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Abstract

Since most roads lack dedicated cycling facilities, cyclists inevitably have to share the road with
motorists. This situation is particularly prevalent outside urban centres, where the transportation
network is less dense.

In this context, roads with posted speed limits of more than 50 km/h may be considered by cyclists more
practical than their alternatives, where applicable, particularly in terms of travel time, distance, and
accessibility. These roads, where access is sometimes limited or controlled, are characterized by the
presence of free-flow ramps. For cyclists travelling on these roads, the free-flow ramps present the main
point of conflict.

Unlike roads with lower posted speed limits, it is not appropriate in this context to provide a cyclist
crossing parallel to the road (i.e., a bike lane between the outside through lane and the ramp). The most
effective crossing treatments instead designate a specific point where cyclists can cross the ramp
perpendicularly. To enhance the predictability of maneuvers between motorists and cyclists, this
crossing point must provide good visibility between users and be located where motorists’ attention is
not solely focused on merging within vehicular traffic.
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This treatment typically involves a curved path that guides cyclists to the crossing point, commonly
referred to as a jughandle. However, the standards and best-practice guidelines for cyclist jughandles
lack sufficient detail to ensure rigorous design. They notably fail to account for critical factors such as
user visibility and respective speeds, although these are systematically considered in the design of
traditional cyclist crossings. This gap leads to significant variability in the design of cyclist jughandles
across Canada and the United States of America.

To improve cyclist safety and standardize the design of jughandles for cyclists, this paper proposes a
systematic method for designing safe jughandles. This method relies on calculating cyclists’ and
motorists’ stopping sight distances, cyclists’ crossing sight distances, and the interaction between the
geometry of the jughandle and these values.

Introduction

Research shows that the presence of dedicated cycling facilities promotes safety [1]. However, cyclists
will inevitably have to share the road with motorists, as most roads lack such dedicated facilities [1]. This
is particularly the case in Quebec, where cyclists are not required to use the cycling facilities provided to
them following the repeal in 2010 [2] of section 492 of Quebec’s Highway Safety Code (CQLR c C-24.2).

According to the AASHTO [3], all roads, except those where cycling is prohibited, should be designed and
built under the assumption that they will be used by cyclists. In this sense, roads with high posted
speeds (i.e., more than 50 km/h), including freeways and expressways where cyclists can travel, should
be designed according to this criterion.

The AASHTO [3] also notes that main roads are generally more direct and advantageous in terms of
efficiency due to their priority at intersections. However, free-flow ramps pose a sizable obstacle for
cyclists. Due to the significant speed differential and the long crossing distance that a straight trajectory
would represent, as shown in Figure 1, the weaving sections of free-flow ramps can intimidate cyclists,
and collisions are often fatal [4].

Figure 1 Free-Flow Ramp with a Parallel Crossing

/

Adapted from Schonfeld et al. [5]
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Facilities aimed at improving cyclist safety at the intersection of free-flow ramps are found in the
literature, but they are only briefly described. These include cyclist jughandles, for which design criteria
are rare. This paper aims to address this issue by proposing a systematic approach to the design of
cyclist jughandles. The proposed method is based on principles applied to conventional cyclist crossings,
as well as road facilities in general, namely the validation of stopping sight distance (SSD) and crossing
sight distance (CSD) at intersection approaches.

This paper first defines cyclist jughandles, as shown in Figure 2, and presents current design criteria. The
proposed design method is then introduced by its theoretical foundations and defined in more detail.
The steps of the method are then applied to obtain the design of a typical cyclist jughandle. This result is
subsequently compared with current design criteria and real cases where cyclist jughandles have been
implemented in Canada. This is followed by a discussion of the findings from the development and
application of the proposed method and some specific elements of the latter.

Figure 2 Cyclist jughandle at a Free-Flow Off-Ramp

Adapted from Google Inc. by Tremblay [6]

Presentation of Cyclist Jughandles

It is difficult for cyclists to cross the weaving section located at the ends of free-flow ramps, particularly
because the acute angle between movements reduces visibility. Although there is no consensus on the
specific treatment to be applied, current treatments generally identify a location where cyclists can
cross, as shown in Figure 3. This location must ensure good visibility between users and, for on-ramps,
that motorists’ attention is not solely focused on merging into vehicular traffic [3, 4]. According to the
Transportation Association of Canada (TAC) [7], the goal of such treatment is to increase the
predictability of maneuvers between motorists and cyclists.
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Figure 3 “Cross Here When Safe” Signage

Adapted from Reddit

In the context of interchanges, the AASHTO [3] specifies that right-angle intersections are the best for
cyclists. Such facilities allow them to maintain their speed, reduce exposure time, minimize the conflict
zone, and promote good visibility [3, 8, 9]. Maintaining cyclists’ speed is particularly beneficial
considering that cyclists may have difficulty accelerating quickly after coming to a full stop [8].

Right-angle intersection design is a principle applied to road intersections as well. For example, the
Ministére des Transports et de la Mobilité durable (MTMD) [10] specifies that the crossing angle should
never be less than 70° due to the extra effort required to look left or right. Specifically regarding the
intersection of a dedicated bike path and a road, the MTMD [10] specifies that the angle should be
between 75° and 105°, inclusively.

The configuration of free-flow ramps is also a key element to consider. For instance, multi-lane ramps
can be difficult to cross for cyclists. The same goes for ramps located on the left side of the road. In
short, cyclists should not have to cross a traffic lane to reach an off-ramp or join a cycling facility from an
on-ramp [3].

Current Designs and Alternatives

For the perpendicular crossing of off-ramps, the TAC [11] states that there are two ways to allow cyclists
to cross an off-ramp: 1) through shoulder widening and signage indicating the crossing location; or 2)
through a realignment of the cycling facility. These two variants, also cited by the Ministry of
Transportation of Ontario (MTO) [12], are shown in Figures 4 and 5. The second configuration, adapted
to an on-ramp, is shown in Figure 6. Alternatively, still regarding on-ramps, the TAC [7] simply proposes
a curved path upstream of the crossing point and the widening of the paved shoulder downstream of
this point, as shown in Figure 7.

For the widening of the paved shoulder shown in Figure 4, the TAC [11] states that it is desirable to
widen the paved shoulder by 3.5 m to provide cyclists with a safe location to wait for a gap in traffic.
That being said, according to Schonfeld et al. [5], this design has several weaknesses, including a
triangular crossing zone, which makes cyclists’ trajectories less predictable. This issue is avoided by the
construction of a cyclist jughandle, a configuration recommended by Vélo Québec [13-15].
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Figure 4 Shoulder Widening at an Off-Ramp

Potential Cyclist Crossing Area

Widen Shoulder

Adapted from MTO [12]

Figure 5 Cyclist Jughandle at an Off-Ramp

4-6 m

Adapted from TAC [7]

Figure 6 Cyclist Jughandle at an On-Ramp

s’ ¥

Adapted from Schonfeld et al. [5]

Figure 7 Shoulder Widening at an On-Ramp

Adapted from TAC [7]
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Current Design Criteria

Apart from their preferred shape, there are currently few design criteria for cyclist jughandles. For off-
ramps, the TAC [7] proposes a depth of 4 to 6 m measured between the edge of the paved shoulder and
the end of the jughandle, a curve measuring 11 to 14 m, and a transition of 11 to 14 m (see Figure 5).
For on-ramps, the TAC [7] proposes an outer radius of 6 m (see Figure 7). For both on-ramps and off-
ramps, the TAC [7] specifies an angle of 65 to 75° at the approach of the crossing.

These criteria are too imprecise to allow for the design of a cyclist jughandle and do not guide designers
towards selecting one dimension over another. Moreover, these criteria do not ensure the achievement
of some of the objectives of cyclist jughandle implementation, namely promoting good visibility and
keeping cyclists in motion. To ensure a safe crossing, it remains necessary for cyclists to stop upstream
of the conflict point, since visibility is insufficient until the last moment.

The configuration of the ramp crossing facilities currently proposed therefore benefits cyclists who
would stop before crossing them. However, it is known that “Bicyclists do not like to stop.” [16] It is
therefore worth questioning the effectiveness of facilities designed according to current criteria.

Proposed Design Method

The proposed design method involves applying the principles used at conventional intersections to
cyclist jughandles. This means validating that the visibility of cyclists is sufficient to cross the ramp from
the point where they are standing and that the visibility of motorists approaching the crossing is
sufficient to stop in case of an emergency.

Additionally, it is proposed to consider the visibility of cyclists in motion approaching the intersection. In
this case, visibility must also be validated from a decision point where cyclists determine if a sufficient

gap allows them to cross the ramp safely or if they need to stop and wait for such a gap.

Theoretical Foundations

The proposed design method is based on the principles of stopping sight distance (SSD) adopted for
road facility design, which is a distance resulting from the users’ perception-reaction time (PRT), their
velocity and their braking distance. These principles also apply to crossing sight distance (CSD), which
results from the PRT, the acceleration rate, and the crossing length.

First, it is established that priority at the intersection is given to motorists. For roads with posted speeds
exceeding 50 km/h, the TAC [7] states that crossings should give the right of way to motorists and
require cyclists to cross using available gaps in the traffic flow. This is also the position of Bruneau et al.
[8], who find it logical to consider that the road is more important when the posted speed is 80 km/h or
more, as cyclists do not expect motorists to yield to them. According to Schonfeld et al. [5], in addition
to geometric considerations, requiring cyclists to yield to motorists helps to ensure the safety of a free-
flow ramp crossing.

Next, the elements that allow for the calculation of SSD and CSD and the locations where these values
are calculated are positioned relatively to the crossing’s location. These elements are located in Figure 8
in the context of an off-ramp and can be adapted to the context of an on-ramp.

Page 6 of 20



Improving Design Criteria of Jughandles for Cyclists on High-Speed Free-Flow Ramps

Figure 8. SSD and CSD at the Crossing Location (Off-Ramp)
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Adapted from Tremblay [6]
Position of Standing Cyclists

The decision point (see Figure 8) corresponds to the location where cyclists in motion determine if a
sufficient gap is available to cross the ramp without stopping first. This point is located at a distance
corresponding to the cyclists’ SSD, measured from the setback margin relative to the traffic lane
(Dsetback)-

This setback margin corresponds to the position where cyclists are likely to stop. Although Bruneau et al.
[8] consider a cyclist standing at the edge of the roadway, meaning the width of the paved or unpaved
shoulder is excluded, it can be assumed that cyclists may stop further back. For example, for off-road
vehicle crossings, a type of vehicle that bicycles are not a part of, the MTMD [10] prescribes including
the width of the paved shoulder in the crossing length. Regardless of the paved shoulder’s actual width,
the considered value should be between 1.0 m and 3.0 m, inclusively. Since this margin increases the
crossing distance (Lerossing), it is conservative to provide such a setback margin for cyclists.

While the visibility of motorists is verified from the motorist’s position in the vehicle and not from the
front of the vehicle [10], it is assumed that the gap between the front of the bicycle and the cyclist’s
position is negligible. This simplification corresponds to the method applied by Bruneau et al. [8].

Users’ Speed

The velocity (V) of cyclists can vary greatly. In the absence of significant slopes, typical cyclists travel
between 10 and 32 km/h [6]. On one hand, a high design speed promotes adequate turning radii and
stopping sight distances (SSD) [10]. On the other hand, a low design speed promotes adequate crossing
sight distances (CSD) [3].

In the presence of a curve, its design speed can be measured using Equation 1, which contributes to
establish the design speed for cyclists approaching the conflict point. In this equation, the friction
coefficient is set at 0.4 [10] and the constant “127” results from the unit conversion between “m/s?” and
“km/h?”, rounded without decimals [17, 18].
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Minimum Curve Radius of a Bike Path

Viiemsm)
r=——" (Eq. 1)
127« (e + f)
Where:
e: camber £ coefficient of longitudinal friction (typically 0,4 m/s?)
Adapted from MTMD [10]

By designing a tight curve, the minimum and maximum speeds of cyclists converge. However, it is noted
that as the speed approaches “0”, the minimum radius also approaches it, even though the turning
radius of a conventional bicycle is not null [19]. Therefore, a lower limit must be considered for the
application of Equation 1. For example, the NACTO [20] recommends providing an inner radius of at
least 3.0 m (10 ft), while the Department for Transport [19] sets a radius of 4.0 m for a design speed of
10 km/h.

Regarding motorists, their velocity (V) can be associated to the design speed. According to the TAC [21],
the design speed for a ramp ranges from 60 to 100 km/h for a road with a design speed of 110 km/h.
The TAC [21] further states that an exit speed corresponding to 80% of the approach’s design speed,
measured at the bullnose, is representative. Such a statement assumes that the rest of the deceleration
occurs uniformly along the spiral.

However, the deceleration leading to this exit speed is performed in the area located immediately
before the exit ramp. Therefore, braking capacity cannot be added to that which led to this
deceleration. Consequently, it is conservative to assume that at the point where the braking maneuver
begins, the speed is equivalent to 100% of the design speed.

Considering that the design speed in a direct ramp of a major interchange is about 70 to 80% of the
design speed of a freeway [10], it is assumed that the design speed of an on-ramp corresponds to 80%
of that of the downstream road, at the point of the crossing.

On the roads where these ramps are found, a design speed 10 km/h higher than the posted speed is
retained [10]. For example, in the context of a freeway in Quebec, the design speed is 110 km/h, as the
posted speed is 100 km/h (CQLR c C-24.2 § 328(1)).

Calculation of Sight Distances

As mentioned before, this paper focuses on three sight distances for cyclists: stopping sight distance
(SSD) (see Equation 2), crossing sight distance (CSD) when in motion (see Equations 3 to 5), and CSD
when stationary (see Equations 3, 5 and 6). For motorists, only the stopping sight distance is relevant
(see Equations 7 and 8).
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First, it is necessary to determine the appropriate perception-reaction time (PRT). The MTMD [10]
generally recommends using 2.5 s, which corresponds to the 95 percentile PRT of all motorists. This
value applies to simple stimuli under normal conditions but can be increased for complex stimuli or
when unexpected or unusual maneuvers are required. For example, for a stop in a rural area, the MTMD
[10] recommends increasing this value to 3.0 s. Bruneau et al. [8] mention that the PRT could be
adjusted to 3.0 or 4.0 s, as cyclists’ crossings are rarely anticipated by motorists in rural areas. That being
said, they still use a value of 2.5 s in their work on this subject, which was the PRT prescribed by the
MTMD at the time.

The AASHTO [3] recommends a PRT of 1.0 s for cyclists. Bruneau et al. [8] adds that the Dutch non-profit
CROW (Centrum voor Regelgeving en Onderzoek in de Grond-, Water- en Wegenbouw en de
Verkeerstechniek) also recommends using a PRT of 1.0 s for a stationary cyclist. However, they conclude
that this value does not provide a safe margin for the cyclist. They instead suggest using a PRT of 2.5 s.

In summary, for cyclists and motorists respectively, a PRT of 2.5 s and 3.0 s can be used. However, these
values could be adjusted by the designer.

Next, it is necessary to determine the acceleration (a) and deceleration (d) rate of users. Approaching a
cyclist crossing, the AASHTO [3] recommends rates of 0.5 m/s? and 1.5 m/s?, respectively. For motorists,
the MTMD [10] provides a deceleration rate (d) of 3.4 m/s? to be used in Equation 7. Since Equation 8 is
based on the coefficient of friction, which is based on velocity, it is not necessary to determine the
deceleration rate. Since this method only considers the SSD of motorists, the same applies to their
acceleration rate.

Equation 2 allows for the calculation of cyclists’ SSD. The PRT and deceleration values are determined
according to the previous paragraphs and the velocity is set based on the configuration of the
jughandle’s curve (see Equation 1). In this equation and the following ones, the constant “3.6” results
from the unit conversion between “m/s” and “km/h”.

Stopping Sight Distance of a Cyclist

2
PRT(s) * Vgamm (Vim/n)/3-6)

SSDcyclist (m) = 3.6 (Eq. 2)

Zd(m/SZ)
Adapted from AASHTO [3]

Equation 3 allows for the calculation of the CSD of cyclists whether in motion or stationary. It is based on
the velocity of motorists and the cyclists’ crossing time (CCT), determined according to Equation 4 or 6.

Cyclist Crossing Sight Distance

Vmotorist (km/h) * CCT(S)
CSD(my = 36 (Eq. 3)
Adapted from MTMD [10]

Equation 4 allows for the calculation of the CCT of a cyclist in motion. First, the crossing length (see
Equation 5) is added to the SSD (see Equation 2) to obtain the total distance measured between the
decision point (see Figure 8) and one bicycle length downstream of the traffic lane. This distance is then
divided by the cyclist’s velocity.
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Equation 4 assumes a constant velocity, meaning cyclists maintain their speed when exiting the curve.
This assumption is conservative, as cyclists who accelerate downstream of the decision point would
reduce the CCT.

Moving Cyclist Crossing Time

CCT — SSDCyCliSt m t Lerossing (m)
moving (s) — Voem/m /36 (Eq. 4)

Adapted from AASHTO [3]

Equation 5 allows for the calculation of the crossing length (Lcrossing). This corresponds to the sum of the
setback margin (Dsetback) (see Figure 8), the width of the traffic lane (Wine), and the length of a typical
bicycle (Lpicycle), Which is 1.8 m [3].

Crossing Length

Lcrossing = Dsetvack + Wiane + Lbicycle (Eq.5)

Equation 6 allows for the calculation of the CSD of stationary cyclists. This corresponds to the sum of the
PRT, the acceleration component, and the crossing time. The velocity (V) used in the equation
corresponds to the speed reached by cyclists during the crossing, which also depends on the crossing
length (Lerossing). Indeed, over a short distance, cyclists do not necessarily reach their cruising speed.
Considering a crossing length of 8.0 m, which approximately corresponds to a 5.0 m traffic lane and a
1.0 m setback margin, it can be determined that cyclists reach a speed of 10 km/h. For simplification
purposes, it is proposed to use a velocity of 10 km/h in Equation 6, regardless of the actual crossing
length. This simplification is generally conservative, as a longer than mentioned crossing length would
allow cyclists to reach a higher speed and reduce the CCT.

Standing Cyclist Crossing Time

V(km/h)/3-6 + Lcrossing (m)
Za(m/sz) V(km/h)/36
Adapted from AASHTO [3]

CCTstanding ) = PRT(.S‘) + (Eq. 6)

For motorists, only the stopping sight distance (SSD) is considered. In the absence of a significant curve
in the braking zone, Equation 7 is applied. This corresponds to the sum of the distance travelled during
the PRT and the braking distance. In the presence of a significant curve in the braking zone, Equation 8 is
applied, which takes into account the effect of the curve on the braking distance. In these equations, the
constants “127” and “254” result from the unit conversion between “m/s?” and “km/h?”, rounded
without decimals [17, 18].
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Stopping Sight Distance of a Motorist

2
sp. PRI *Viamymy  Viiemyn) (Eq.7)
motorist (m) 36 254 % (d/g + p)
PRT (5)*V (km/n) Viemn)
SSDmotorist m) = 3.6k = e ) 2105
254*“(1.0371*%?{12/22)9)2‘(1‘;(7](:;{’1)) - e) ] ip} (Eq. 8)
Where:
d- deceleration rate (typically 3.4 m/s?) p: grade
e: camber R: curve radius
£ gravitational acceleration (typically 9.81 m/s?)
Adapted from MTMD [10]

Overview of the method

The proposed method for designing cyclist jughandles involves creating a sufficiently tight curve
upstream of the decision point, which is located at a distance corresponding to the cyclists’ stopping
sight distance (SSD). The proposed method includes several design values defined in Table 1.

Table 1. Design values

a. Angle between the jughandle and the ramp Wiane: Width of the ramp’s lane
[ Angle between the crossing and the ramp W,,s: Width of the paved shoulder
y. Angle between the road and the ramp Wiug: Width of the jughandle

(a + y): Angle between the jughandle and the road | Dsemack: Setback from the edge of the lane
(£ - 1): Angle between the crossing and the road Lpic: Length of a bicycle

Line: Internal curve radius Lerossing: Length of the crossing (see Eq. 5)
r: Curve radius (see Eq. 9) Lz: Design length (see Eq. 10)

L2 Resulting length (see Eq. 11)

Some design values are subject to a validity range, in accordance with the principles outlined earlier.
First, to respect the minimum turning radius of bicycles, the inner curve radius (rint) must be at least
3.0 m. Next, to meet applicable visibility constraints, both angle B and the difference between angles 3
and y must be between 75 and 105°, inclusively. This limitation aims to ensure good visibility both
towards the ramp and the road. Finally, the width of the jughandle (W) must be at least 1.5 m, as this
corresponds to the minimum width of a one-way bike path [10].

For geometric reasons, the method addresses off-ramps and on-ramps separately, but the underlying
principles are the same for the two settings.

Off-Ramp
First, the relationship between the dimension of the jughandle’s curve radius (r), the width of the

jughandle (Wjyg), and the selected design speed (V) is established (see Equations 1 and 9). Equation 9
corresponds to the sum of the inner radius (rint) and half the width of the jughandle.
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Second, the design length (L;) is determined using Equation 10, which corresponds to the sum of the
stopping sight distance (SSD) (see Equation 2) and the setback margin (Dsetback), from which the width of
the paved shoulder (W, ;) is subtracted.

Third, the resulting length (L,) is obtained using Equation 11, which depends on the dimension of the
other components of the triangular-shaped jughandle, including angle a. The selection of this angle aims
to balance minimizing the detour imposed on cyclists (smaller angle) and minimizing the jughandle’s
footprint (larger angle). This equation is valid only if the curve radius of the exit ramp is large enough for
the edge connecting angles a and B to be assimilated to a straight line. Otherwise, this equation should
be circumvented, for example, by using computer-aided design (CAD) software.

Relationship Between the Components of a Cyclist Jughandle

W:
=T + 12ug. (Eq.9)
Ly = SSD + Dsetpack — Wp.s. (Eq. 10)
L, + sin(B) N r sin(B) 1
= * —
2 sin(a) ¢ (180° —a-— B) sin(a) (Eq. 11)
a2

Figure 9 graphically presents the geometric components used in Equations 9 to 11. Figure 10 presents
other geometric components shown in Table 1. The 6 m radius identified in this Figure corresponds
approximately to a design speed of 20 km/h (see Equation 1) and aims to reduce cyclists’ speed
upstream of the jughandle curve and maintain cyclists’ speed when accelerating at the exit of the
crossing. This value is set for simplification purposes, but a higher value could be used in a particular
context. Also for simplification purposes, the effect of angle B, whose value is not necessarily 90°, on the
crossing length (Lcrossing) is excluded. According to a validity range of 75 to 105°, the crossing length varies
by at most 4%, which is negligible considering the width of the paved shoulder (W, ) and of the lane
(Wlane)-

Figure 9. Geometric Components of Figure 10. Geometric Components of
a Cyclist Jughangle a Cyclist Jughangle at an Off-Ramp
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On-Ramp

Despite the different geometry, the design of the approach to the intersection of an on-ramp is similar
to that of an off-ramp. The values r and L; which are shown in Figure 11, are established in the same way
(see Equations 9 and 10).

Figure 11. Geometric Components of the
Cyclists’ Crossing at an On-Ramp

Radius=6m

_,_deﬁ_xx_,_,_,_,_,_,_,
W

The proposed geometry is halfway between those presented by Schonfeld et al. [5] and the TAC [7] (see
Figures 6 and 7). It does not include a jughandle downstream of the intersection but includes a widening
similar to that found in Figure 4. This geometry minimizes the footprint of the intervention while
avoiding cyclists having to slow down or adopt a curved trajectory in the intersection, as is the case for
the configuration shown in Figure 7. Such a trajectory would increase cyclists’ exposure time.

As with off-ramps, the effect of angle B on the crossing length (Lcrossing) is neglected, and a curve radius of
6 m is used downstream of the intersection, which corresponds approximately to a design speed of
20 km/h (see Equation 1).

Validation of Sight Distances

The final step of the method involves validating the sight distances at the decision point and the position
of stationary cyclists (see Figure 8).

In the case of an off-ramp, the crossing sight distance (CSD) of cyclists in motion, the CSD of stationary
cyclists, and the stopping sight distance (SSD) of motorists are measured using Equations 3 to 8. The
absence of obstacles in the visibility triangle formed between motorists and cyclists at the decision point
or the stop position is then validated. The validity range of angle B and the difference between angles 3
and y ensure that cyclists can observe motorists approaching the intersection.

In the case of an on-ramp, the CSD of cyclists and the SSD of motorists are also measured to validate the
visibility triangle. However, in this context, the angle formed between the ramp and the road is
irrelevant, as a larger angle would only improve motorists’ position in the cyclists’ field of vision.
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Application of the Proposed Method

For the application of the method, the values presented in Table 2 are assumed. It is also assumed that
the road is straight at the ramp location and that the ramp has a sufficiently large radius to assimilate
the edge connecting angles a and B to a straight line.

The following assumptions aim to design a minimally dimensioned cyclist jughandle, with a design speed
of 10 km/h and an inner radius (rint) of 3.0 m, which is the minimum recommended by the NACTO [20].
The chosen angles and jughandle width respect the validity range provided for the application of the
method.

Table 2. Design Hypotheses

a. 30° Iine: 3.0m Dietpack: 1.0m
£ 90° r. calculated with Eq. 9 Lpic: 1.8 m
y.5° Wane: 5.0 m Lecrossing: calculated with Eq. 5
(a+y):35° W,.s: 2.0 m (off-ramp) Ly calculated with Eq. 10
(B-1n:85° W.s: 1.0 m (on-ramp) L2 calculated with Eq. 11
Wiug: 1.5 m
Off-Ramp

For the design of the off-ramp, the curve radius (r) and the SSD of cyclists are first determined using
Equations 2 and 9. Values of 3.75 m and 9.5 m are obtained, respectively. The design length (L;) is then
calculated using Equation 10, which results in a length of 8.5 m. The resulting length (L) is then
determined using Equation 11, which results in a length of 28.2 m.

At this point, the crossing sight distance (CSD) of cyclists and the stopping sight distance (SSD) of
motorists is validated using Equations 3 to 8. For cyclists, a distance of 190.5 m is obtained when in
motion and 247.1 m when stationary. For motorists, a distance of 229.1 m is obtained for a design speed
of 110 km/h. Among the three values, the greatest is retained at either the standing position or the
decision point. Here, the CSD of cyclists at the standing position (247.1 m) is the governing value.

On-Ramp

For the design of the cyclist jughandle, the radius of curvature (r) as well as the SSD of cyclists is first
determined using Equations 2 and 9. Values of 3.75 m and 9.5 m are obtained, respectively. The design
length (L) is then calculated using Equation 10 and a distance of 9.5 m is obtained.

The CSD of cyclists and the SSD of motorists is then validated using Equations 3 to 8. For cyclists, a
distance of 155.8 m is obtained when in motion and 202.1 m when stationary. For motorists, the
distance obtained is 167.0 m for a design speed of 90 km/h. Among the three values, the greatest is
retained at either the standing position or the decision point. Here, the CSD of cyclists at the standing
position (202.1 m) is the governing value.
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Comparison With Current Design Criteria

Using the design assumptions from the previous section, the results of the proposed method can be
compared with current design criteria. Figure 12 shows the case of a cyclist jughandle, where “Lcurve”
corresponds to the arc length of the multiple-radius curve and “Depth” corresponds to the distance
between the edge of the paved shoulder and the end of the cyclist jughandle. Figure 13 shows the
comparison at an on-ramp where “rex.” corresponds to the external radius of the curve.

In both cases, the use of current design criteria is complex, particularly the design of a variable-radius
cyclist jughandle based on the arc length of the curve.

It should be noted that the design length (L) is reduced by the actual width of the paved shoulder
(W,.s.). Because, according to the assumptions made (see Table 2). Wy is larger than the setback margin
(Dsetback) in the case of the Off-Ramp, L, is shorter than the SSD of cyclists.

Figure 12. Comparison of the Current and
Proposed Criteria at an Off-Ramp
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Figure 13. Comparison of the Current and
Proposed Criteria at an On-Ramp
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Comparison With Real Cases

Using the design assumptions stated in Table 2, the configuration obtained by applying the proposed
method can be compared with real cases where cyclist jughandles have been implemented.
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Interchange Between King George Boulevard and Highway 99 (British Columbia)

The first case analyzed is presented in Figure 14. It is located at the northern approach of the
interchange between King George Boulevard and highway 99 in Surrey, British Columbia. The cycling
facilities are situated at the arterial interface rather than the freeway interface.

It is noted that the proposed configuration has a larger footprint than the existing configuration.
However, both the existing cyclist jughandle configuration and the curve upstream of the on-ramp do
not allow cyclists to determine if the gap is sufficient before crossing the ramp. Yet, in both cases, the
intersection is not controlled by a stop sign at the cyclists’ approach.

It should be noted that the design length (L) is reduced by the actual width of the paved shoulder
(W,.s.), which is larger than the setback margin (Dsetback) for which an assumption of 1.0 m was made.

Figure 14. Comparison Between Existing and Proposed Jughandles
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Interchange Between Highway 137 and Freeway 20 (Québec)

The second case analyzed is presented in Figure 15. It is located at the northeastern quadrant of the
interchange between highway 137 and freeway 20 in Saint-Hyacinthe, Quebec. The cyclist jughandle is
situated at the arterial interface rather than the freeway interface. In this particular case, the jughandle
connects two segments of a one-way bike path rather than two segments of a paved shoulder.

By applying Equation 1 and assuming a superelevation of 0%, it can be determined that the design speed
of a curve with a radius (r) of 13.0 m such as the one found in the existing cyclist jughandle is
approximately 25 km/h. Despite this, the downstream intersection is controlled by a stop sign at the
cyclists’ approach. Such a mode of control is justified by the fact that the existing jughandle does not
allow cyclists to determine if the gap is sufficient before crossing the ramp.

It should be noted that the design length (L1) is reduced by the actual width of the paved shoulder
(W,.s.), which is larger than the setback margin (Dsetback) for which an assumption of 1.0 m was made.
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Figure 15. Comparison Between an Existing and a Proposed Jughandle
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Discussion

The following discussion focuses on the findings from the development and application of the proposed
method, the mode of control of the intersection between the ramp and the cycling facility, the
validation of the method, and its potential for simplification.

Findings

In the development of the proposed method and its application to real cases or in comparison with
current design criteria, it was first noted that the selection of users’ perception-reaction time (PRT) is of
great importance. In this article, conservative values were used, namely 2.5 s for cyclists and 3.0 s for
motorists. However, if it can be demonstrated that lower values can be used safely, such as a PRT of
1.0 s for cyclists [3, 8] or of 2.5 s for motorists [10], the visibility constraints and the sizing of the cycling
facilities targeted by the method would be greatly reduced.

In addition to the PRT, uncertainties were noted regarding angle a and the setback margin (Dsetback). The
selection of the angle aims to find a balance between minimizing the detour imposed on cyclists (smaller
angle) and minimizing the jughandle’s footprint (larger angle). However, the assumption of a 30° angle
could be questioned, knowing that current design criteria and observed real cases use an angle of less
than 30°. For instance, the Oregon Department of Transportation suggests an angle of approximately
15° [22]. The selection of the setback margin aims to find a balance between the use of a comfortable
standing position for cyclists and the jughandle’s footprint, and thus the detour imposed on cyclists.
Rather than using an arbitrary value, it might be relevant to systematically use the width of the paved
shoulder, while respecting a validity range of 1.0 to 3.0 m, as the MTMD [10] does for off-road vehicles.

Although this paper primarily focuses on cyclist jughandles, which are notably found at the intersection
of off-ramps, the expansion of the method’s application to on-ramps led to the formulation of a
configuration halfway between those presented by Schonfeld et al. [5] and by the TAC [7] (see Figures 6
and 7). The presence of a cyclist jughandle downstream of the intersection is not justified by the
proposed method and represents a detour for cyclists using the jughandle while accessing from the on-
ramp, at least in the form illustrated in Figure 6. Conversely, simply widening the paved shoulder
downstream of the intersection does not allow for a full acceleration, as without taking a curved
trajectory, cyclists would have to significantly slow down to make a sharp turn on the paved shoulder. In
both cases, this would increase the exposure time of cyclists.
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Mode of Control at the Intersection

As shown in Figures 12 to 15, the configuration resulting from the application of the method may
require a larger footprint than current design criteria or real cases. This constraint arises from the
assumption that the cyclists’ approach is controlled by a yield sign. Nevertheless, it is possible to apply
this same method in a context where the intersection is controlled by a stop sign. In this case, a distance
less than the cyclists’ stopping sight distance (SSD) could be considered in Equation 10, but a “stop
ahead” sign should be positioned upstream of the curve [23]. In the presence of a stop sign, the
jughandle would help improve cyclists’ visibility and predictability of their movements but would not
meet the objective of keeping them in motion. For this reason, the use of a stop sign rather than a yield
sign should be avoided when possible.

Validation of the Proposed Method

The proposed method is based on existing theoretical models applied in other contexts. However, it
seems relevant to test some of the design assumptions previously stated, particularly the width of the
cyclist jughandle (Wjyg.) or the radius of curvature (r) and their alignment with the design speed. As
mentioned earlier, the selection of the radius of curvature aims to reduce cyclists’ speed at the
approach of the intersection and, consequently, to reduce the cyclists’ stopping sight distance (SSD). It is
therefore essential to verify that the selection of these values is consistent with the design speed.

Nevertheless, considering the issues identified with current design criteria and the flexibility offered by
the proposed method, this need for validation does not translate into an increased risk for user safety.
Indeed, compared to current criteria, the proposed method increases cyclists’ visibility and encourages a
reduction in cyclists’ speed at the intersection approach. This represents benefits, regardless of the
actual speed at which cyclists might use the facilities resulting from the proposed method.

Potential for Simplification of the Proposed Method

The proposed method allows for varying the design speed of cyclists. However, any increase beyond the
minimum speed set at 10 km/h would result in an increase in the sizing of geometric elements,
particularly the design length (L1). Since, for the tested configurations, the crossing sight distance (CSD)
of stationary cyclists is greater than that of moving cyclists, the advantages of a higher design speed
remain to be demonstrated, if any.

Increasing the size of geometric elements will also increase the detour imposed on cyclists. In this case,
it is possible that cyclists will ignore the facilities provided. For example, in the case of grade-separated
facilities causing detours for cyclists, the AASHTO [3] highlights this possibility and warns against an
increased risk of collision when cyclists ignore the facility provided and attempt to cross the interchange
at grade without a dedicated facility.

By setting the design speed of cyclists at 10 km/h and, consequently, the radius of curvature (r) and the
SSD of cyclists, a significant simplification of the method could be considered. In these circumstances,
other geometric elements would be determined exclusively by the particular configuration of the ramps
where cycling facilities would be implemented.
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Conclusion

The safety of cyclists on high-speed roads (i.e., over 50 km/h) is a crucial issue, particularly in areas
where dedicated cycling facilities are limited. Free-flow ramps, with their significant speed differential
and sometimes complex geometry, pose substantial challenges for cyclists’ safety. Current treatments in
Canada and the United States of America do not adequately address cyclists’ visibility and safety needs,
highlighting the importance of developing rigorous design criteria for cyclist jughandles.

This article proposes a systematic method for designing cyclist jughandles, based on the calculation of
cyclists’” and motorists’ stopping sight distance (SSD) and crossing sight distance (CSD). By considering
the geometry of the ramps, user speed, and crossing angles, this method aims to optimize the safety
and predictability of maneuvers. Comparison with current design criteria and real cases demonstrates
the potential for improvements in terms of safety and standardization.

Although the proposed method is based on existing theoretical models, it is preferable to test and
validate some of the assumptions formulated in real contexts. Further studies could explore the impact
of different geometric configurations on cyclists’ safety and the functionality of cyclist jughandles.
Additionally, integrating the proposed method into relevant design standards may require adjustments
based on feedback and empirical data.
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