors along the future Q
concrete median barrj “ ure 120). @
'i::___ 4 ilGUS 12
s o ) N X - d
: 3 T ey Bglineation
i\ Y ve ’ 1Y raised

pavement
markers and

_ 4 i NS pavement <
1) : S o markings with
, _ - . s high
: 3 g W retroreflectivity. \
. s Reflectors wi
- o/ : : B | alsobe
N i ¥ along t@

Ty
C
8

congre

SEE Department of Transportation '
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Itj ta Measure 4: Signin A
h8ggfare a number of advan armjng signs along the corrid th OF the mainline and
the ramps (Figure 121). M e curve warning signg ar ined with advisory
® speed plaques.
N
4

FIGURE 121

=

ifigation Measure 5: A ane at Exit Ramp A
A nother project along th y involves improvemen %exu ramp at State Street
\ near the corridor’s northefgflimits within the city of Pasgd e ramp has non—stand@
t

deceleration lengthsf§gure $22), and reconstructio ulgriteria is not possible due
- site constraints to improve safety for exit@ers and drivers behind
auxiliary langfis heifggfidded upstream of the , el to the through travel 1
J This will alloWgexifghg vehicles to decelerate xiliary lane instead of tside
> traveL\Q é\ <

4?

Q. Deparfipent of Transportation ‘
O Fed@yg ghway Administration
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FIGURE 122
Geometry
State StgetN&Xit
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| ion

heWArroyo Seco Parkway ill
nstructed at a time when lesSg#as

\ highway safety and opgfations. ¥n this case, the highw SO
as ariver and deve -@ ear the highway right-of-way. The impacts associated wi
< ' reconstructing thi€'type @ffighway to meet curre e e often unacceptable.
N
4

The choice of m&di

cons

c ighing of these tradeoffs
lum@ and composition (large
u maintenance requirement§, a
Th

is case study also illus
with a smaller scope
impact measures s

themselv eight and type of barrier aff 1zontal stopping sight dist
ability t %n and redirect large vehiglg

ity. Looking at the charag

3R

e challenge presented b
own about design criggr,

arrier illustrates the traggoffSssociated with mitigation

S QQ§> Q

Nhighways that were
) ts relationship to Q

heaWQllight glare, aesthetic congi
s of each specific site is imjorta the

or the addition of an

Q auxiliary lane for lecelgration can have a significagf s pact at some loca’ciomQ~
p
O Ack @'@m A ?*

Ramico, Senior Transportati

%
C ang,
A issa De

Transportation E e trans

La Pena, Project neer, CH2M HILL

now ents \
Jim Delu roject Development Coon@ altrans <
ngifger, Caltrans @ Q_

Q. Deparfipent of Transportation
Fed@palMighway Administration

A

@ rroyo Seco Parkway, i gtory, traffic <
urrently prohibited), h lignment,
ontext are all importangygaridiles. \
N‘ itigation measures can be iff{plemented on projects
jSets or safety-improvemey jects” Lower-cost, lower- (
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