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This question paper consists of 10 pages including this front page.

Instructions

¢) Answer ALL questions and show your worlk
d) Marks for each question are indicated

a) This is a CLOSED BOOK. exam. No information sources may be consulted.
b) This question paper consists of EIGHT compulsory questions.

e)

f)
)

ALL resources (Tables, Monograms and Equations} are provided from Page 9 of this

question paper.
Where information is not given, make reasonable assumptions and give justification.

Pocket caleulators may be used. No programmable calculators are allowed.
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c)

L L

1| Describe the difference between & back
shorkwave, Drew o dmae-space disgraim hat denicts hoth of th

P2 : seayred on g partdcular rond is 2200 venih, Traffic fow then reaches LOG
and ihe vehicles come 1o a standstll at en averags spacing of 8 m per vehicla. A linear
relationship between speed and density is known to exist on this roac and Greenshield's Maode!
is applicable, Deterimine:

a) The free-flow speed, optimum speed, jam deiisity and optimum density. (4)
b} The mathematical relationship between spead and density {u-K). (N

1 3 backward recovery

shockwaves.  (8)

Draw fhe three fundamental diagrams of traffic fiow theory. Indicate afl important values on

]

the graphs. {4)
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2.1 seoribe the mointhly and dally varfation of raific slong = typicat road inan uiban 2
araph depleting each varaion pattern, {4
2.2 1 Aspeed study cbserved the speeds of 30 vehicles. Appropriats spead bing were
50 kimfli, 50-65 kiifh, eio. o 85-90 kin/h. The frequency dishribution curve s pre:
1 below, Determine:
a)  The modal speead (1)
b} The pace (h
&) Draw a cumulative distribution diagram and esiimate the median spead and the 80t percentile
speed. (4)
1 35%
Lo
L2 30%
2
5
2 25%
il
3
o 20%
o
O 15% 1%
(o) puat
o 10% T
> * k“-\\ 6%
8 "m.\ ,
= 5% | . -
O% T —— - —_ P
55 60 65 70 75 20 85 30
] Speed (km/h)
Figure 1 Freguancy PBistribution
23 | A test vehicle is driving on a dual carriageway road. It takes the driver 3.53 minufes (o travel

eastwards between two intersections that are 4.25 km apart. 315 vehicles drive weshwards on the
opposite side of the road, 8 vehicles overtake the test vehicle, which itself passes 15 vehicles.

The driver then does aU-turn and travels hack to the first intersection in 4.8 minutes. 145 vehicles
are counied travelling eastwards, 4 vehicles overtake the test vehicle, and the test vehicle passes

19 vehicles.

Netermine the traffic volume, average fravel time and density of the westbound traffic stream.

(4} B
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]

Deiermine the densiy of vehicles on a freewsy with the following characteristios:
L’.‘

reaway (5 in & rural ares and the =

o b mouniainous
Two 53 m o wide lanes per divection

There b an interchizng

s every 2.0 ki

Hase free flow spead: 100 kmi/h

Shoulder lateral clearance is 0.9 m

Pesik hour volurme: 2448 vehih, of which 20% was counted in the peak 15 min
The freeway carries mostly holiday traffic (f, = 0.85)

¢ 3% trucks and buses, 12% recreational vehicles (RV's)

(10)
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5]

4.1 and the Fratar Mode! are both used to zstimate tip distribution. Discuss
hetwaen these methods, {0
4.2 afing trip sttrections and productions av indicated in Tabie 1

hetow, SoGio-aeonoiie within zones are equal o 1.1, and 0.8 between zones. Assume

g travel time (Ry) of 3 minuies within zone

and 7 minutes SPLTWO 200 rigton Factor
ey A
Lo RS

Y]

Fy can be caleulated with ihe equation:

a) Use the Gravity Model to distiibute tips hetween the two zones. Do one fteration of the
Gravity Model. (6)

b) Calculate the adjusted trip aitractions for the secend iteration. {4

B

Table 1: Trip Productions and Altractions

R

rodustions Trip Atiraclicns
1 1023 2124
2 1643 763
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Eairah St Faru AT " T 2 ,ﬁ""’, T T
S E SN RIR BVERCE VAN IO AN

AL LT [15]

54 | A 30% increase in e routs distance of @ public transpoit sy=1em resulted e a 17% increase In

passehdger defmand,

b

&) Celoulste the log ere elusiicily. &)

ngers increase with an nuressa in lenglh of ihe routes’

by Explain whiy the number of pe
(N
c) 58000 daily trips are made when the Toutes were 1680 ki in length, Calculaie how rmany
Kiiometres of route were added # the number of passengers is now 87 {067 {2)

59 | The road network indicated in Figure 2 shows an area with 12 distinct zones. The numbers in

hrackets represent the free flow travel time in minutes on the link in both directions.

a) Determine the minimum time paths from zone 3 {o all olher zones and draw the minimum path
tree (skim tree). ()

b} Calculate the number of trips on each link if tip distribution between zone 3 and the destination
zones given according to Table 2. Indicate the trips on each link on your minimum palh tres.

{3)
¢} Determine the travel fime on fink 2-7 if the capacity of that link is 900 veh/h per direction.

(Z)

)@

(3)
(7]
K@ Table 2t

) (3) (3) J Trips

1 250

(2) (3) SIS T2 | 115
(O)—+(9) (1) 2) s s
9 175

12 90

Flgure 2: Road network
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QUESTION 7: Tk

eport opportunit
vahic

st

i
i

congestion,
2) Discuss how this cycle afiects puplic ransport usage. {(2)

h) Explain how this cycle be broken? (2)

 AMSPORT BCOMOMICS 10}

K

Davelop a formuta for the Net Present Value of a project with the following cost comnponenis: (6)

. Consiruction cost— C

« Mainienance costs - M
Salvage valug — 5
Road User Costs — R

» Improvement in travet ime cosis -1
Reduciion in accident costs — A

QUESTION 8: TRAMSPORT BECONOMICS {15]
—
8 You have bought a new petrol passenger car. Consider the expenses summarised in Table 3 and

answer the following questions.

8.1 | What is the average fuel consumption considering you drive al an average speed of 46 km/h?
(2}
8.2 | What is the average oil consumption over 100 km at 45 km/h? {2)
83 | Assume that the fuel and oil consumption calculated above are a good representation of your
average fuel and oil consumption over a month. Draw a graph of the monthly cost mode! for your
car as a function of the distance travelled and calculate the fixed and variable costs. (6)
a4 |Whatls the total monthly cost of owning and operating your car if you drive 4250 km per month?

(@)
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Yiehiicle cluss

NG 2570/ month

NS 2480/ vesy

NG 48D/ yser

Tom g §ioen 10 o
HEEHENCE

MNE SA0 7 month

Mgt

lm

NS 2600/ 15 000 |

NS 16,487 L

NS 348 /5L

Constants

™

- 11,7010 ]

0,08524

Consants

Jehicle elass

8.5

Why are the costs and benefits used to calcuiate a benefit-cost ratio always translated to Present
Value before calculating the ratio? What is a good benefit- cost ratio?

(3)
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EXHIBIT 23-3. SPEED-FLOW CURVES AND LOS FOR BASIC FREEWAY SEGMENTS

130 i p
126 Free-Flow Spaad, FES'= 120 kv ) 1300 .- e e
1o Hokh - I
Z 10 100 ki ‘ L
= % 90 k" ’ . ':u_\\‘“\\
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g 50 AN o e o = T
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] 400 800 1200 GO 200G 2400
Flow Rate, v {pe/tvin)
EXHIBIT 23-8. PASSENGER-CAR EQUIVALENTS ON EXTENDED FREEWAY SECMENTS
Type of Terrain
Faclor Lovel Rofing | Mountainous
E {trucks and buses) 15 2.5 | 45
£ (RVS) 12 2. | 40
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HEBH "'3 4 fiDJUST ULE \JTS FOR LANE WIDEH

e Width (m ( }

Reduction in 1oe-Fiow 7 Speed, (K *]/h} :

3.6

)
PR TS

e Lo L3 D2 oo
e

[

Travel Demand Estimation:

0.0

e
1A

RECOMMENDED TRIP
NO LA CODE UMY GENERATION RATES
usE
PERICD RATE SPUIT
1.2 GENERAL OFFICES: 710 100 m? am/pm 2.3 89:15
Suburhan daily 11,0 50:50
arnployes am/prmn .8 85:15
daily 2.8 53:50
15 RESTAURANT 832 100 m? pr gensrater) | 15,6 70:30
High turnover oecupiad soal midday 0,4 70:30
sit~dowin
AnFi Ky Aj tUGJ T:
T o= P AU A . = (t;G;) —+L G, = =t
i P o IRk (k=1 i
J %NjApF Ky J Cjgle-1) G Ty bl ot
2 AlT:
gvA f Pre~~i 4
P(4) = Pl = to[1+015(V/) ]
( ) erU : ZxPx,EAUx 0 ’ ( /C)
AD/Dgys logDy—logD .
= ~2fPang ¢ = 2900100y F=p(1+i)"
AX/Xavg logXy—-logXy,
Transport Economics:
PV = Zn 0(1+ " NPV = PVE —-PVC

F:Kc+

Koy 1 K.V 1 KoV
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