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Lecture 33
Pre - Timed Signal Design - |

Welcome to Module E, lecture 7, this is the first lecture in this week. Today, we shall discuss about

pre-timed signal design.
(Refer Slide Time: 00:24)

Recap of Lecture E.6

* Performance measures
v Delay, volume to capacity ratio, queueing
* Delay as performance measure

v Stopped-time delay, approach delay, travel-time
delay

v Delay scenarios
v Theoretical modelling of delay

v Inconsistencies in random and overflow delay
models
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In lecture 6, | mentioned to you about various performance measures. For example, delay, volume
to capacity ratio, queuing, and then discussed in details about the delay as performance measures.
| mentioned to you about stop delay, approach delay, travel time delay also discussed about various
delay scenarios, theoretical modelling of delay and then why the inconsistencies in random and

overflow delay models are there and how to overcome that using a different model.



(Refer Slide Time: 01:10)

Webster’s Method
-
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Now, we shall continue our discussion about what | said pre-timed signal design. The first and one
of the very popular and well-known method is the Webster’s method. So, we shall start our
discussion with the Webster’s method.

(Refer Slide Time: 01:29)

Webster’s Method
® Cycle length corresponding to minimum intersection delay is obtained as
_ 15L+5§
" 1-IL

Y;= maximum value of the ratios of approach flows to saturation flows for all lane groups
using phase ' (i.e., g;{S;)

0= number of phases

L = total lost time per cycle (s)

q; = flow on lane groups having the right of way during phase i Q

$; = saturation flow of a lane group j é

C,= optimum cycle length (s)
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As per Webster method, the cycle length corresponding to minimum intersection delay may be
obtained using the formula as shown in the slide. Here we are using L as the total loss time per
cycle, Yi is the maximum value of the ratios of approach flows to saturation flows for all lane

groups using phase i and like that every phase maximum value of the ratio that we add up for all



the phases and then 1 minus some of that or some of Yi, i equal to 1 to phi, phi is the number of

phases.
_ 1.5L+5
T 1-Y2 v,
(Refer Slide Time: 02:29)
Webster’s Method
* Lost time per phase (I;)
li=Gityi-gi

where,

G;=Actual green time for phase i
y; = yellow time for phase i

g; = effective green time for phase i

* Total lost time (L) 0

L=Z I +AR
i=1

where, \
AR is the total all-red time during the cycle
5

S 0 N
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Now, the lost time for phase i as we have discussed earlier is green time whatever is given overall
green plus yellow or amber minus the effective green time. So, the actual green time amber and
effective green time that way we can calculate the lost time per phase. Now, then what is the total

last time? Total lost time is sum over li for sum over all the phases i plus red time.

li=6G+yi—g:

Here in the above equation li equal to Gi plus yi minus small gi effective green time. Here the we
only considered yi say yellow time. So, the all-red is not included here in this phase wise lost time
calculation. So, when we are calculating the total lost time, we are calculating the lost time plus
the all-red time considering all the phases. So, AR is the total all-red time during the cycle. So, all

the phases are considered together.

?
i=1



(Refer Slide Time: 03:58)

Webster’s Method

* Total effective green time available per cycle (g,,)

gt =C-L
* Effective green time for each phase (g;)

Ji TY, Yot

* Actual green time for each phase (G))

Gi=gi+li-y

L

Now, then the total effective green time available per cycle will be how much? Cycle time minus

= 3 0 N
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total loss time C minus L.
Jut=C-L

Then what we are saying effective green time this G total, how we are distributing? We are
distributing in proportion of basically Y. So, Yi by sum over Yi. So, how much share one particular
phase i will get that is Yi divided by sum over Yi, that way the effective green time is distributed
two different phases.

9gi = Y Yigtot
Now, then what will be the actual green time for each phase? Actual green time will be effective

green time plus lost time for that phase minus the yellow time or amber time for that phase. So,

that way we can get the actual green phase.

Gi=gi+tlLi—y
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Webster’s Method
Example: Determine a suitable signal timing for the given Phisss A 2
intersection using the four-phase system. For each phase: y=3s >
and ar =1 s, total lost time = 3.5 s. PHF: 0.95. Phase B ‘\?
| lc{ i Phase | Lane Group | Sat.Flow Phase C JI}‘
| s lwls A |EBRT 1615
I [ ‘ 1
[ EB: TH+LT 3700
i JI"“ l WB: RT+ 1615 Phase D ‘W
[\ 3
“jazzy_—»‘:‘z w’j N B lwemwr | wm
S 2 :
A }m——__a_ o [SBRT 1615 F s
N — SB: THHLT 3700 o
H Iﬂ i b [NERT 1615 =~
AR
zosi"ool/‘ | NB: THeLT 3700
1 D‘ : The influence of heavy vehicles and turning movements and all other
factors that affect the saturation flow have already been considered
e o
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Let us, take an example to understand it even in a better way. Determine a suitable signal timing
for the given intersection using the four-phase system and for each phase y equal to 3 seconds, ar
this ar is small ar that means, each phase wise ar is 1 second and total lost time is 3.5 seconds and

peak hour factor is 0.95.

Now, this is a four-phase system that is what is assumed here, you know there are four approaches
to this intersection and each phase we are actually clearing traffic approaching from one approach.
So, first maybe eastbound, then westbound, north, southbound, northbound. And you can see here
from each approach, there are three lanes, one is a one in an exclusive right turn lane then the left

most lane is straight and left shared middle lane is for the through traffic.

So, the saturation flow values are also given from each approach right turn say 1615 through and
left 3700 through and left mean it is both the lanes together, where the left lane is through and left
and the middle one is only through. So, together the saturation flow is 3700. Exactly in the similar
manner for different phases, the westbound, southbound and northbound the saturation flow values
for the right turn and through plus left together that are given. So, with this input we need to design

a suitable signal timing.



(Refer Slide Time: 07:32)

)
Webster’s Method
Solution: Ratios of approach flows to saturation flows (Y;) for all lane groups
Hourly | Eq. Hourly T:t::l:q' sat For EB:RT
Phase | Lane Group | Volumes | Volumes v y | @!S; | Yi |Eq.Hourly Volume = 128/0.95
folumes | Flow | ™ ™
(per lane) | (per lane) @) =135
ij
" EB: RT 128 135 135 | 1615 | 0.084 0183 | vz (01830264
3 = + +
: 0.183 LS ?
EB: THHLT | 321 338 676 | 3700 0,052+ 0.230)= 0.729
8 WB: RT 222 234 234 | 1615 | 0.145 0264
WE: TH+LT | 464 488 976 | 3700 | 0.264 |
SB:RT 25 26 26 | 1615 | 0.016
c 0.052
SB:THLT | 75+109 | 79+115 | 194 | 3700 | 0.052 Q
NB:RT 352 37 371 | 1615 | 0.230 | 7
D 0230 Q
NB: TH+LT |100+206|105+217 | 322 | 3700 | 0.087 \
Eq. Hourly Volumes per lane is calculated considering PHF
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What we are doing here look at this table phase wise we take A, B, C, D four phases. Lane group
we consider here eastbound first, then westbound in phase 2 or phase B southbound in phase C
and north bound in phase D. In each phase two lane groups we are considering, one is for exclusive
right turn, the other through and left together. The left most lane and the middle lane together.

Now, if you take that, then hourly volumes per lane as it is given in the previous page the same
values are taken. For example, if you take eastbound right turn it is 128 vehicles eastbound right
turn you can say it is 128. Similarly, the straight is 321 straight and left combined or shared lane

is also 321. Same way we take the values 321.

Here in phase C through and left the values are not same, like in this case 321 and 321 both were
321. But for eastbound the values are different, 75 is straight and 109 straight and left. So, we add
them together and then say this is not volume per lane truly, but these are the volumes in two lanes
| should not use the plus sign here. Then what we are trying to get here in the next column is
equivalent hourly volume. So, what is the difference between the hourly volume and equivalent

hourly volume?

In equivalent hourly volume, we have considered the peak hour factor that means hourly volumes
per lane is calculated considering the peak hour factor that means considering the peak 15-minute

hourly flow rate rather than the hourly volume, peak 15-minute hourly flow rate. So, you can see



the peak hour factor is 0.95. So, 128 by 0.95 you will get 135. Similarly, for each case we calculate

the values.

Again, here also not 79 plus 115 in true sense, but what we are trying to indicate that you have one
lane where the volume is hourly volume is 75 and when you take the equivalent hourly volume
considering the peak hour factor it is 79. Similarly, for another movement it is 109 and the

equivalent value is 115.

Of course, eventually these are to be added together when we will consider the hourly equivalent
hourly volume not per lane but total. So, here since for the first case phase A eastbound there is
only one lane. So, the 135 will remain 135 but through and left in each case 321 the left and straight
shared lane is 321, straight is also 321 and the equivalent hourly volumes considering the peak
hour factor is 338. So, that total will be 338 plus 338 equal to 676.

Similarly, here it is small lane so, 234 remains 234, 488 again it becomes double because one is
through and left shared with 488 equivalent hourly volume per lane in one lane and then another
case straight also is 488 equivalent hourly volume. So, together approach wise it is 976, 26 remain
and in this case for phase 3 southbound the two values we have to add together so, 79 plus 115 is
194,

Why we are adding them together? Because the left and through combined saturation flow are
considering both the lanes, one is a shared lane through and left the other is only a through lane.
So, together the saturation values are given. So, hourly equivalent volumes total volumes also yet

taking the total volume.

Now, once the saturation flow is known from the previous table inputs given as inputs. So, we can
calculate then gij divided by Sj each flow divided by the corresponding saturation flow. Now, in
phase A what we said here, if we go back we said, what is Yi, maximum value of the ratios of

approach flows to saturation flows.

Maximum value of the ratios of approach flows to corresponding saturation flows. So, if you come
here there are two values here one is 0.084 another is 0.183, what is maximum of these two? 0.183.
Similarly, 0.145, 0.264, what is the maximum of this? 0.264. Similarly, here it is 0.052 and for
phase D, the Yi is 0.230. So, then what is the sum over Yi add all these four values and that
becomes 0.729.



(Refer Slide Time: 13:59)

Webster’s Method
Total lost time =L =} I, + AR=4x35+4x1=18s
Optimum Cycle Length

C,= 15L45 151845 _ g0 o

gy 10729

Total effective green time =g,,,=C-L=118-18=100s

Effective green times
0.052 _
yﬁ%*mo:zs.n 9c = 7557 100=71s @
0.23 _ ,
05 =25 100=3625 0= 100=3185 ‘l
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Now, what is the total lost time? Lost time is lost time per phase plus the all-red time for the whole
cycle. So, we know there are four phases, each case each phase the lost time is 3.5 seconds giving
as input total loss time is 3.5 seconds per phase. So, total loss time is 3.5 plus 4 plus 4 into 1
second. Here, it is also the all-red small ar. So, it is phase wise, so, four phases together is 4

seconds. So, total is 18 second last time.

So, now, with all these values, known value of L known value of sum of Yi we can get the optimum
cycle length which we are getting here as 118 seconds. So, what will be then if this is the cycle
length then what is the total effective green time is the cycle time minus total loss time cycle time

is 118 and total loss time is 18. So, the effective green time is 100 seconds.

Now, these 100 seconds start to be distributed to four phases in what ratio Yi by sum over Yi. So,
first phase A how much share will get phase A will get 0.183 divided by 0.729. Phase B will get
0.264 by 0.729 and so, on. So, what we have done here 100 seconds multiplied by effective green
time for A is 0.183 by 0.729 so 25.1 second. Similarly, for Phase B the effective green time is 36.2

second, phase C 7.1 second, phase D 31.6 second.



(Refer Slide Time: 15:59)

Webster’s Method

Actual green time G(i) for each phase

Gi=git+li-yi
G,=251+35-3=2565s Gg=36.2+35-3236.7s
G.=71+35-3=76s Gp=316+35-3=3215s

Check: Sum of Actual green times + Yellow times+ All-
red times = Cycle length

25.6+ 3+1+36.7+3+147.6+3+1+32.143.1= 118 (OK)

7 o
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Now, what will be the in the actual green time? Actual green time for each phase for phase A will
be effective green time for phase A plus the lost time total lost time is 3.5 seconds per phase. So,
that will be there. So, minus 3 is the Yi. So, you take out that it becomes 26, 5.6 again. Similarly,
you calculate the total or actual green time for phase B, phase C and phase D. We can also do a
check whether we have really distributed it correctly, we can do the check because if you add up
GA plus GB plus GC plus GD, it becomes 118, which is exactly equal to whatever you got as the

total effective green time.

So, total value that we can see, total not total effective green time sorry so the total cycle length.
Because we are getting here the total green time. So, total green time together GA plus GC plus
GB plus GD all together plus, you can get all the yellow time add them. So, 25.6, 36.7, 7.6 and
32.1 plus all the corresponding yellow time and all-red time. So, 4 seconds, 4 seconds, 4 seconds,

4 seconds. So, if you get that, what you will get? You will get cycle time.
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Critical-Lane and Time-Budget

Concepts
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Now, going to the next part, critical lane and time budget concept.
(Refer Slide Time: 18:11)

Critical-Lane and Time-Budget Concepts

* Critical lane is used for identification of specific lane movements that will
control the timing of a given signal phase

* Time budget is used for the allocation of budgeted time to various
vehicular and pedestrian movements at an intersection through signal
control

* Time is constant (3600 seconds in an hour)

* Total lost time per signal cycle (L)
L= NtL
t, = total lost time per phase;

N = number of phases in the cycle
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Now, two components we are talking, we are talking about critical lane and also we are telling
about time budget. Critical lane is used to identify specific lane movements that will control the
timings of a given signal phase. In one signal phase multiple movements are happening. So, we

want to find out the critical lane that will control the timings of a given signal phase.

So, that means if the critical lane is served, then obviously all other lanes also will be served and

timed budget, time budget is actually used for the allocation of budgeted time to various vehicular



and pedestrian movements at an intersection through signal controller. What is the time budget?

Because we have total time available per hour is 1 hour or 3600 seconds in an hour.

So, I have all what is available is 3600 seconds. Now, how this 3600 seconds we shall utilize for
different things. Now, what is the total lost time per cycle, if there are a number of phases in a
cycle and if small tL is the total loss time per phase. So, there are N phases in one cycle. So, per
cycle what is the lost time? N into tL easy.

L=NtL

(Refer Slide Time: 20:04)

Critical-Lane and Time-Budget Concepts

® Total lost time in an hour 3600
n=l=
where,

L = lost time per cycle, sicycle;
C =cycle length (s)

* Total effective green time in the hour
TG = 3600 ™ LH
where,

Te = total effective green time in the hour, s

* This time may be used at a rate of one vehicle every h
seconds, where h is the saturation headway
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Then what is the total lost time in an hour? That is lost time per cycle multiplied by number of
cycle in 1 hour. So, you have 3600 seconds and capital C is my cycle length. So, how many cycles
are there? 3600 by C, each cycle what is the last time is L. So, then what is the total loss time per
hour LH equal to L into 3600 by C.

3600

LH:

Then total effective green time in an hour, how much is available then total green time? | have
3600 minus total loss time per hour is LH. So, it is 3600 minus LH. Now, this is the effective green

time. So, how many vehicles | can process? It is simply at the rate of h saturation headway. So,



this whole TG time maybe used at a rate of 1 vehicle per h second, where h is the saturation

headway that much discharge I can do, I can handle, I can process that many vehicles.
TG = 3600 — LH
(Refer Slide Time: 21:35)

Critical-Lane and Time-Budget Concepts

* Signal timing and design must accommodate the total demand flows in
critical lanes

® Critical lane is the lane with most intense traffic demand (Not necessarily
the lane with the highest volume) i.e. highest volume to saturation flow

* Maximum sum of critical lane volumes

T
V.= f where, h = saturation headway, siveh

* Merging previous equations @
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Now, signal timings and designh must accommaodate the total demand flows in critical lanes that is
what is my basis. In every phase | should be able to handle the critical lane. So, critical lane is the
lane with most intense traffic demand carefully observe it | am saying most intense traffic demand

not necessarily the lane with the highest volume.

So, what on what basis we are identifying the critical lane? It is based on the highest volume to
saturation flow. Why this? Because if all lanes are equal. Suppose all are single lane then | can
compare only based on the traffic volume. Then highest volume is the critical one, the one which

is having the highest volume will be the critical one.

But suppose some one of them is actually having 2 lane, then per lane traffic will be total by 2 and
if it is so, | cannot simply compare the volume, but it is volume by saturation flow. So, highest
volume to saturation flow that will be the critical lane. | shall also take an example to explain you

further.

Now, whatever is this green time available effective green time TG, at the rate of h seconds per

vehicle, so, how many vehicle I can handle? Vc, the critical vehicle volume or critical lane volume



TG by h. Now, if you take then VC equal to TG by h, what is TG? TG is 3600 minus LH. So, 3600
minus something, what is LH? LH is L into 3600 by C. So, L into 3600 by C and what is L? L is
N into tL. So, with all the substitution, how much you get? You get that VC equal to actually 3600
into N into tL, within bracket 3600 by C the whole thing divided by h that is the critical volume
that can be handled.

[3600 — N2, (3600/ )]

¢ h

(Refer Slide Time: 24:40)

Critical-Lane and Time-Budget Concepts

* Finding an appropriate cycle length
Nty N,

] =
3600/h) {3600/"],“;””,(11/()

* PHF to estimate flow rate in the worst 15-minute period of the peak hour

* Considering normal stochastic variations in demand, most signals would
be timed to have 80% to 95% of the available capacity actually used to
avoid failure of individual cycles or peak periods

Conin=

V.. = Max sum of critical lane volumes (veh/h); C;, = minimum @
cycle length (s); Cqes = desirable cycle length (s); PHF = peak .
hour factor; vic= desired volume to capacity ratio

D N
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So, if this is the critical volume, then what is the minimum cycle length? Just from this equation
only we can get. We can get here then what is C in terms of V¢, N, tL and h that is what exactly |
have done it. So, that is the minimum cycle length required N as a function of N, tL critical volume
and h.

Nt,

Cin =
1-(Ye
3600/
h

Now, this gives you the minimum cycle length. But when we are proposing we will propose

something what we will call as design cycle length. Now, critical minimum cycle length to design
cycle length two more additional considerations. First, we now bring here peak hour factor, why



we are bringing the peak hour factor? Because, so, far you have considered hourly volume in the

calculation.

Nt,

Cies =
|4

{3600/, 1+ (PHF}+ (/g

But what we need to do, we need to consider peak 15 minute hourly flow rate rather than the hourly
volume. So, peak hour factor is used introduced here to estimate the flow rate in the worst 15
minute period, worst in this sense is the maximum flow rate of the peak hour. So, that is why the

peak hour factor is coming this is one change from the C minimum to C design.

The other consideration here you can see | have written here something called v by c ratio, what
is the v, v by c ratio is the desired volume to capacity ratio, why this one? Because, if you consider
just do not consider this thing, then how we shall consider the normal stochastic variation in

demand.

Most signals would be time to have 80 percent to 95 percent of the available capacity not 100
percent of capacity. So, we do not use v by ¢ as 1, which is there somewhere other in the C
minimum calculation, why we do not use it? Because there will be normal stochastic variation in

demand. So, if we consider it only 1, v by c as 1, then how we will handle this stochastic variation?

Because in that case, you are taking v by ¢ as 1 but due to stochastic variation, there will be
individual cycle failure and also multiple cycle failures or several cycle failures such such failure
may happen during the peak periods. So, considering normal stochastic variation in demand most
signals would be actually time to have 80 to 95 percent of the available capacity that means, it will
be designed considering v by c as 0.8 to 0.95 so that the normal stochastic variation in demand in

cycle to cycle can be handled properly to avoid failure of individual cycles or peak periods.

(Refer Slide Time: 28:28)



Critical-Lane and Time-Budget Concepts

Example: Signal at a location has two phases with [Shese
a cycle length = 60 seconds, total lost time = 4

siphase, saturation headway = 2.3 siveh, PHF= ——
0.95, target vic = 0.90. 1800 vehh

1lane
a) Determine if the given cycle length will satisfy ‘
the requirement of minimum required cycle ’
length to accommodate critical lane volumes

Phase 2

1lane

1200 veh/h

b) If not, find the appropriate number of lanes

43
required for each lane group and the desirable ¥-
cycle length
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Now, let us take an example, signal at a location has two phases with a cycle length of 60 seconds
a very simple one, a two phase signal. No other movements are allowed. So, the straight and this
straight. So, one is that is eastbound another is the northbound and suppose, the cycle length is 60

second, somebody has proposed that okay let us use cycle length of 60 second.

Now, if the total lost time is 4 seconds per phase saturation headway is 2.3 seconds per vehicle
and peak hour factor is 0.95 and target v by c is 0.9, | said there 80 to 95 percent. So, here it is
considering say 0.9. Then what we want, we want two things here. First, determine if the given
cycle length will satisfy the requirement of minimum required cycle length to accommodate
critical volume. So, we want to see whether it is satisfying the requirement of minimum required
cycle length C minimum whether it is satisfying or not. Second, if not find the appropriate number

of lanes required for each lane group, and then what is the desirable cycle length?

(Refer Slide Time: 30:03)



Critical-Lane and Time-Budget Concepts

Solution: For the cycle length = 60 s, the critical =

lane flows that can be accommodated will be «‘—ueo

g = [3600-Nu ()] _ [3600-24(50)]
¢ h 23

1357 vehlh v = 1200 +1800 = 3000 vehi h Not OK

- -~ Scenario 1
Critical NB volume + Critical EB volume = 1200 1 NB lane & 1 EB Lane

+1800 = 3000 veh/h (Cannot be accommodated)

- Nt = i =
Caes = i ( Ve 1- 3000 el @
3600} {3600/, .}+(0.95}+0.90 L ¥4

+(PHF}{("/c}

Negative result indicates no cycle length can \ /.
accommodate V. = 3000 veh/h at this location
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So, what we do first for the cycle length of 60 second the critical lane flows that can be
accommodated we can calculate it VVc. How we are calculating? Let us, go back again to remind
you this one TG by h essentially. So, here, based on that, we are calculating the value of V¢, how
much critical volume that the intersection we will be able to handle given the cycle length giving
the lost time, number of phase and saturation headway. So, that we are calculating and in this
calculation, it is C minimum, we are not using the peak hour factor and target v by c value.

Because that those two will come when we will talk about Part B that is the desirable cycle length
or design cycle length. So, here you can see V critical is 1357. So, that means, with that cycle
length, if that is the minimum we considered, then we can maximum handle 1357 vehicle per hour.

Whereas, our present volumes are how much it was given here also reproduced here 1800 plus
1200, 3000 vehicle per hour. Whereas, with the given cycle length even if we considered the
minimum required that as the minimum required cycle length then we can maximum handle 1357

vehicles. So, it will not work.

So, the critical northbound volume and critical eastbound volume together is 3000 vehicles higher
than Vc. So, it cannot be accommodated the first question is answered. Then second what we are
trying to do we are trying to see, let us see then if my critical volume is 3000 vehicle per hour.
Then what will be my design or desirable cycle length? You calculate it you get a value negative

minus 6.44.



What this negative value is indicating that no cycle length this cycle length you cannot get a cycle
length which can accommodate this critical volume of 3000 vehicle per hour at this location with
this many number of lanes and with this all other parameters saturation headway 2.3 seconds, total
lost time 4 second phase, peak hour factor 0.95, target v by ¢ as 0.9 with all these it cannot you
cannot get a cycle length which will be able to accommodate this critical volume. So, now what

we do?
(Refer Slide Time: 33:08)

Critical-Lane and Time-Budget Concepts

* The number of lanes required to accommodate the critical lane volumes
and corresponding desirable cycle length is to be determined

1200 600 600

900 ——— 900

900 —r— 900
V,=1200 +900 = 2100 veh/ h Not OK V=600 +900 = 1500 veh/ h Not OK
Scenario 2 Scenario 3
1 NB lane & 2 EB lanes 2 NB lanes & 2 EB lanes

2+4 "“‘
2 A8S Cpm o _=6625 = )

: 1500 g
3500/, 5}+(095):0.90 I* :
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Cdes=

- 2100
{3690/, 4}+{0.95}-0.90

Let us, go step by step we know that the maximum volume here it was eastbound which is 1800
maximum. So, we say instead of 1 lane should we have 2 lane there. Let us try with that. So, if we
give 2 lane then each lane will have 900 volume then what will be the critical volume 2100 vehicle
per hour. Le us, try to calculate again the C design or desirable cycle length can we get, what we

get still it is negative indicating still it is not working fine.

Next we thought that okay let us try we made there is 2 lane the other movement also let us have
2 lane. So, the 1200 also will get distributed to 600, 600. Now there will be 2 lane. So, now with
2 northbound lane and 2 eastbound lane, what will be my critical volume? Critical volume will be

1500 vehicle per hour with that again calculate C design still it is minus 66.2.

So, the desirable cycle length still we are not getting it is still showing still the even if with 2 lanes

on the northbound 2 lane in the eastbound with all other things and the given traffic volume. We



cannot get a signal cycle design signal cycle or desirable cycle length which can handle this traffic

at this intersection.
(Refer Slide Time: 34:56)

Critical-Lane and Time-Budget Concepts

Scenario 4 80 &0

600

Caes = P =7714s Zgg
3600/h PHF 1) 3600/23 +(0.95):0.90

V.= 600 + 600 = 1200 veh/ h OK

Nt 2:4
:{ = — =343s Scenario 4
1'<W)l [1-(W)l 2 NB lanes & 3 EB lanes

* Cqes > Cpin because the equation for C,,, takes into
account both the PHF and target vic ratios

Conin =

* Recommendation: NB movement- 2 lanes, EB
movement- 3 lanes, Desirable cycle length=77.4 s
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Go for further trial. Here, we consider 2 lane, northbound and 3 lane eastbound. Then what is
happening? 1800 divided by 3 lane 600, northbound 1200 divided into 2 lanes 600 in each. So, my
critical volume becomes 1200 vehicle per hour. Now, let us see what happens. Now we when we
calculate C design or desirable. We get the cycle length as 77.4 positive value and we are able to
get it.

So, that means it will work. I also wanted to calculate here the C minimum and you know with this
configuration that means 2 northbound lane and 3 eastbound lane your total minimum cycle length
will become 34.3. You can clearly see that the desirable cycle length when you consider the peak
hour factor and v by c ratio lower than 1. Then your actually desirable cycle length will be much
higher. So, the well the minimum cycle length requirement is 34.3 the desirable cycle length is
77.4.

So, altogether what it shows. C design is greater than C minimum because of the equation C design
takes it into account both the peak hour factor and target v by c ratio and how for what is going to
be our recommendation from this one. That okay, you widen the northbound movement, widen it

to 2 lane and eastbound movement to 3 lane accommodate this eastbound in 3 lane accommodate



northbound movement in 2 lane have a desirable cycle length of 77.4 seconds or 75 78 seconds,

that is what is our recommendation.
(Refer Slide Time: 37:04)

Critical-Lane and Time-Budget Concepts

* Critical relationship between number of lanes and cycle length is illustrated

* Additional lanes could be provided in either direction, which would allow
the use of a shorter cycle length

* Unfortunately, for many cases, signal timing is considered with a fixed
design already in place

*Only where right-of-way is available or a new
intersection is being constructed, major changes in the
number of lanes be considered

* Optimal solutions are found more easily when physical
design and signalization can be treated in tandem
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We see a few important observations here critical relationship between the number of lanes and
cycle length is illustrated. Because if you are increasing the number of lanes in the approach, then
your traffic is actually demand is getting distributed. So, the critical volume that the signal has to
handle that becomes very different and easy.

Additional lanes can could be provided in either direction, which would allow use of a shorter
cycle length. Unfortunately, in many cases, signal timing is considered with a fixed design already
in practice and only where right of way is available most urban areas you do not get land, where
is your land? So, you cannot really widen but if you can widen, you can handle larger volume of

traffic.

So, only where right of way is available or a new intersection being constructed major changes in
the number of lane can be considered. Otherwise what | have shown here, make it 3 lane make it
2 lane, this may not be possible in reality in all the cases that is a constraint. And finally, the
optimal solutions are found more easily when physical design and signalization both are treated

together.

So that is one very important. Wherever there will be an opportunity the physical design physical

infrastructure intervention and signalization together can produce better results. Of course, always



it may not be possible to have physical design changes or physical infrastructural intervention in

that sense.
(Refer Slide Time: 38:57)

Summary

* Pre-timed signal design: Webster’s method

v Estimation of flow ratios, lost times, green
times, cycle length

* Critical-lane and time-budget concepts

v Critical lane volumes

v Relationship between number of lanes and Q
cycle length L3
v Desirable cycle length ‘_l
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So, altogether, we discussed here about the pre timed signal design using the Webster’s method
shown that discussed with you about the estimation of flow ratios, lost time, green time, calculation
of cycle length all this. Then the concept of critical lane and also the concept of time budget, how
to calculate the critical lane volumes, relationship between number of N lanes and the cycle lengths
how the whole thing can change and how you can calculate the desirable cycling, with this, I close

this lecture. Thank you so much.



