






































Other Sign Types. Other types of signs may be used on bic}rclc tacilities, such as remporary trathc control signs. Temporary trafhic control on facilities shared with motornized traffic should conform to
Part 6 of the 2009 MUTCD, On shared-use pathways, temporary trafhc control should conform to the general principles and concepts of Part 6 of the 2009 MUTCD. Although the MUTCD does
not include any bicycle-specific Typical Applications (TAs) at this time, NCUTCD and FHWA are developing TAs for bikeway trathe control for future MUTCD editions. In the meantime, existing

TAs found in Chapter 6H of the 2009 MUTCD can be adapted for pathway work zones. For advance sign placement and tapers, a design speed of 20 mph (32 km/h) should be adequate for most
expected conditions; higher speeds may be considered for pathways on downgrades.

Maintenance

Mthnugh signs, posts, and mounting systcms arc I:'_l.-'picaﬂ}-' dcsigncd tor |Dng service lives, ptrindic maintenance may still be necessary. Sig;ns are vulnerable to dﬂ_magl: from g;mﬂ’]l:i and vandalism,
especially in urban areas or on low-volume facilites. On pathways, signs are typically mounted closer to the ground, which may make them more susceprible to damage, vandalism, or grathe. On
pathwa}rs with lower user volumes L'da}ﬁ night. or both) or areas that cannot be rcadﬂ].-' seen from uccupicd areas, there may be a pmblfm with sign thett. Missing signs {c&pccisll}r warning signs) could
placc an agency in an adverse tort li:;l]:rﬂir_l..r situarion if a crash occurs ar that location, Given the signiﬁcant INCICAse 10 Caw cnmmn-dit_i.r Priccs In recent years, thett of rcq*tlablc metallic items from ﬁghtly
traveled or unattended pathways has become a notable problem. Agencies can use non-recyclable sign panel materials, such as wood or plastic/aluminum composite, to reduce the scrap value of these
signs, but these materials may be more susceptible o vandalism or damage.

Signs for bicycle travel on roadways are typically inspected at the same frequency and maintained in the same manner as other signs on that roadway. On pathways, it may be advisable to set up a regular
pattern of day and n.'ight sign inspections to ensure all signs {and other devices) are present, visible, and in gnnd condition. IFPtrf;ering a night inspection on a shared-use path, it may be advisable to
usca bi::}-rclt v:qujppcd with a hcm:lhghl: that meets the spcciﬁcati{:-ns listed in stare law to 'I-'CIiF].-' SIEMS arc adcquztl:l].r visible under nighttimc conditions.

The 2009 MUTCD now requires agencies to develop management methods to ensure signs under their jurisdiction maintain adequate retroreflectivity for the signs’ service life. See Section 2A.08 of the
2009 MUTCD for more information. Mthuugh Section 2A.08 5pcciﬁcal|}-' excludes hikmy signs intended for exclusive use of hi::}-'dist.s or pcclcstrians trom the minimum rctmrcﬂ:rtivir}' requirements,
it srill may be advisable for an Agency [0 inspect, maintain, and !'{TPIEEI: these .'-:ign_'-; as needed to minimize lifc—qrdc costs and litigarinn risks.

MARKINGS FOR BICYCLISTS

Pavement markings are :mpln}':d to reinforce and suppl:mcnt signing and to communicate with the road user,

TABLE 14-3. Travel Areas Framework

Travel Area Description vehicle conflicts - (Bike Lanos)
B1-Comer Cormar immediately after Motorists tuming info cormar Solid line begins. Firat bike lang
infersaciion property deveways. Motoriata arrow and legend
gntoning from croas streel
§ B2:-Midblock | Away from intarsections Cloga passing Solid line
_, B3-Transition Approaching miersechion; users shdl | Crossing or weaving Optional dashed hinels)
@ Intorally 1o lina up for storage aroa
B4-Storage Final approach. Ugers should have | Through bigyclist staying too far If vight-turn-only lane, there may bao
completed laleral shifis right rigks right-turn cutolfl (*hook”) | a through bike lane to is left. I not
by motonst boehind RTOL, dashad lire
11-Entry Entering mteraaction, before *Right hook™ of through bicyclist by | Optional dashed extension line(s)
threugh and right- tum movements | reght-turning molorist
E have divirgod
E 12-pdid dla Within interzaction, after through/ Bicyclist lurning lefl on a wide Optional dashed extonsion line{s)
: H nghl dreerge, before cross sireel arc may be al sk f there iz a
= righi-iurn overlap simultanecus opposing laft turn
g 13-Exiting Within intersection, where cross Motanst tuming rght from cross Optional dashed extonsion hne(s)
= stroe! right turns ovorlap and some | street fals to yield (o through
through motorists are preparing to | bicyckist
turn into comer driveway

| SOURCE: |ohin Ciecarelli

M:a,rkings may be paniculaﬂ}r cHective for I:riq.-rclis.ts, as thq‘ are g::m:m"].-r pl:-lc::d within the hic:.rcli.sl:’s cone of vision.

“Travel Areas” Framework for Understanding Bikeway Markings
























® ass1st biq.rcli:[s with lateral positioning, in a shared lane with en-street pa.m“cl pa.rking in order to reduce the chance of a bic].-rclist striking the open door of a par[-u:d vehicle;
* assist hiqq:lists with lateral positioning in lanes that are too narrow for a motor vehicle and a bic}rcl:: to rravel side b].r side within the same trathe lane:

* alert road users of the lateral location bicyelists are likely to occupy within the rraveled way;

* cncourage sate passing nfhiq’:]i&t& I:l'}" motorists; and

* reduce the incidence of Wrong-way bil’.'_'p’-l:“flg.

The common purposc noted for the SLM is to assist i:-ic:.fclists with lateral positioning o IMprove opcraton and .sai;r_'t}r: As docs any road user tamiliar with rnadwa}’ hazards and crathc How, a sai:ct}-'—
CONSCIOUS hic}-'clist 15 ].i.l{d}-f to choose a lateral position that is neither too close to the Iight f:dgf: nor oo far left. Rjdjng too far toward the right v:d.gc CXPOSCS the bii:_',."cljst to several hazards and conHicts:

* debris along the roadway edge:

L lungltudjna| discontinuities at gurter joints;

* the opening doors of parallel parked cars;

. parl{ing space exiting maneuvers, includi ng p:;m"r.:L dizguml, and prrpcnﬂiful:ar:

» right turn movements from the left side (a.k.a. right hooks or right-turn cutofts) wherever right rurns are made (at cross streets, alleys and driveways); and

* passing on the lett with inadequate lateral clearance where there is insufhcient lane width at that point or just ahecad.

Riding too far to the left may encourage passing on the bicyclist's right side where that would be inappropriate or unsate. These same considerations apply in mirror-image tashion when a hii:_'rrclist uscs
the lett-most lane of a one-wiy strect, as allowed by many state trathc laws.

TABLE 14-4. Suggested Shared Lane Marking Offser Where On-Street Parking Is Prohibited

Fawe WALh (e pating) | Gurls olfvet- o0 ovntee o SLU cemmteand 1nloots
14.0 ft. (4.3 m) 70 . (2.1 m) i
135 ft. (4.1 m) 6.75 ft. (2.1 m) ]
13.0 ft. (4.0 m) 6.5 ft. (2.0 m)

12.5 ft. (3.8 m) 6.25 ft. (1.9 m)
12.0 ft. (3.6 m) 6.0 ft. (1.8 m)
115 ft. (3.5 m) 5.75 ft. (1.8 m)
11.0 ft. (3.3 m) 55 ft. (1.7 m)
105 ft. (3.2 m) 5.25 ft. (1.6 m)
10.0 ft. (3.0 m) 5.0 ft. (1.5 m)

SOURCE: Jolin Crecarelli

All these hazards and conflices apply outside of intersections; the last two also apply within intersections. Within intersections, the use of Shared Lane Markings to provide lateral position guidance for
through bicyclists may be useful, especially where there is substandal righe-turn volume on entory, substantial merging rght-turn volume from the cross street when leaving the intersection, and/or corner
property driveways just beyond the intersection. At large intersections with simultancous opposing left-turn movements, Shared Lane Markings may be usetul for guiding left-turning bicydists to stay
well within their urning movement's sweep to avoid oncoming left turners while deterring passing by following mortorists. Use of the SLMs within intersections is discussed in the section on intersection
contnuation.

The discussion in this section uses the "Travel Arcas” framework and terminology defined carlier to describe the contexts where SLMs are applied: Mid-Block {away from intersections), Transition and
Storage (approaching intersections), and Intersection {including Continuation).

Mid-Block Without Parking. The 2009 MUTCL says, "It used on a street without on-street parking that has an outside travel lane thart is less than 14 feet wide, the centers of the Shared Lane
Markings should be at least 4 feet from the face of the curb, or from the edge of the pavement where there is no curb.”

Four teet (1.2 m) is considered to provide suthcient clearance from the right edge to avoid most debris and also hazards such as open-bar drain grates and longitudinal ridges along gurter joints, However,
when the lane is too narrow to share, a]igning the markings at this minimum offset may not deter unsate passing on the left. Close passing can intimidare hicydisrs nto ridjng too far to the rigl‘:t1 and
MOLOrises exccuting a close pass SOMCiimes move back to the right Aa1H] n::a.rl].-r it ONCOming trathc appcars.



The hif_t,rclj_'-:r’s lateral position should clearly indicate to Fullml.'ing motorists whether passing is encouraged. To support this, some agencies increase the minimum righr-side offset of the Shared Lane
Marking when used in narrow lanes; for cxamplr, Florida DOT uses 5.5 fr. (1.7 m) for lanes narrower than 13 ft. (4.0 m). Another uppmach is to center the ma.rking in a lane that is too narrow to
share. This ::|+:=1r1}' indicares a hiqﬂ:lisr is allowed tull use of a narrow lane, and is lik{:]:.r o Prnduci: MOIre CONSIStent mrcrtal-:ing behavior, cncouraging tull lane cha.ngc:-; into the adjaccm: travel lane on a

multi-lane street, or Crossing the centerline when an adcquat:: gap is obtained on a streer with un|}r one lane in the bic].'di:-'.t'& travel direction. The offsets in Table 14-4 are rcquin:d to center the marking
in a narrow putside lane.

Mid-Block With Parallel P:lﬂv:ing. As it does tor the nn-—pa.rl-:ing context, 2009 MUTCD establishes a2 minimum right—sldt offset for the Shared Lane Marking when used with pa.r:allcl parking, but
does not provide guidance tor aligning the marking tarther to the left based on usable lane widtdh,

Regarding the right-side minimum offset, the MUTCD SAYS, “If used in a shared lane with on-street p:;.rzllrl parking, Shared Lane M:i.rkings should be placed so that the centers of the markings are at
least 11 feer from the face of the curb, or from the r:d.gc nfpaw:mcnr where there is no curb.” The rationale is to gu.icl:: the f:liq:dis[ to avoid the zone where the street-side doors nfparln:d Cars may opern.

The 11 fr. (3.3 m) minimum is based in part on the key experimental study documented in "San Francisco’s Shared Lane Pavement Markings: Improving Bicycle 5:;{:1:1:"|r.'"3—'i Field observarions found an

85th percentile value of 9.5 ft. (2.9 m). The 11 ft. (3.3 m) minimum was computed by adding a 6 in. {150 mm) shy distance to the bicycle’s handlebar end, and half the width of a common 24 in. (0.6
m) handlebar of an upright or “mountain” type bicycle.

However, the 11 ft. (3.3 m) minimum is inad-r:quatc. For the l‘hllnwing reasons, a minimum of 13 fe, (3.9 m) should be considered in locations adjacent to paraﬂc] ]:rarking:

TABLE 14-5. Suggested Shared Lane Marking Offser Adjacent to On-Streer Parallel Parking

Curb offset to
Usable lane width center of SLM
Physical lane width || (subtracting 11 ft. (3.3 m}||  centered in
(parallel paskiing) || nmeafe vidingares) ||usalibe fuoe yickeh
24.5 1, (7.5 m) 13.5 ft. (4.1 m) 17.75 ft. (5.4 m)
24.0 ft. (7.3 m) 13.0 ft. (4.0 m) 175 ft. (5.3 m)
23.5 i, (7.2 m) 12.5 ft. (3.8 m) 17.25 f1. (5.3 m)
23.0 it. (7.0 m) 12.0 . (3.6 m) | 170 ft. (5.2 m]
| 2251t (6.9 m) 116/ (@36m  |16.751t (5.1 m)
22.0 ft. (6.7 m] 11.0#.(33m) | 165 (5.0m)
215 (6.6m) 10.5 ft. (3.2 m) 16.25 ft. (5.0 m)
1.0 ft. (6.4 m) 10.0 ft. (3.0 m) 16.0 1t (4.9 m)
20.5 ft. (6.3 m) 9.5 ft. (2.9 m) 16.75 ft. (4.8 m)
20.0 ft. (6.1 m) 9.0 ft. (2.7 m) 15.5 ft. (4.7 m)
19.5 ft. (5.9 m) 8.5 ft. (2.6 m) 16.25 ft. (4.7 m)
19.0 ft. (5.8 m) 8.0 it. (2.4 m) 15.0 it (4.6 m)
| 1851t (5.6 m) 7.5 ft, {2.3 m) 14.76 ft. (4.5 m)
1B.0 ft. {5.5 m) 7.0 ft. (2.1 m) 145 ft. (4.4 m)

SOURCE: John Ciecnrelli

* The 85th pcn::n[ilq: tm:hniquc 15 t}l‘pica]]}r used for serrng _'~rp|::~|:-d limits, but t::m:cd.ing the sp::r:d limit h}r a modest amount does not usu:a]l}-r cause a f:ataliq,r or serious injury, whereas a door strike can
result in serious injury due to the bicyclist being thrown into adjacent trathc—even if only the handlebar end hits the door. In the context of door extent, an 85th percentile value of 9.5 ft. (2.9 m)
means mughl:-,r one in six car doors extend farther than this when upcm:d- This means on a singh: block with 18 para”cl parking spaccs, the doors of three vehicles could pmsibl}-' exceed this distance
if opened. At the least, a higher percentile value should arguably be used as a basis for a minimum marking offser.

* The combined vehicle width and door extent of large SUVs and certain other two-door yehicles can be nearly 10 ft. (3.0 m). One common example is a popular, current-model SUV thar is 6.6 ft.
(2.0 m) wide with a 3 ftr. (0.9 m) door extent. Many narrower vehicles, especially two-door coupes, also have rather long doors. Adding a 1 fr. (0.3 m) space from the curb gives 10.6 fr. (3.2 m).
Adding a 6 in. {150 mm) shy distance and 20 in. (0.4 m) Shared Lane Marking half-width would place the marking's center at 12,6 fr. (3.8 m) from curb face.












In this situation, if there is a mid-block bic:,-'clc lane and its curb offset is ::qual or similar to the sTOrage zone l':i::}-rcl-n: lane ahead, biq..rclis.i:!-: require lirtle or no lateral shifr within the transition zone,
and a dashed hiqu:lc lane is t}'}?i[ﬂ“'}' used to g_tid:: bicycli&ts thmugh the transition zone. If, however, a substantial lateral shifr is rf_'quim:l berween a mid-block curbside hianlc lane and a storage
Zone hic}n;:h: lane plac:d to the lefr of one or more r]g,ht turn nnl}r lanes, ]JIEICi!’!IE Shared Lane I"-rIﬂrchngs [hmugh the transition zone instead of a dorted hiq.-’::lr lane may encourage hicyi:lists o 5can
and not to assume the dorted lines ensure their s:a.i:cr_',' while sh.ifting to the lefr.

If the mid-block zone has no bic].rclc lane, Shared Lane Mar]i_'mgs :hmugh the transition zone can gu.idf Ihmugh biq-’di&t.; from their mid-block line of mravel (which d:pcnds on the effective lane
width there) to the storage zone bicycle lane.

4, ??Jmugi? lane to the 1".-.:;'5‘ ﬂf:: rfgf;.r Fr rmi_'}f lane with no dedicated a‘i’;mug;ﬁ bike lane. At an intersection with a thmughwnni}r lane to the lett of one or more exclusive righr turn DI'I.]].-’ lanes, bur without
suthcient rotal width to create a thruugl‘l bike lane, SLMs in the STOTAZE ZOME Can hclp t0 encourage thruugh l:riqrclists to avoid conflicts with righ[—tuming trathc, and SL.Ms in the transition zone can
guid: thmugh bi{.}rclist.s to this lateral position.

The most maighrﬁ:lmrnrd S5IM PIEEEITIEHI' in the storage zone is in the right—mnst rhmugh lane, centered in the lane if it is too narrow to share, orin a right—sid: sh:a.ring position if the lane is wide
:nnugh to share, i.e., 14 fr. (4.3 m) or greater,

An alternarive p]:m:mn:nl: 15 alnng the left portion of the left-most righr turn nnl}-' lane. This could be considered when motor vehicle .'-:]:l-ccd or volume in the r[ght—mr.:-sr rhmugh lane deters i:riq..rcli_'-'.rs
trom merging into thart lane thruugh the storage zone, or when the hic]..rclis.t IS appmaching a dcw:]upcd rigl'n: turn lane from a shoulder hi!{cw:l}r—:l common situation on rural highwa}'s-

The use of the SLM in this context is allowed h}r FHWA per the :;.gcm:}-"s. MUTCD ndnptinn status w:b-—pag: for biq..rch: and pl:-ct::strian trathe control devices (www.thwa.dot.govienvironment/
bikeped/mutcd bike htm). As of December 2011 that wehpage has the fnllmving entry:

‘Status in the

FHWA's Manual
of Bicycle Control Devices Experimentsin
Facilities (MUTCD) Progress?
Shared bike Can be implemented | Yes

lanes and right | at present time
turn lanes f Shared Lane
Markings are used,
but currently 1s
expermental if any
other pavement
markings are used

Because this reatment E,uidn:s thmugh bi::}n::]ist.s to the lefr of rlght-tu.rning trathec and o the r]ght of other I[p-m::nti&u]..r taster) thmugh trafhe, it conforms to the basic principlc of “destination
pnsi[iuning" On an intersection appmach- However, some states migh[ need to Ehzmgr their rraffic laws o allow a hic_';rcli_it to pn:lcccd smight into an intersection from a right turn lane, if th:]..r
implcmcnt this treatment.

NOTE: In 1998, an FHWA sl:uq:l}' conducted in Eugene, Oregon evaluated a dashed thmugh ]Jil.?_'i.ffli: lane overlaid on the left side of a Iigh[ [urn nnl}r lane (“Combined Biq-rclc laura"ﬂjgh[ Turn

I_.Elm:’",'ll.E The report indicated the trearment functioned well at the study intersection. The wreatment appeared in the 1995 Oregon Bicyole and Pedestrian Plan but the Oregon Trathe Control Devices
Committee subsequently declined to approve it for inclusion in the Oregon Supplement to the MUTCD. This trearment is not compliant with the 2009 MUTCD if the bicyclist and right-turning

motorist must share the same space. As of December 2011 an FHWA-sancrioned EXperiment was in progress,

Traversing Intersections. Shared Lane Markings can be useful o prmriclc guida.ncc for hil:}rdi:-'.t.ﬁ continuing ﬂ'jmugh intersections, to minimize conflicts spn:iﬁu: ta entering, traversing, and l:::wing the
intersection (in the Travel Areas framework, the “Entry,” “Middle,” and “E:-:itin.g" areas) and also o prepare tor conditions just beyond the intersecrion (the “Block: Corner” travel area in the framework).

The MUTCD does not mrrcntl}r address the use of Shared Lane M:.rl-.’ing:l; within intersections, but does not ]:rruhil:nir this applil:atinn. As with the m‘a.rl-:_ings' usc outside intersections, the objectives are
to alert road users of the lateral location biq-’dists are |ﬂ-r.c1}-' Lo OCCUpYy, and to cncourage bic:.rclim:s to use a line of travel that minimizes conflicts and deters unsafe p:a_v.sln £.

Section 3B.08 of the 2009 MUTCD allows the use of ed-geline, lane line, and centerline extensions through intersections and interchanges “[w]here highway design or reduced visibility conditions
make it desirable o provide control or to guidc vehicles through an intersection or intr:rch:lngc. such as at offset, skewed, complex, or m.ulti-lcggrd intersections, on curved roadways, where mulriple
turn lanes are used, or where offset left turn lanes might cause driver confusion...." Dotted lines are r}-'picali}r used, with solid lines p-r:rmittq:d “Iwlhere greater restriction is rrquin:d,"






FIGURE 14-14. NYCDOT Highway Design Typical Markings

STREETS WITH TWO-WAY BICYCLE LANE DIRECTIONS
WITH TURNING CONFLICT

WITH CROSSWALKS NO CROSSWALKS

-?-":-
"5
\n' !

| SOURCE: New York Ciry Deparment of Transportanon, excerpr from [hawing TEI-1.

Lemring Intersections. High-afti\-'iry retail wses such as coffee .shups, convenience stores, and gas stations arc often located at intersection corners to attract motorist customers. These corner land uses
often have one or more d.riv:wa}-'s near the cormner. Man}r ﬂ'irnugh MOLOTISES (raversing an intersecrion will turn right into these d.riwwa}rs immrdian:l}-' upon lr:aw.-'irlg the intersection, crcaﬁng right turn

conflices with thmugh biqrdists who traverse the intersection on a parallcl line of travel to their right, or who return to the curb immcdiatcl}r upon ]t.wing the intersection. A curbside b':q..rclf lane that
h:ginﬁ just after the intersection can exacerbarte this conflict.

Placing Shared Lane Marlclngs ina right—tum-d:[crring position ﬂ'imugh this corner property Iight turn confict area may cncourage d'lruugh hiqﬂists to ride away from the curb and deter the cunﬂicting
turns, T’]acing SIMs within the intersection on a line of travel thar sets up such a clctcrring position Ellt.'].-’l'.'lﬂd the intersection may also be valuable—see Intersection Continuation above.

Angh::l Railroad Crossings. Railroad tracks angl::d Hul’!il‘ﬂnl‘iﬂll}-‘ from the transverse direction can guidc a hiq-'ch:’!-: tront wheel cicher b}r causing it to slip alung the metal rail or ]:l-}r trapping it in the
H:mgcwn}-r gap, causing a sudden fall from which it is almost impn&sihlq: to recover. As shown in Fieure 14-15, anglcd tracks may be oriented “m:ar-righl: to tar-left” or “near-left to I:sr.r-right_" In the first
case the I:lf:t_}rcli_'-;r MUST OCCUpy the lane before CIrossing to deter passing while Crossing. In the second case the hicycllst will occupy the lane after crossing.













Shoulder Use by Bicyclists

Most state trathe codes permit, but do not require, bicydists to use shoulders. Bigyclists can reasonably be expected to use shoulders when provided, but only if such shoulders are suitable for bicycle
travel. There are a number of situatons where shoulder use may be advantageous, such as on high-speed highways, roads with heavy truck rathe, and rural roadways with numerous curves or limited
.'-;ight distance. Shoulders may not be Appropriate tor f:ri{.].-'clc travel in locations with numerous intersections and right murn lanes, or on [ﬂad\ﬂ}’ﬁ with shoulders that have a usable width too narmow for
biq-'clc travel. Shoulders also tend o accumulate debris thar can be inconvenient or pmhlcmatic for bicydc travel, so it is advisable to p::rindica]l:.f SWECPp Or clean shoulders fn:quv:nrl:r' used b}r hi-l:_‘FfIiSl.’E,
or are in locations where shoulder use may be required by law or administrative resolution, such as on freeways or expressways.

Bicycle Dperation on Rural Highways

Eiq;clist.s use all madu.'a].-'s lr:gzll}r open to biq.-’u:ln:s. im:lucling rural high“ﬂ:ﬁ. Often a rural highwa}' is the unl}r pmcrical route between towns, The fhllnwing issues are relevant to l':ic}rdc opecration on
rural highwa]..r.'-; issues, with implicatinm tor trafhc control devices.

Operating Width. Paved shoulders with a clear width grearer than 4 ft. (1.2 m), or a combined width of the right lane and shoulder (it no rumble strips are pn:sr:nt} of 14 fr. (4.3 m) or greater, can
greatly improve the convenience and perceived comfort of motor vehicle and bicycle travel on rural highways. However, roadways with low trathc volumes can serve bicyele travel acceptably even if
shoulder width is less than 4 ft. (1.2 m). On highcr—vnll.unc n:l-adwa}'s. shoulder widths of 1.5 o 3.5 fr. (0.5 o 1.1 m) can create a perception the shoulder is sufhiciently wide for use h}r I.?'Iqrfflistﬁ-., when
in tact the shoulder is acrual.l}r too narrow tor effective or continuous use |:r:|.r biqrclists. At these locations, it may be advisable to adjust lane and shoulder widths to reduce ambigulr_v.

(n signiﬁcznr gmdcs with limited total righl:—ﬂi:—tmy width, pmviding extra widch in the asccnding direction should be prim‘irizcd. This is analngnus to ]:l-rm'icling a c]imbing lane for trucks and slow
motor trathc, Eiicyclist.s dcsc:nding signiﬁc:anr gradv:s can achieve moderate to hig,h .E]IH:Ed_'-i and require the full outside lane width for control.

On lo ng stretc hes ufhighwa}r without comfortable widch tor passing thbiqn:lins, pcrindicalh-' pmu’iding shoulder width can enable bic:..rclist.s to pul] aside and let walling Motorists pass,

Eight Distance. Rural highwa}'s often have high pnstcd spccd limnits, rcsulting in high clnsing SFECC'E between motorises and biv:}'clis.t.s. f‘u:ln:quatc sight distance at crest vertical curves and horizoneal
mrvcs—-csptcia“y righnmd curves—is important for safcrjr. Provision of shoulders wide cnnugh tor comforeable bic:,'clv: use can reduce conflicts in areas of limited .sight distance and on ascents.,

Wind Effects. Largr: vehicles such as truck rrailers and recreational vehicles pu:-’.h air to the sides ar the front and draw it in ar the rear of the vehicle. These “wind blast” effects are r:spc-::iall}r ]:l-mnnuncr:d
at high spccds. and can cause a clus:l}' passcd bif].-'clist to lose conrrol. In addition, bic].-'v:lists operating in signiﬁcam crosswinds lean aside into the wind and can be tDFPICEl when a passing l:a.rg: vehicle's
wind effects add to or subtract from the crosswind. L'arg:: vehicle wind blast etfects decrease rapid.l]..r with lateral scparation, 5o cxtra shoulder width is useful for n:clul:ing the effect of wind blast in areas
that experience significant crosswinds,

Centerline Issues. Two-lane rural high\-.':a}-rs often have lnng stretches of dnuhlc—}rcl[uw (no- passin g]l centerline. Some of these SCEMENTS have lirtle or no shoulder usable h}f hic:.rclisrs.. Mortorises will often
pass bic}rclins on these SCEMENTS rcg:lrdlcss of the centerline p:ming pmhjb'ttinn. Some states do permit crossing a duuhlr:-)rcllnw centerline to pass b':q..rclist!-: on a rwo-lane highw::y when there is a gap
in oncoming trathc.

Center line rumble strips (CLRS), intended to reduce the incidence ot head-on collisions, have the side effect ufd:tcrring passing [J“::IEC}'C]iEU |:|]..r motorists. Lhe presence of CLRSs may increase confices
between motorists and hicycli:.rs on two-lane madwa}rs with insuthcient width for passing. See a later section of this chaptcr tor discussion of rumble strips.

Shoulder Issues. Shoulder rumble SETipS; intended to reduce the incidence of run-off-road crashes, reduce the shoulder operating width available tor I:I-'tq.rclt.'-'.. Best practices exist tor the clcsig;n and use

of shoulder rumble strips; sec a later section of this chapn:r for discussion of rumble strips.

Conventional shoulder srriping pmvidcs INCorrect guidancc to hic}rclists and motorists in several situations, im:lmiing deceleration/exit lanes, accc[cratiun."mcrgc lanes, and exit diw:rgc.s_ Modified
shoulder .l:trlping that inmrpuratcﬁ useful fearures of hiqrclc lane striping addresses these issues.

Bicycle Operation on Freeways and Expressways

In some instances, a freeway or expressway may be the only available means of tavel between destinations. A number of agencies permir bicycle travel on the shoulders of freeways or expressways under
their jurisdiction. Such freeway or expressway shoulders would not normally be marked as bikeways, unless they comprise part of a larger system of bikeways, and meet suirability criteria set by the

operating agency.

Trafhc safcl:}' studies>~ have shown a rema rl-::abl}r low number of biq’-::l:-mmnr vehicle crashes on i:rmva:.rs. in spite of the high motor vehicle _'-'.pr:d!-: encountered. Much of this can be atoribured to the
elimination of the tuming. Crossing, and nppnsin:-dircftinn conflices found on nrdinar:r' streets. While wind blast effects from higl‘l-—.’iptﬁ:l trucks can be considerable, most i'n:u:wa}' OF eXpressway shoulders

offer sufficient width to permit bicvclists to avoid severe wind blast.



FICL".-.'E].':'-'. O CXPressways open o hic}rdc travel t}"picaﬂ}f have the Ehllnwi.ng characteristics:

* Continuous pavcd shoulder widchs greater than five feet (1.5 m), c:-:r[udmg rumble SITips;
* CXpansion joints and -EIIEiI'I:Eigf grares traversable b}r hic}rﬂ:lisu;
» relatively infrequent on-ramps and off-ramps, with good sight distance; and

" ].U'W'El' tI'LI.CI{ ‘mlumcs.

However, even if all the pn:ccding conditions cannot be i:ull:,' satisfied, if no other route is available that offers reasonable s.-a.F:l:}' and convenience for hiqrcllsts, hiq.'clc access to the Frr.:wa:..' Or CXpressway
may be considered until such time as impruvcm:nt'-:n—-such as wider shoulders, imprm'c-n:l grates and joints, or an 3cc-:pta|:r|c para-]]n:] Fal:iliq.-r-—can be prmfidcd.

TABLE 14-6. Shoulder Striping vs. Bike Lane Striping

Context Striped Shoulder Bicycle Lane
a) Cross strect without righ[ turn .;mj:,r Curves around comer, to indicate edge or shoulder of cross street Continues straight toward intersection
lane

b} Cross street with right turn only lane Dropped or dashed across transition zone, Placed 1o left of right turn lane(s) in
: storage zone

i:} Exit diwgfga_- Curves into exit, to indicate edge | Interrupted or dashed across exit

|

id'} Merge area Stays to right of merge area Dropped or dashed across area

|,:.} Righl: rurn/deceleration lane Stays to right of lane. Roadway right turn area is to the left of shoulder bicycle Stays to left of ight-turm lane(s). All through traffic is to the left of all right-turning

| through area Itrafﬁn:

if} ﬁccdﬂmjnm"mcrgc lane Stays to right of lane Stays to left of lane. Often dashed across merge area

I

SOURCE: [alo Cloearelll

It may be better in some cases o permit bin::}'clists t0 Merge across ramps and continue on the frrmﬂ.'n}r Or EXpressway mainline instead of requiring the bic:..?clist to exit and re-enter at cach ramp. While
there is some element of nsk inherent in crossing high-speed ramps, this must be balanced against the induced d:lay and exposure to crossing and turning trathc that would occur at each cross sereet if
the I:tii::ﬁ:lis: is n:quircd to exit and cross the intersecting madwny at gradc.

R5-7, R5-10a, and R5-10b signs arc typically used for prohibiting bicycle access to freeway ramps. When bicycle access is permitted but pedestrians are prohibited, an R9-3 sign may be used in licu of
bicycle prohibition signs. Where bicyclists are directed off a freeway at an off-ramp, a BICYCLES MUST EXIT or similar sign should be used ahead of the ramp, with an R5-6 bicycle prohibition sign
placed past the ramp.

An EE{HIT.I.P].E l.'.l.E-ﬂ. Slatﬂ'n']'.d.f_‘ FDHL_}-’ Fﬂl’ hlE}’CIE ACCCss [0 EFE'L"i"-'E}'E Or CXPressways mlght J.'E'rl'l:l A5 FD].].D““-’.'E—H

"Eff}'ﬂff'.\' are J:'.rfrmfm.'ﬂ' 5{1' law to aperate on all State f:fgﬁ::mq ¥r, fﬁrfuﬁfng _ﬁ'ﬁ'ﬁuﬂ 3 and EXPTERIATYS, except where excluded E{} admingstrative rfgm’an'ﬂn and the pesting qf':zgn: fo give
notice ﬂf Fi pmfrffrin'ﬂn. It 13, .I‘."!?E'}'g"én’; intended that .E'J.t'c_'].r:fe:r shall not be pmﬁ: ibited _ﬁﬁm controlled-access ,Eu::_{fjmq].rj except ender those conditions where alternate routes are available
and where such alternate routes are considered mmpame or better in terms .:Jffr:'nwm'mrf and mﬁ{y. It is not practical to extablish .fprr:{ﬁr critevia ar absolute values to determine
alternate routes. BEach case shall be }:tdgf'ff on its ewn. Factors that Fy be considered in rmfmm'ug the situation include, but are not limited 1o, mﬁf volumes, rﬂmfm{}' FEOTREITICS,
Jpavemeni mr_’ﬁm&‘ conditions, ravel times and distances, and Jpaten tial ﬁrr mnﬂ.:'ﬂ!:r. "

Shoulder Striping vs. Bike Lane Striping

Stripcd shoulders of sufficient nideable width are similar to bike lanes in that rh:}r pr{}vidc a bic}rclc-cxdusivc travel space. However, the nrigina] tunction of an cdgclinc is to indicate the right cdgc of
the motor vehicle travel area, not o also indicate the left :dgi: of a shoulder bic:.n::l: travel area, As such, conventional l[cdgclinc—bas:d:l shoulder striping differs from hic:,rclv: lane striping in safcr}r—
signiﬁc:;.nt ways in several contexts listed in Table 14-6. Conventional shoulder striping pmvil:lc.s correct Ehr-!-:icl: guida.n::: to users of the outside lane, but incorrect gu.id.mc:: to bif_f,.n:ﬁ_'-:rs operaring on

'[]'LI'_‘ .'EI'IDIJ]IIiCI n d‘lt Figl'lt EIFII'IE IEHC.

Modified cd.gclinc derails for these situations can INCOrpOrate many of the I:-iq..rc]:: guin:l;mc:: adva.nta.gcs of |:riq.r::11: lanes while continuing o prmridc correct rightv.sidf guidanfc to motorists. Note the
MUTCD orohibits the use of bike lane word and symbol markines on shoulders,





















is most effective ara sp:ciﬁc pe of intersection and, at the time of writing of this Handbook, Pmpnsals to pcrfnrm this research have not received ﬁmdjng. Theretore, no derailed guidanc:: can be given
as to exactly which marking style is “best,” and engineering judgment should be used to select an option that may be “best” tor a specific situation,

FIGURE 14-21. Bike Lane Line Alternarives ar Intersection ﬂpprmches

Solid bike lane line to intersection

| = 50-200ft »> |

Dotted bike lane line to intersection

| - 50-2001t » |

Bike lane line dropped prior to intersection

SOURCE: Richard Mocur.

TABLE 14-7. Advantages and Disadvantages of Bike Lane Marking Parrerns at Intersections

Solid Bike Lane Line to Intersection = Creates a continuous path for bicycle travel along the roadway, interrupted only + Can induce conflicts and crashes from right-turning motor vehicles turming across
by intersections the path of through bicyclists
= Can be more “comfortable” for less-confident bicyclists = May need Increased maintenance as markings wear near intersections

= May reduce sidewalk nding at intersections
* May be required by law in some states (check state & local laws)

Dotted Bike Lane Line in Advance of * Intended to allow nght-turning motorists to merge into the bike lane before turning | = May not actually induce drivers to merge to far nght

Intersection nght * Dotted marking may be a mantenance issue
= May reduce drivers turning across the path of through bicyclists in the bike lane

= May reduce sidewalk riding by providing a “continuous” route

|D|‘:smntinued {"Dropped") Bike Lane in * May be maore likely to encourage night-turning motorists to merge to the far nght = May not be "comiortable” tor less-confident bicychsts
Advance of Intersection than solid or dotted markings « May see higher rates of sidewalk riding

* Low maintenance
= Mo legal ambiguity

SOURCE: Richard Mocur.










































FIGURE 14-34. Path-roadway Intersection—STOD Control For Roadway
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Observation has noted that bicyclists often treat STOP signs as YIELD signs ar these locations, slowing, scanning tor conflicting trathc, and then proceeding it no conflicting trathe is detected. This can
serve to induce a partern of behavior that can resule in operational problems at locations where unexpected conflices do actually warrant a full stop prior to entering the intersection. Yield control (either
for the roadway or pathway) can be an effective and efhcient treatment as it encourages appropriate scanning behavior without unneeded restriction (or routine disobedience).

FIGURE 14-35. Path-roadway Intersection—YIELD Control For Pathway
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prnsls or bollards must be used, these POSLS should cither have retroreflectorized marerial or object markers installed as stated in Section 9B.26 of the 2009 MUTCD, and pavement marl-ring as shown
in Figure 9C-8 of the 2009 MUTCD should be used. If used, pOSLs or bollards should divide the widch of a p:-ll:h into an even number of lanes, since the dircv:tiﬂnalir}r of a center area is undehned, and
increases the likelihood of head-on collisions. Centerline striping may be h:lpfu| on the appmad'i:s 0 POSts or bollards to indicate the direction in which erathic is to travel in each lane.

Mﬂ.rld.ﬂ.gs at Path-Railroad Crossings. Where a pathmy on an ind:p:m:ll:m Elignmcnr. crosses a railroad, markings are tfPiEﬂll}" used in advance of the Crossing and at the crossing location. Chaptcr
83D ot the 2009 MUTCD discusses rrathe control devices at Padu-railrnad CTOSSINgS, and Figure 8D-1 dcpicrs c:-:ampll:s nfsigning and m:-l.rkl'ngs ata path-railmad Crossing. It a swing gate is used at a
pad'lwrailmad crossing, it should be retroreflectorized or marked with Dhjm markers.

Other Devices

Other trathe control devices may be used on shared-use pathways, such as conventional trathc signals, pedestrian hybrid beacons (PHBs), or RRFBs. For more information on the use of signals on
bikeways, see the following section of this chaprer.

TRAFFIC SIGNALS AND BICYCLES

E]q.-rdi:ar.s. like all other road users, are affected by trafhc signals. In many cases, bic:,.rcl:ists use trafhc slgm]s in the same manner as other vehicles, Less-confident biq.-rclists and child hiqn:lists may use
:-;ign:-ﬂs in a p::clcstria:n MAanncr, w:-llll.'_ing or rid.ing in crosswalks. Bur in either case, there are some circumstances in which EFL‘EiEI.I care should be taken to Pmpcrl}r address the needs of |}Ic}1:|i5t.5 at
sign:-lli:e.cd INCCrsections.

FIGURE 14-39. Example of Detector Marking Symbel and Sign

RrR10-22

Detector or delection area

| SOURCE: Richard Mocu,

Bicycle Detection

Detection ar trafhc signals is of critical importance tor bicyclists. For example, ifa biq.-rclist operating in a normal, lawful manner approached a fu.|.|j,r or semi-actuated signal, and could not be detected
h}-‘ the cxisting intersection equipment, thar hicydist may never receive a green indication or be pmp-tr}y served b:.r that intersection, In these cases, it could be zrgu:d the intersection is ma|fu.ncl:inning.
In any case, the trustration and lida:.r due to the !-:ignzll's tailure to detect and d‘l:-mgc may [empt the biq.'clist to disnbf}-' the s.ignalv-r-which will cause upcr:atlunal and sai:c"l:}r Pmbl:ms, :sp:cia]l}-f it it
becomes a habit. Section 9D.02 of the 2009 MUTCD requires agencies to review and adjust signal actuation on bikeways to consider the needs of bicyclists.

There are two major types of bic}'dc detection—active and passive.
Active detection requires the bif_ﬁ:ﬁsr o p-l:rﬁzlrm a spl:ciﬁc action in order to be detected ar a signaL The most H-I:qutl’lﬂ}-" used method of active derection is o ]:r|:-1|:r: a pcdﬂr_ri:-l.nrq,rp: pu&hbuttun

adjaccnt to the Ell::ilit}?., near the ravel parh ot the hic}rciist. However, this requires hiq.rdists to divert their travel path to the button location, then o st P and push the burton, often times while h:-nring
to lean over to do so. This can leave bicyclists in an incorrect position at the intersection approach, such as to the right of right-turning vehicles. Also, a pushbutton ar the right curb will be of no use o












TABLE 14-8. Bicycle Clearance Time Based on Intersection Width

I Bicycle Clearance Time |
Intersaction Wicth [ Standing Start || Reling Start |
(fet) (meters) | (seconds) | (seconds)
40 12.2 9.0 b.6
43 13.7 9.4 2.9
580 16.2 .Y 5.3
55 16.8 10.0 6.6
&80 18.3 10.4 70
65 19.8 10.7 7.3
70 21.3 11 76
75 229 11.4 8.0
80 24.4 11.8 8.3
85 258 121 8.7
90 274 12.4 9.0
95 28.0 12.8 8.3
100 30.5 131 9.7
1086 32.0 13.6 10.0
110 33.5 138 10.4
1156 35.1 14.1 10.7
120 36.6 14.5 11.0
126 38.1 14.8 11.4
130 39.6 16.2 1.
135 41.1 18.5 121
140 42.7 16.8 12.4
Default values used to develop table:
Perception-reaction time: 1 sec.
Bicyclist speed: 14.7 ft./sec. (10 mph) (4.5 m/sec.) {16 km/h)
Acceleration rate: 1.5 fi/sec.2 (0.5 m/sec.2)
Deceleration rate (wet): 5 ft./sec.? (1.5 mfsec.2)
Bicycle length: 6 ft. (2 m}

SOURCE: Richard Mo
BMG = BCT, - Y- AR

Wh:ﬂ:

BMTG = Bicycle minimum green time (scc.)

BCT, = Bicycle crossing time—standing start (sec.)

¥ = Yellow change interval (sec.), typically 3 to 6 sec.
AR = Red clearance interval (sec.), typically 0 to 6 sec.
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