cPrL

Transportation Economics
CIVIL-455

Exercise of Week 6

Zhenyu Yang



=PFL  Exercise

Consider a Macroscopic Fundamental Diagram (MFD) represented  production, P
by the production vs accumulation relationship defined in the
right graph. The values of a, B, n.yiticq;, @nd njq, are known.

0 Neritical njam

1. Derive the maximum production (km/hr) from a network with this MFD. Accumulation, n
2. Write the speed v as a function of the accumulation n.

3. Suppose a fraction y of road space is allocated to buses exclusively, and the fraction 1 — y is left for
cars. What are the maximum productions of the car network? (hint: rescale the original production
MFD according to the value of y.)

4. Consider that demand for buses is n (pkm/hr). If the targeted occupancy of each bus is 0, and the
designed operating speed is v}, what is the fleet size to fulfill the demand? And what are the speed
and the passenger production of the bus network, respectively?

5. Ifnisfixed, what is the optimal y to maximize the total production?

6. Leta =35p=19, njg, = 58831 veh, 0, = 20,0, = 1.2,v, = 20 km/h. Write the optimal y as a
function of 7.
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Consider a Macroscopic Fundament Diagram (MFD) represented Production, P
by the production vs accumulation relationship defined in the
right graph. The values of a, B, n.yiticq;, @nd njq, are known.
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1. Derive the maximum production (km/hr) from a network with such an MFD.

Accumulation, n
a Neritial

2. Write the speed v as a function of accumulation n.

When n < ngpitia, We have v = a.

ni; -n
When n > ngitiq, We have v = £ jam =1)

3. Suppose a fraction y of road space is allocated to buses exclusively, and the fraction 1 — y is left for
cars. The average occupancy of cars is O.. What are the maximum passenger productions of the car
network? (hint: rescale the original production MFD according to the value of y.)

(1 —y) ancritiar Oc

Production, P

0 (1 = VNeitica a- y)nfam

Accumulation, n



=PFL  Exercise

Consider a Macroscopic Fundament Diagram (MFD) represented
by the production vs accumulation relationship defined in the
right graph. The values of a, B, n. iticq1, aNd 14, are known.

4. Consider that demand for buses is n (pkm/hr). If the targeted occupancy of each bus is 0, and the
designed operating speed is v, what is the fleet size to fulfill the demand? And what are the speed
and the passenger production of the bus network, respectively?

n
vZOb.

The fleet size n,, is given by n;, =

Bus speed: if n, <y ngriticar» then the speed is v, = a ; Otherwise, vy, = mfl’:;nb)

Production: vyn,, 0y
5. Ifthe demand for buses 7 is fixed, what is the optimal y to maximize the total production?

TP = vpnp Op + (1 —¥) a ngpitiar Oc-

n

—, the term v,n,, 0, does not depend on y; Thus, TP is decreasing in y
NeriticalVpOb

When ny, <y Neriticat, 1€, Y 27 =
wheny >vy.

Wheny <y, TP = d (]/n'zm _nb)nbOb +(1 =) @ neritiar Oc-

b
Then we have Z—T; = B NjamOp- & Neritiar Oc- If B MjamOp- @ Neritiar Oc > 0, the optimal y is y. Otherwise, the optimal
y Is zero.



=PFL  Exercise

Consider a Macroscopic Fundament Diagram (MFD) represented by Production. P
the production vs accumulation relationship defined in the right
graph. The values of a, 8, ncriticar, @nd njq, are known.

0 Neritical njam

6. Leta = 35,8 =19, njqy, = 58831 veh, 0, = 20,0, = 1.2,v,, = 20 km/h.
Write the optimal y as a function of 7.

Accumulation, n

Given that a = 35, 8 = 19, nj4,, = 58831 veh, we have n.iiq; = 20700;

Then we have
B NjamOp- & Neyitiqt Oc = 21486380 > 0.

n — n
NeriticalVpOp 20700 %20 %20

Then the optimal y is y =
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