






PLAN 548L - Oct 14, 2026

..................................................... INST ALEX BIGAZZI:	Okay, hello, everyone, welcome back, I hope you had a good long weekend, maybe doing accounts
or something like that.	So the assignment is due on Friday, and a week from today, we'll be having a field workshop and remember a longer class period.	We'll meet in the, I'll tell you on Friday exactly where we'll meet, at the building, somewhere outside,
because we're going to be out and about, I'll keep an

eye on the weather, and hopefully it's not really too pissy bad.
STUDENT:	Can we deliver the assignment with a little bit more than 10 pages, like 15?
INST ALEX BIGAZZI: That's a lot more. Yeah, I'm not sure what the wording I used is, I said approximately? Oh, squiggly, that's approximately, yeah, 15 is pushing
it, but, yeah, that's okay.

STUDENT:	If, say, you submitted 15, how -- is that including the appendices, just like if you count --
INST ALEX BIGAZZI:	If your appendix is more report than that would count.	But if your appendix is just like data tables, then that does not count in any kind of limit.	So if it's just additional record keeping, then -- but then you can have as much of that as you
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want.	But it shouldn't be content to address the assignment objectives in the rubric.
STUDENT:	Okay, would that include, like, if you were going through your methodology how you, if you wanted to make the details could the results be in the report.
INST ALEX BIGAZZI:	Yeah, but make sure the report body describes the key things for us the assignment which is kind of valuation of the relevance of the factors that you used and the confidence you have in the estimate.	Make sure that's in the main body of the report.
STUDENT:	The question about ADTs, most of the sources you gave was a type list (?) I'm sure we're going to find data from the city.	Do those --
INST ALEX BIGAZZI:	There's almost no permanent counters.

STUDENT: Do they need to be calculated separately, if not can we use the -- expenditure factors for pedestrians, and if they do need to be counted do we have a
source --

INST ALEX BIGAZZI:	I don't have a good source, they don't have to be done separately, so you can use the same factors recognizing that one limitation you're
bringing up.

STUDENT:	Open data has the traffic -- the pen and...comes








from two...Vancouver, it's not all intersections, but they have quite a few.
INST ALEX BIGAZZI:	But they're not continuous counts? STUDENT:	No.
INST ALEX BIGAZZI:	That's the challenge, you need the continuous counts, and there's very few of those, and they're typically at trails, trailheads, so it's hard to get an experience factor for a sidewalk.
Okay, good.	Good?	Cool, thanks.

Looking forward to seeing those.	We're going to pick up where we left off, we're going back a couple
of slides because we were talking about stopping

distance, remember this as a really critical factor for geometric design, because this says how far ahead people need to see.	I'll show you how it comes into play in curves in a moment.	But first we want to know what is the stopping site distance for wheeled vehicles, for micromobility devices; right?	Here is the formula, you have speed and you have this friction factor, so speed is the design speed, remember we picked something towards the high end of distributions we expect to see not the average but some kind of high speed.	And then we need the friction factor which is essentially the deceleration rate, and we want to be conservative of that as well, we want to pick a small








value that says there's less deceleration rate because that's more conservative, the more that deceleration rate is, meaning closer to 0, the longer distance they need in order to stop.	Everyone following that conceptually?
So I showed you there's a fairly wide variety

here in the .2, .3 range from a number of different design sources, and I also showed you this example from -- now 20-year-old study from The...Highway
Administration which had measured it very small sample

sizes for a wide range of devices.	The reason I'm showing you this 2001 example because that's about all there is for a wide variety.	I mentioned we did an experiment here to measure unexpected cyclists, emergency braking, or emergency stopping to an unexpected event, and I pointed out that the
perception reaction time it's very short for cyclists, suggesting that cyclists are quite vigilant and have quick reaction time, but the deceleration rate isn't
as aggressive as some of the assumed values from the

literature, meaning this is one -- in terms of design guides, this is very conservative.	This is probably not that conservative.	But when you plug that into the equation, because speed is important,
speed-squared -- sorry, that was wrong.	Perception








reaction time is so important.	Having a really long one gives you enough distance to safely stop.
So that is one kind of sight distance, stopping for an emergency, and that means there's some
crash-causing fixed object in the path you don't

expect to see.	But you don't always want to be riding around fairly avoiding a crash, you have to be hypervigilant, and that's not the environment we want to create.	So there's something else called comfortable site distance, this isn't in the BC but in the Dutch, this is the in CROW manual, the idea is we want to provide more sight distance so they don't
crash into a fixed object. We want people to see well enough ahead that if they need to glance down at their gears or stretch their back a little bit, because
there isn't always the minimum sight distance.

So what they recommend is 4 to 8 to 10 seconds. What that means wherever I am now, given my current speed, I can see where I will be in 8 to 10 seconds ahead of time which gives me plenty of time to respond to hazard and issues that are coming up.
What does that mean?	I showed you some sample

calculations here for a given design speed and remember grade comes into these as well.	For 30 kilometre design speed which is our normal one, so 20








to30 downgrades or upgrades.	This is what the sight would be in metres and the comfort distance would be in metres.	You only provide 20 to 50 metres of forward sight distance for emergency stopping, but if
you want to make people comfortable, it's more like 60 to 110 metres of forward sight distance.	So this requires a lot more generosity in the design
STUDENT:	Do they have something like this comparable for

motor vehicles?

INST ALEX BIGAZZI:	Yeah, there's something called -- yes, something decision sight distance where you put navigational signs or things like that or emerge
signs.	And also passing sight distance, which determines if you're on a two lane highway, which is a little bit different, it's not comfort, but it is to account for some of these things besides just
emergency stopping.

So this would be kind of something to aim for where you can, but this would be a hard minimum in terms of designing for safety.	This is designing for comfort; this is designing for safety.
Okay.	So now how do we create those distances?

That's where the geometric design tasks of designing a road curvature, if there's no curves, it's straight
and flat, we have no you issues, the curvature of the








earth is, like, 20 kilometres or something.	Where these come into play is in our horizontal curvature, so the left-right curvature of the pathway in this plane, and our vertical curvature of the path in the elevation profile.
So I'm going to give you a really quick overview

of how sight distances come into play recognizing that for a full treatment you should refer to the TAC geometric design or take transportation engineering 1 where this is covered in exhaustive detail.
Okay.	So for vertical curves, the idea is if you're -- if there's a hump in the road like this, and you're moving along this, there could be a hidden obstacle in the crest of the curve.	So I need to be able to see far enough over this curve that if there's a fixed object here, and I'm riding up the hill, I can see that object in at least the stopping sight distance.	So that's going to depend on my eye height, the height of the object, and how steep that curve is. So with a very steep curve that I don't have good
sight lines over it.	If it's a gentle curve I do have good sight.
We have the curvature, basically the horizontal distance to require to achieve a 1% grade in road grade.	Standardized metric.	And how we describe the








steepness of the vertical curve.	The faster I'm going to more sight distance, so the more gentle this needs to be, conversely if I have a really steep curvature, like an abrupt hill, I need to plan for a lower
cycling speed so that the stopping distance sight is shorter.
It turns out for cycle traffic we tried to design for a curvature of 5 or 6, which means we have five or six metres for 1% change in elevation, and
that is consistent with the motor vehicle design speed

of 30 to 45 kilometres if there's no passing zone. What that means for most collector streets or larger, the vertical curvature is designed for vehicles is enough for typical cycling.	It's not a constrain on mixed cycling facilities but it comes into play where you have some off-street abrupt curves.	Something to think about in terms of the design speed.
What are some of the factors that might lead us

to want a gentle curve?	Can anyone think of one? What is a contextual factor or a design user factor that would lead us to say we need a gentler curve, vertical curve in this location?	So yeah.
STUDENT:	Maybe like school zone if there's a lot of kids using the facility.
INST ALEX BIGAZZI:	Why does that come in.








STUDENT:	Because they're shorter.

INST ALEX BIGAZZI:	Yes, eye height, lower eye height, that's a tighter constraint.	A recumbent bicycle, too.	Where the person is sitting or kind of reclined instead of sitting in the saddle, lower height for that.
STUDENT:	Like a larger-scale area where it's really rainy, where the roads are more slippery.
INST ALEX BIGAZZI:	Absolutely.	If we want to say this is a common slick surface, maybe it's an off street path, so it's often a web surface, we want to design for a smaller frictions factor which needs a higher K...you see how these parameter assumptions who is our design user and what is the context can lead to differences
in the design.

Okay, so these are vertical curves which are designed as parabolas.	Now, horizontal curves, they are designed as circles instead of parabolas.	It relates to just easier mathematics back when this was all done with pencil and paper.	For horizontal curvature we again have a sight line, but now it's obstructions on the inside of the curve.	I was riding around on North Van, perfect, visual, what fun.
So coming around a horizontal curve, and sight

obstruction, there's a fallen tree or fallen human








just around this curb, I can't see them.	So I need to have enough sight distance that I can see them at
least stopping distance away.

So we have this equation, which is really just geometry to say how far back from the inside of the curve is the obstruction need to be for me to be able to see the far side of the curve?	And the way we --
so we have that curvature for characterizing vertical,

for the horizontal we use something called the radius. If you have a curve with a tight radius, and a curve with a big radius it's a wider curve.	And the larger it is, the easier it is to see around that
obstruction; right?

So that's that R, this radius of curvature.

This is important for intersection design.	A small r is a tight turn.	Big R it is a less tight turn.	We always assume that the person is riding along the inside edge of the pathway here.	So that's part of our conservative design assumptions, and we basically say what is our setback need to be for a given radius to stop distance.		If we have a situation where we can't meet this, what are some counter measures we might use to improve
STUDENT:	Signage.

INST ALEX BIGAZZI:	What are you going to put in your








sign.

STUDENT:	Hazard ahead.

INST ALEX BIGAZZI:	Sure, signage is kind after second-tier approach, we wanted to fix it in the design first, and if we can't we fall back on the sign.
STUDENT:	Mirrors.

INST ALEX BIGAZZI:	Yes, first we wanted to provide the sight distance, and if we can't, signs and mirrors.
STUDENT:	I was going to say obstructions.

INST ALEX BIGAZZI:	A good place to start is get rid of the obstruction, pull it back, cut the tree, can't really move the building, but if you can't move the obstruction, what else can you do.
STUDENT:	Move the bike path.

INST ALEX BIGAZZI:	Pull the path away from it.	You had one?
STUDENT:	I was going to say obstruction.

INST ALEX BIGAZZI:	Good.	I've sometimes seen people just do a quick fix with just hashing, they'll put an edge striping here with some hashing to move the cyclists away from the inside track a little bit.	Remember
like I said for this design constraint, we assumed eye height right at the edge.	We can leave the physical path where it is, but put some paint to direct








cyclists a little bit away to give them sight distance.
STUDENT:	Maybe this is probably also a fallback, but similar to the sign, but a light that shows up for traffic signals that might be ahead.
INST ALEX BIGAZZI:	Oh, yeah, interesting.	So, yeah --

STUDENT:	Maybe more for cars.

INST ALEX BIGAZZI:	If there was a signalized intersection here.
STUDENT:	Yes.

INST ALEX BIGAZZI:	That's one way to do it.	Just as an aside, because you said that, that two-and-a-half second perception reaction time is for a fully unexpected hazard.	We use a different one for a traffic signal where someone would be alerted ahead of time that the traffic signal might change colours
two-and-a-half means I expect it to be totalled clear and something out of the blue unexpected to be there. If it's a traffic signal or something that I could reasonably expect to be there, you can use
one-and-a-half, two second shorter reaction time. STUDENT:	Does the hashing not make crashes more likely by
pushing the bikers into the others in the same direction.
INST ALEX BIGAZZI:	Good point, there's a trade-off there








in terms of a potential -- depending on the width of the path, a potential risk of creating a different kind of conflict.	But if you -- so for that -- so there's a different -- slightly different sight distance required for head-on conflicts, and that's that passing sight distance that I obliquely referred to before.	If you're going to push them over where they would be over the median line, then it probably wouldn't be worth it, because you would have to calculate a longer sight distance required if something's moving towards you versus a fixed object in the path.
But in these kind of situations, you can often take off 20 centimetres, something like that, and so you would still have design width on the right side of the path, but something definitely important to consider.	So you wouldn't want to take away half the path, but you can lose 10, 20 centimetres potentially, good point.
STUDENT:	How much is bushes and trees considered in

design in terms of the shy distance, for example? INST ALEX BIGAZZI:	Yeah, it is typically included.	So
you will have placement of those -- of trees and things like that in the overall design, which some assumption about maintenance, which may or may not








hold in the long-term; right?	So my guess here is this was designed -- to have a certain type of maintenance activities that just haven't been happening there and it's allowed them to grow in the path.	Good question.
I think the one we didn't mention is the

increasing the radius of the curvature, you could also pull the outside edges back, so increasing the radius of curvature can also increase the sight distance.
So that's -- those are sight distance issues,

for vertical curves and for horizontal curves, for horizontal curves we have another design criteria, which is related to lateral acceleration, for both traction and comfort.	And this ties into traffic calming as well, it's important for bikes as well as for motor vehicle.	Oh, what was that -- what was the space movie.
STUDENT:	Project Hail Mary.

INST ALEX BIGAZZI:	If you're into space and orbits and things like that if when you are travelling in a circle, you're constantly accelerating towards the centre of that, centrifugal acceleration, so as you're going -- remember we're designing them as circles,
when you're moving you're constantly going inside that

curve, and the rate of that acceleration depends on








the radius of the curve.	So the tighter the radius of the curve for a given speed, the greater the lateral acceleration to the inside of the curve; right?
So besides sight distance, even if we have

plenty of sight distance, when we're going through the curve we're experiencing this lateral acceleration, which has two big design considerations.	One is where our tires make contact with the surface, there has to be enough traction to avoid sliding to the outside of the curve.	So there's a traction issue.	And the secondary issue is you will experience that acceleration horizontally which can create discomfort for you.
So those two factors are important consideration

for both safety and comfort.

So we use -- so naturally when people are turning to mitigate that feeling of lateral acceleration, people slow down, and also because of concerns of traction failure, so sliding out on the bicycle, but also in cars as well.
So we actually use this strategically to slow people down, both bikes and cars.	We introduce horizontal curvature, and the smaller the radius of that curvature, the more people slow down because the more horizontal or lateral acceleration they'll








experience at a given speed, because the radius and the speed interplay to create that horizontal acceleration.
So in path design and in roadways for traffic

calming at roundabouts as well, we purposely designed small radius, bicycles and motor vehicles to slow
down.

But we also -- if we want to achieve -- we -- we aren't always trying to slow people down.	If we're
not in a situation where we are trying to manage

bicycle speed.	If we want to provide a 30-kilometres for cyclists, we wanted to make sure the radius isn't too tight so we don't risk people sliding out for whatever the surface happens to be.
This issue isn't addressed, the CROW guidelines provide minimum radius for horizontal curve for a given design speed.	So some of that is in the CROW manual in terms of providing a comfortable horizontal curve already.
In the ATDG, it mentioned that because of the

challenge of navigating a curve and for cyclist to

lean over to compensate, they suggest to provide extra width to your path to provide for the inconsistent trajectory of the cyclist through a curvature.	But if you 2022 provide comfortable curves, this is a good








guidance to use from the CROW manual.

And just to think about it, so for highways one of the things we do is introduce something called superelevation -- one of my favourite traffic engineering terms -- and superelevation is creating a banked turn essentially.	So you raise the outside, you create a cross slope, and what that does is reduces the amount of traction required because now some of that lateral acceleration is being handled by the bank turn.
So we don't need to draw a diagram to get into the weeds here, but that's the way it's managed on motorways.	We generally don't use superelevation on active transportation facilities, and the reason for that is whenever you introduce superelevation, you create risks for very slow travellers, because if it's slippery they can slide to the inside of the turn.
For highways that's not they have 12% on a freeway.

On horizontal curves we do not want to do that, so we will generally have a maximum cross-of two%.	So we -- I put this picture here because that's in cycling envelop drones, so the cyclists can maintain the high speed without sliding.	But in these tracks, these -- if you've ever seen the Olympics they have to maintain the 15 kilometres an hour or they will slide down the








wall of this embankment.	We do not want to design a path with a minimum speed there.
Any questions about this?

STUDENT:	Is creating a horizontal curve...

INST ALEX BIGAZZI:	So chicanes is a -- a chicane is where you introduce a couple of elements which requires people to take a path which has horizontal curves in it, you're exactly right.	We're not introducing horizontal curves in a facility but a couple of obstacles which requires people to do this, to have a little jog in their path.
So imagine this is my pathway, perfectly

straight -- I wish I had a water bottle, I introduced two fixed objects here, let's do them like this, requires me to go here and then there to come back in. I've introduced three horizontal curves there I think. So if you have to do a little jog like that, there's a horizontal curve to the left to the right and to the left again.	So when you design the chicane depending on the distance between them and how far they
protrude, you can see what the implied horizontal radius is to track there and you can see where the traffic calming is.
Good point.	This idea of horizontal curvature,

can it be in the alignment of the facility, or in the








expected user path through a space because of things like Schick 18ths.
STUDENT:	I'm not an engineer, but I know that for things like railways and motorways, my understanding is that they would avoid going through a straight road to part of a circle because it would cause jerk, to quickly start accelerating centrifugally.	I'm assuming that cyclists are going slow enough that this isn't a consideration.
INST ALEX BIGAZZI:	This is real weeds stuff.	When I am

guiding a car or a bicycle, and I have some sort of a control mechanism which controls the directions of the wheels.	I'm going in a straight line, I have my hands here, and my radius of curvature is infinite.	I'm not in a horizontal curve.	And I want to navigate a
curve.	So I have my wheels in a direction that

matches the curvature of the circle, and here we go, I'm going around a circle, steady state, constant, concentric trajectory, but I can't instantaneously go from here to here.	There's a transition phase.	If you're a driver and entering a horizontal curve and you're here and turn the wheel, and what's happening is the radius of curvature in your path is from infinite to match the curvature of the curb and back up to infinite.	So there's a transition.	So often








traffic engineers will design a spiral curve as a transition, and essentially it's -- instead of having straight and then a constant radius, it's straight and then eases the radius down to its curvature and comes back out of it.
That's typically not done on pathways.	In fact

often -- you'll see some examples of photos where often pathway designers don't bother designing horizontal curves, they do just straight alignments nosing into each other.	I see some smiles.
So it's pretty common in fact.	Because designing a horizontal curve, the design is not hard but the destruction is a little more complicated, pathways with straight alignments, no curves connected to them.	You'll not do it on a road.		You'll do it on a path, almost never spiral on pathways, more complicated than necessary, and typically the -- if
you aren't doing the kind of proper curvature, then

you can't...

So if you do a roadway with a spiral curve, they will increase the lane width by, you know, 50 centimetres at most, yeah, 20 to 50 centimetres and
say well, they will drift a little bit in the lane to compensate for this spiral type motion, but they'll manage it.








It's a very weeds question, good one, though. Makes sense. I'm not going to ask you about spiral curves on anything but it's a good question.
I took this photo a few years ago, this is one

of the moments oh-oh. I had to pull over to take this picture, this was in Japan, and you can see why I was excited.
STUDENT: ...

INST ALEX BIGAZZI: I don't know what driver education is like in Japan, but here -- well, okay, they would use a different approach here, they've written the radius of the curve, advisory a height turn coming up with a
210 metre radius I believe is what that was.

What would be more common here?

STUDENT:	Be one of those 60 kilometre an hour with a bunch of turns that indicate that you need to slow down.
INST ALEX BIGAZZI:	Here we're more prescriptive instead

of saying here is what a design is, we say you should go this speed, whereas there they say here is the radius of curvature, you know your car, do what you want with that.
And so if you drive the Sea to Sky highway, and this is a design point, so we have the white signs, speed limit signs which are the regulatory signs which








set a traffic offence for exceeding theoretical.	And we have the yellow which are advisory signs which are typically the recommended speed given the radius of the curves, which are sometimes lower than the speed limit.	So you can have an 80 kilometre an hour speed limit, but horizon design 70, curve, 70 kilometres an hour, and that is not that people have to go that speed, but that is the design speed for using pretty conservative values for the characteristics of the vehicle.	So most people will go faster than that, but, you know, we use a different approach here.
And then just kind of one other -- I can't

remember -- it's not a great place to put this, but some norms for longitudinal pavement markings to be aware of, you probably already are vaguely aware of this.	But it's actually enshrined in the MUTCD is in North America we use white lines for separating movements in the same direction generally, and yellow lines for separating movements in opposing directions, generally.	This is not everywhere that you'll see this, but this is the standard marking approach.	So very common highway looks like this.	Yellow
separating movements in opposing directions, white separates movements or functional uses going in the same direction.	And in general, the double line








prohibits passing, and a single solid line discourages passing, and a broken line, which is typically three empty spaces and one painted space, so it is
permissive for any kind of operational reason you want

to.	Whereas a solid line should only be crossed for unique needs but can be crossed.
This will come up because this is not always followed in active transportation spaces, but more and more the guidance is to try to follow this convention so that if you -- as we have this accommodation of
one-way and two-way cycle tracks, we want to try and kind of borrow the norming that's already happened in the motor vehicle streets to help communicate -- this is a two-way cycle track, this is a centre line dividing directional flows.
Okay.	That's it for lecture 3.	Oo-hoo.	Get

out of there.	Lecture 4.	We're going to move into pedestrian facilities signs.	So everything we've designed -- we've talked about so far has been kind of general principles.	The next few lectures are going
to move through pedestrian facilities, cycling facilities, mixed -- and mixed use facilities, and intersections after that where all these things come together.	This one talks about pedestrian facilities, we'll talk about general guidance and then talk about








the pedestrian through zone, the most functional, the other parts of the street environment, and finally some particular focus on rural pedestrian issues.
This is a common issue in sidewalks.	Impressive

example.

This is the Edmonton guidance, I think a couple of you did this for assignment 1.	I like the illustration showing the different parts of the street environment.	The PTZ, that's an abbreviation you'll see, Pedestrian Through Zone.	It should always be
kept clear, the functional part.	And for pedestrian movements, and it should be a consistent material that is easy to detect by travellers.
And then we have these other supportive and

important parts of the street environment which sometimes kind of look the same, but really should serve different purposes, so you have a frontage zone which is adjacent to the building, where we're all adjacent activities should be kept to.	You'll see you have some café seating and business signs all out of the through zone.	So this can vary quite a bit depending on the built.	And then you have the furnishing zone, but for the most part it is civic
-related furniture and infrastructure, our sign poles

go there, pedestrian amenities, trash cans, benches,








vegetation, trees, and then we have our ancillary zone mostly on-street parking in most urban contexts, but
it serves a number of other functions, sometimes little pauses, bike parking, curve extensions and things like that.
The frontage, the pedestrian-through zone, and

the furnishing

STUDENT:	Would bus stops be in the furnishing or ancillary zone?
INST ALEX BIGAZZI:	You'll see both.	Good question.

So in general for pedestrian facilities, we want to have some kind of a buffer.	So -- by a buffer,
what I mean essentially is having that furnishing zone where we want people to walk.	Ideally there's both an furnishing and ancillary zone to create substantial separation between the pedestrians and the road traffic.	The standard is having just a separated sidewalk.
The guidelines also create an enhanced separated sidewalk which has additional furnishing features typically in commercial streets.
Then you have in the lower quality facility

which would be a non-separated sidewalk, which are

less comfortable, and then essentially just a walkable shoulder.	So a mostly clear shoulder of the highway.








What are the benefits -- I kind of already said comfort but what are the benefits of having a separation between the motor vehicle lane and the perception
STUDENT:	Perception of safety.

INST ALEX BIGAZZI:	Good one, yeah. STUDENT:	Maybe the noise.
INST ALEX BIGAZZI:	Noise yeah.

STUDENT:	I guess like also some safety stop you from going in front of a car if you're not paying.
INST ALEX BIGAZZI: Perceived and actual safety. Yeah, in case the pedestrian makes a mistake or the car, create a buffer. What else?
STUDENT:	Like less inhaling of smoke.

INST ALEX BIGAZZI:	For certain -- for me smoke, the decay away from the vehicle is quite steep, so potentially less pollution.
STUDENT:	I guess like I think of snow.

INST ALEX BIGAZZI:	 Snow storage, that's a big one, thank you.	Snow storage is a really important because the snow is going somewhere, and we don't want it in the through zone.	So I have a buffer.
STUDENT:	I think the combination of all of these results that people are going to be...
INST ALEX BIGAZZI:	Attracts more users, yeah.








STUDENT:	Less conflict with utilities.

INST ALEX BIGAZZI:	Yes, good, yeah.	So we can -- so utility access in these other zones, keeps the
sidewalk from being torn up when utility work needs to

be done.	And the same idea of snow storage -- go ahead.
STUDENT:	I was going to say shading as well.

INST ALEX BIGAZZI:	Allows us to put in street trees, and the idea of the snow storage saying when they're pushing snow off the street it has to go somewhere, if we provide space, it's not in the through zone same with utilities, also business signs, bicycle staples, things like that.	We want some place that aren't Pedestrian Through Zone that provide nice and consistently clear through zone.
A lot of the guidelines I'm sure you noticed

have these decision support tables which all -- they're often -- this one is based on road classification, and speed.	Sometimes it's based on motor vehicle volume and speed, and they all kind of show something similar which is when you have kind of more intense higher volume roadways with higher speeds, then you need more separation of the pedestrian or the cycling facilities.	That's what this is showing here, you can't put a sidewalk on an








expressway, in general we want separated sidewalks, but you can have non-separated if it's a smaller street with a low travel speed on it.	In general these are supposed to be travelled speeds, but we
usually only have speed limit, so we usually use speed limit as a proxy for travel speed.
Like I said that enhanced sidewalks are more for commercial zones, because of all the business related street activities that happen.
STUDENT:	So the main street commercial street is based

off of pedestrian, so it's a bit of school zone, but the rest are based on what the car classification of the thing is, but they aren't based on volume of pedestrian ?	Are there design tools that are more specifically if you have an ADT of pedestrians of the
700 a day, you should probably still have a separated

sidewalk, even if you're on a local road?

INST ALEX BIGAZZI:	Yes, sometimes that shows up.	It will show up in a couple of slides when we talk about widths, the pedestrian volume homes up.	This urban rural is somewhat standing up as a proxy for expected pedestrian traffic.	That's why it doesn't explicitly say motor vehicle volume which is a bit of a proxy for both pedestrian and motor vehicle activity.
Some more nomenclature to make sure we're all on








the same page, we use it when we're talking about designs.	Different parts particularly at an intersection of the sidewalk, which is typically the term referring to Pedestrian Through Zone adjacent to a street.		We have the curve ramp or curve cut or
letdown as we know.	This is universal access feature,

it has a certain grade it's supposed to be at, a certain width.	It should have a TWSI, to let people know they're at the edge.	There needs to be a Claire, and a landing at the top which is large enough for someone in a wheelchair to make a turn.	They go up to the ramp and should have enough to turn to proceed in the sidewalk in either direction.
This is a gutter for water management.	The lip

of the gutter is the transition phase between the gutter and the street, which is typically this is concrete, and that is ass asphalt.	And the curve is the back part of the gutter and we call this transition the back side of the curb.	The back side
and the curve are we don't count gutters in our usable

facility widths on either side.	So if you have a

non-separated sidewalk or in this furnishing zone we would measure from the back of the curve and we would say how wide is the path and measure it from the front of the lip here, so the gutter is not included in








that.

STUDENT:	Just from the industry perspective, at least like when I'm designing we do consider all the way to basic curb, but maybe that's wrong.
INST ALEX BIGAZZI:	Yeah, technically we're not supposed to, but -- I was going to -- so, yeah, technically we should measure our facilities from the back of the curb or from the lip of the gutter.	We include the line width, so we measure from the centre of the lines, so that all counts, but we're not supposed to include the gutter width in our width measurements.
It is a common way, though, to get the room for the

facilities that you want.	One of the ways that they really had to work on this design is you'll see -- you'll see in our site visits, you'll see a stencil going into the gutter, overlapping the lip, which is a good sign, if the stencil didn't fit they wouldn't
have enough room with counting the gutter.

STUDENT:	A lot of curves are 90 degrees down-curves.	In Calgary a lot of communities have rounded down-curves, and there's a gutter on top.	Does the curb width,
when it starts to curve down in that instance, I guess

this image shows -- where is the curve in this? INST ALEX BIGAZZI:	This is the curb, this is called a
mountable, a roll curb, so this width here should not








be included in all the street or the sidewalk, it's all the gutter.	This is the curb part of it, but you wouldn't count any of these.	These are called vertical curbs in general.	You're doing a great job of guiding me through the slides here.	Curbs are superimportant.	Most curbs that we see around look
like this, actually that's not a grade slight rounded. Usually six inches tall, standard curb height, but sometimes we'll see half height curbs.	And the whole curb-gutter system, its primary role is water management, but it plays an important role in separating the pedestrian zone from the motor vehicle zone.	It provides a physical and visual cue to everyone involved that, you know, these are distinct spaces and everyone stay on your side of the curb.
Most cars can drive over a curb, but most cars

don't drive -- a vertical curb.	A number of places have these role curbs, they're generally not recommended next to pedestrian facilities because it's very common for cars to drive up on those.	In neighbourhoods where we have these mountable or roll curbs, you'll see cars parked on the sidewalk where they won't do that if you have a vertical curb at nearly the same grade.	It's a discouraging thing.
Most people won't drive on the sidewalk but they will








park.

STUDENT:	What's the benefit of a roll curb, when would you -- what is the incentive.
INST ALEX BIGAZZI:	Sometimes you'll see them for making

access points, driveway points easier because they'll just leave a continuous curb along the whole facility. And sometimes it's like in an industrial area where essentially trucks are driving onto the curve and access kind of -- an adjacent area anywhere they want. You don't have to provide as distinct access points which is a little cheaper to design, but not as good
at creating this distinction.

STUDENT:	Is there any guidance for increasing sidewalk width when car parking is this way or that way, where people are -- I today I walked on a sidewalk at UBC, the car was parked not on the curb but the whole front of the car covered the entire sidewalk, so effectively the sidewalk was two metres, but there was no metres.
STUDENT:	Was that the blue BNW?	There's a car halfway across.
STUDENT:	On the way to W Max there was also another car that I had to dodge all the way into the grass.
INST ALEX BIGAZZI:	Good question.	So yes and no.	So cars are not allowed to overhang the sidewalk when they park, so it's technically a parking violation,








they can get a citation for it, you can call 311 if you want to.	We're talking with this, but I'll show you a photo later in this slide deck that that's another argument we didn't mention for having the furnishing zone.	If cars angle or perpendicular parking is there, then they can overhang a little bit and not go into the Pedestrian Through Zone.
Oh, there's one of these on campus, and if we're

lucky, a week from now you'll discover it when you're using the cane to navigate around, last year there was cars parked in the sidewalk because on the west part
of the boulevard they have...

Yes.

We also don't account for the door zone in these on-street parking.	We'll talk about them a lot in these cycling facility lecture which is the next lecture, which is about half a metre, .6 metres next
to a car that a door would typically open into, of

course it depends on the type of car, but .6 metres for a door zone, and if you have no buffer, if you have no furnishing zone, so doors can open right in the Pedestrian Through Zone.	It's not as big than a
cycling, because their stopping is very short, so when someone opens the door, you know, the injury rates are much lower for pedestrians than cyclists, but we still








don't want to have it happen especially if you have unsighted pedestrians and things like that.
So the -- I used to live right around the corner from this, and it would drive me nuts.	This is a guy wire supporting this telephone pole.
The through zone -- this is in Powell River.

There should never be anything in the through zone. Poles, potted plants, guide wires, etc.
Here is the width guidance.	This is providing a bit of that context that you were talking about in terms of expected pedestrian activity, single-family residential.	This is kind of more suburban,
multi-family residential.	So apartment buildings. You would see more pedestrian activity there.
This is our width guidance.	We have our desirable that we aim for, and our constrained limit. You notice across-the-board here, our constraint is
1.8 metres.	Why is that?

STUDENT:	Two wheelchairs.

INST ALEX BIGAZZI:	Good.	.9 metre operational width for one wheelchair, 1.8 for two to pass each other.	So we always want to provide for two people in wheelchairs
to pass each other within the through zone.	But if you have a short section where you can't do that for
up to 100 metres, you can go down to 1.5.	Essentially








one will have to wait for the other wheelchair to go through.	Or if you have a good furnishing zone or fronted zone, maybe they can use that width a little. But if we expect a lot of pedestrian activity, or if we're in a context where -- why in commercial or industrial areas might we want more width on our sidewalks?
STUDENT:	People making discoveries or carrying...

INST ALEX BIGAZZI:	Exactly, hand trucks, things like that.	We want to provide room for that, and, again, someone doing a delivery with a hand truck, and someone in a wheelchair trying to get by going in another direction, we want to provide width for that.
And then if you have high pedestrian activity

area, stadium, kind of urban core they can go up to 3,

4 metres which is really wide.	And if you have a superintense pedestrian volume expected, then you can actually do pedestrian level of service based design, where you predict the volume in your peak hour, and you have a level of service A to F, based on the density of pedestrians per square metre.	If we see this many pedestrians per hour, then we need to provide this much width to get our density down to level B or C or A or whatever your target is.
That is not very common; right?	If you're








working in industry, 95+% of the designs are going to be the pedestrian volume is so small that you don't do density-based design, but if you're doing airport, stadium, transit station, something like that, then you're looking at those really high volumes.
Any other factors besides the ones shown here

that we've talked about so far that you might want to consider in your design besides these that would lead you to want to provide more width?
STUDENT:	Somewhere like in a hospital.

INST ALEX BIGAZZI:	Great example, that was the one that -- near a hospital, for example.	So you can expect more people with mobility devices, and then you would be inclined to provide more width, people doing caretaking, helping someone along and want to walk
side-by-side.	Just one good example.

Grade and slope.	So longitudinal grade, along the PTZ, we generally 5% is our maximum goal, and that has been adopted for a long time in the disability related legislation saying this is the maximum that a person in a manual wheelchair can comfortably climb
up.	And so 5% grade is like a pretty good standard,

pedestrian facility is a maximum.	Lower is better, you don't always want to jump to 5, but you can go steeper if you provide the resting points, the hot








bench on the Granville Street bridge.	And if it's over that, then you want to provide alternate routes. That's hard to do.	There's some places where they're just -- the terrain is steep, there's not an easy way around it.
But if you have steep topography, some things

you can think about.	Some places will put in stairs. It's not accessible, but it's easier for people not using a mobility device, if it's very steep, it will be easier for them to use stairs.	There's something also called ladder sidewalks which provides traction,
in winter precipitation, snow and ice, you do not want

a 15% smooth sidewalk, so providing stairs or this kind of treatment can help in terms of traction.
Some places I showed you a couple of classes ago, some will put switchbacks, like on the north end of Main Street has switchbacks to get up switches.	Of course that requires a lot of room.	There's places that will provide a funiculars.	Funiculars are -- San Francisco has one.	Somewhere in Portugal.	More
common in Europe, if there's a steep slope, it's kind of elevator on...	That's the longitudinal grade.
Cross-slope is a transverse.	In the context of pedestrian facilities, we call it the cross slope.
You want some cross slope, not zero because wall will








pool on it.	So you want some cross-slope so water will drain to the side.	Typically 1 to 2% is your target, so a very gentle cross-slope, which is almost unnoticeable.
You will -- when we're doing -- next week when you're using the wheelchair, you'll notice
cross-slopes way more in a wheelchair than when you're walking around, because the wheelchair wants to pull
in a downhill direction.	So cross-slopes, higher 5%, it starts to be really challenging because they're always having to essentially push in the opposite direction uphill against.
Do you understand when I say cross-slope.

One of the places -- so longitudinal grade is kind -- can be a hard constrain depending on where you're designing.	Cross-slope aren't typically much of a challenge because you can design them for where you want.	Except at certain access points, they can
be a challenge.	In general, so this is what a typical design will look like where -- so there's a vertical curve here; right?	So this is at the street grade,
and this is at a sidewalk grade.	Grade is the

transportation term for elevation.

So we have a 6 inch difference between this elevation and this elevation, so there's a ramp down








here, access point for motor vehicles to make that grade transition.	Here is another function for our furnishing zone, because there we can do the great transition for the motor vehicles entire out of the Pedestrian Through Zone.	So we have this furnishing zone to do that transition, and this stays perfectly flat or one or 2% cross-slope.	What becomes challenging if we have a non-separated sidewalk.	We need to provide that transition for motor vehicle, but we do not want to have a 5% cross-slope on the sidewalk.	Some of the strategies you might see is a bend-out sidewalk.	 So they'll move it out to separate this access point so this ramp down can be here.	This is a nonideal situation, but you can have part of the Pedestrian Through Zone ramp down, the other part
stays flat.	And you can also ramp it down
longitudinally, depending on the access point that you have.

So this can be a challenging situation to deal with.	One of the treatments you'll see here is these longitudinal score lines.	And these are to help an unsighted person recognize -- especially in a situation like this -- recognize that they should not
head off into the street, they should continue in this

direction.








So that's why the score lines are designed that way, and that's one of the reasons -- remember I said they used to use transverse score lines at the bottom of the curbcuts instead of attention TWSIs.	One of the reasons they got rid of that is because it was kind of confusing with this kind of treatment.	So if you're unsighted and you feel these score lines, you should continue along them versus heading transverse to them.
So this is -- can be a challenging aspect of the

design, depending on the elevations and how much room you have to work with.
Another somewhat challenging -- not

challenging -- another interesting issue you'll see is the selection of the curb ramp types at intersection, and sometimes there will be the double curb ramp.	So in a combined curb ramp, you have flares here and
here, and this is all at street grade.

You'll have two separate -- there should be in the combined you have flairs here and here, and this is all at street grade. You'll have two separate --
there should be TWSIs here and there.	There should be

two kind of pedestrian through zone, but it stays ramped down in the middle.	In the double curb ramp this is curb height here, and you have flairs on








either side of both crossing points.

In general the double curb ramp is preferred. Why would that be?	A couple of reasons.
STUDENT:	Directional orientation for pedestrians.

INST ALEX BIGAZZI:	Much clearer directional orientation for the pedestrians.
STUDENT: ...

INST ALEX BIGAZZI:	It makes it easier for them to kind of see which direction they're going.
STUDENT:	Safety, because the elevated part of the

double -- between two TWSIs make it so that cars have to.
INST ALEX BIGAZZI:	So it mitigates motor vehicle intrusion on the pedestrian, sometimes you have motor vehicles drive on the sidewalk, whereas on the full height curve they won't do it as much.
STUDENT:	Grade direction for wheelchairs trying to -- INST ALEX BIGAZZI:	Yeah, good.	Another good one.	It also in addition to helping the pedestrians orient
their direction more clearly, it also is clearer for

drivers which direction the pedestrians are waiting to cross in, which can help just clarity in the environment to know if the pedestrian is waiting to go that way or that way.
What else do you see that's different besides








the.

STUDENT:	The colour.

INST ALEX BIGAZZI:	This one is missing the TWSI.

STUDENT:	This might have been UAE, but a less tight curve for the drivers, so they can go faster.
INST ALEX BIGAZZI:	Good.	What is the term we might use

to.

STUDENT:	Higher.

INST ALEX BIGAZZI:	This is a smaller radius.	There's a big difference in the radius of curvature here; right? So this is here, whereas this one is much bigger; right?	So bigger radius of curvature, what happens when that is the case?
STUDENT:	Landing area.

OTHER SPEAKER:	Cars go faster.

INST ALEX BIGAZZI:	Cars go faster, cars will take this right hand faster, and this is a nice big landing here, not as much here.
So this is intertwined with the radius of curvature, in general we want to do the double curb ramp but we might not be able to if we have a big radius of curvature.	So these design decisions are intertwined.	This also has shorter crossings.	If you look -- the curb is here; right?	So the pedestrian is starting from further back than here.	So the








pedestrian is set back further in the intersection on this one.
Also this alliance better with the adjacent Pedestrian Through Zone.	If someone is walking down the street, unsighted, they will just arrive here. Here they will not arrive in the middle of the crossing and it's not clear where to go.	Or same thing if they're in the middle of this centre of crossing and they have to navigate.	So the alignment is not as good with the adjacent through zones.
...this is not as good as a design in terms of pedestrian experience.	It also just takes more room in general, but it's a higher speed design.	So this
is a more auto-oriented design, and depending on, say,

what volume of right-turn motor vehicles you have, you might find -- you might find that in order to move another vehicles through on the space available to achieve the level of service that we've been directed to achieve, we have to have enough radius that a
double curb ramp won't fit.

Some of you might have done some of this work now, but now you've you're at an intersection, is it combined curb or two separate curbs, and what might look differently if they use a different design?
Surface materials.	This is a pretty easy one








for pedestrian facilities because we always use the broom finished concrete.	It's broom fished, they have these special programs -- you have probably seen
people -- I don't foe if you paid attention, probably

seen people making sidewalks before.	They're purposely scuffed up.	Broom finished, so it has
better traction characteristics.	Concrete can be very slick if it's the smooth surface to it.
Concrete, asphalt, concrete, and brick have different characteristics that have different pros and cons.	And I like this picture because it shows all three.		This is asphalt, and this is brick.	Asphalt
is more continuous, it has a shorter life in general, but it's smoother because it doesn't have these saw cuts, which are made purposely to withstand volume changes in the concrete, it's my understanding, that's what the concrete people tell me I'm not an engineer. And there are people that are very into concrete.
What was I going to say?	So these are more -- rooting happens easier on a asphalt, it will move more rapidly, but sometimes less catastrophically than concrete when it fails because of root heave.	It can affect both of them.	Bricks are very subject to differential settling, but brick pavers, depending on the type, are also reusable, so they'll pull them up,








relay down the sand underneath evenly and put the same bricks back down.
And so it can be quite sustainable, labour intensive to do that.	But these are generally not recommended for the through zone, these are for accents, furnishing zones, edge streets, it's almost always one of these two, and it's almost always concrete in a roadway adjacent sidewalk, and it's more often asphalt in off-street pathways kind of in continuous zones which is cheaper to put in.
What else did I want to say?	Any questions? STUDENT:	I notice in Vancouver there's a lot of sidewalks
with small rocks is that...

INST ALEX BIGAZZI:	I haven't seen that a lot, I think that is just decorative.
STUDENT:	Tiny rocks, it's aggregate for a boulevard,

different spec, you see it more commonly that separating zone between the roadway and the --
INST ALEX BIGAZZI:	And decorative.

STUDENT:	Decorative, just visual distinction.

INST ALEX BIGAZZI:	And downtown I've seen limb leaf stamps in there.	Pretty cute.
STUDENT:	I feel the brick are very supercommon the aesthetic of it.	There's so many down sides.	Is that purely for the aesthetic?








INST ALEX BIGAZZI:	Bricks are pretty common in plazas.

You'll see that a lot.	These are very -- theses are associated with through zones, theses are transportation facilities whereas bricks are more often used as accents or more staying activities. It's the association we have.
STUDENT:	To that similar point, I read a few reports that having bricks that actual tactile feel of moving over that makes people stay longer and feel like it's a place...it's...
INST ALEX BIGAZZI:	That's interesting.	These are very different.	I think even if you don't ride a skateboard, you can listen to a skateboard to get a sense for the smoothness of these different surfaces. This is very smooth.	As I said it can crack relatively easily.	The ridges in this, ka-gunk,
ka-gunk, ka-gunk.	There's -- actually a lot of main main mall brick; right?, parts of brick; right?, and it's r-r-r when someone is with small wheels is rolling.	It's not the smoothest, but a little traffic calming for people.
STUDENT:	I hope this isn't too much...I'm curious is

there any policy in the city for re-adding pavement markings where someone has -- construction has taken the asphalt off and cut a bicycle lane in half?








INST ALEX BIGAZZI:	My understanding is that that's not systematically done at all. ...that is the thing where the city is pretty responsive to 311 calls.	Not just in the city of Vancouver, but a lot of cities they're just not -- something like that is very low priority. But if it's an important issue to you, make your vote, go vote in your civic election, and local governments will respond.
STUDENT: Usually when you design, do you put notes for contractors to reinstate all the paint markings and all the --
INST ALEX BIGAZZI:	My understanding is that that is

supposed to happen, but it's typically not a transportation -- I guess utility work, it's other
work happening, and they're not going to do it. So -- and that is an issue. In general, like I said this is more expensive to put in initially, and you'll see not great patch jobs on that, but they're not going to rip the whole thing out and relay it.
So surface materials, we'll talk about it a lot.

It actually is a really strong communicator of use and function for different types of facilities, and people really respond to it without even thinking about it. People just automatically kind of assume.	If you put these two facilities down without any instruction,








people would walk here and people riding bikes here, so something to think about a lot in terms of using that strategically, in the design process.
Okay.	We'll pick up there on Friday.	I have a

bunch of quizzes.	If you -- I posted the quiz marks and the keys online, but if you would like to see it specifically, I will be there, but if you're not, don't worry about it and I'll see you on Friday. Thanks so much.
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