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UNIVERSITY OF JOHANNESBURG
DEPARTMENT OF CIVIL ENGINEERING SCIENCE
VVI3A11/VVICIA3: TRANSPORTATION ENGINEERING 3A11
EXAMINATION — JUNE 2019

Answer All Questions Time Allowance: 3 Hours

Question 1

In a road sag curve, a downgrade of 4% meets a rising grade of 5%.
At the start of the curve the level is 123.06 m at chainage 3420 m,
whilst at chainage 3620 m there is an overpass with an underside
level of 127.06 m. If the designed curve is to afford a clearance of 5
m at this point as illustrated in Figure 1.1, calculate the:

(i) required length of the curve

(if) chainage at the lowest point from the start of the curve

(iii) offsets and curve levels at intervals of 50 m (i.e. 0, 50, 100m,
etc.) from VPC (i.e. T1) to VPT (i.e. T»)

1D 127.060
123.060 | 3620

I
— 4% 3420
o T 5m Afo
Tz

Figure 1.1

[25 marks]
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Question 2

(a) On a specific westbound section of highway, studies show that
the speed—density relationshipis U = U [1 - (K/K)*]

The capacity of the highway is 3800 veh/h and the jam density
Is 140 vehicles per kilometre per lane.

(i) Determine the space-mean-speed of the traffic at
capacity
(i)  Hence calculate the free-flow speed
[13 marks]

(b) A six-lane two—way urban freeway is on a level terrain with
3,5 m lanes, obstructions 0,9 m from the right edge of the
travelled pavement, and 1,1 interchanges per kilometre. The
traffic stream consists primarily of commuters. A directional
weekday peak-hour volume of 1800 vehicles is observed, with
500 vehicles arriving in the most congested 15-min period. If
the traffic stream has 15% large trucks and buses and 2%
recreational vehicles, determine the LOS. (Assume the BFFS
for urban freeway = 120 km/h; driver population adjustment
factor for commuters, f, = 1,0)

[12 marks]

Question 3

(a) Traffic data for a proposed 6-lane, 2-way road construction in a wet
region is as follows:

° Initial estimated vehicles per day in both directions is 4 000

° 14% are overloaded heavy vehicles at 3,5 E80s each

° 20% are buses at 1,75 E80s each

° 5% are empty heavy vehicles at 1,2E80 each

° Structural Design Period = 25 years
) Period of planning, design & construction =5 years

° Traffic growth before opening road to traffic =2,5% p.a.
[ ]

Traffic growth after opening road to traffic =5,5% p.a.
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° Lane distribution factor, Be = 0,97
° In situ subgrade CBR over its total length = 2.5
° CBR of selected subgrade = 12
° CBR of Sub-base layer = 45
° CBR of base-course = 80

(i)  Calculate the equivalent E80s for the pavement for a 25 year
design life.

(i)  Hence estimate the thicknesses of each layer of the proposed
pavement and assign materials codes (Hint: use Figure 3.1,
TRH4 and miscellaneous information provided).

Figure 3.1 Pavement thickness design chart (Austroads

Thickness

Gramular
Material
(mml

—

2 8 8 8 8 & 8 8

=

w' 2 4 6810 2 4 g8wW 2 4 g8
Desian Trathie (ESA4

[18 marks]
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(b) Briefly discuss how you would use the DCP to estimate the remaining
life of an existing road. [7 marks]

Question 4

A new road is to be surfaced using 150/200 Penetration Grade Bitumen.
Aggregates for the double seal surfacing are 13.2 mm and 6.7 mm respectively.
The predicted traffic volume for the road comprises 2400 light vehicles per lane per
day and 215 heavy vehicles per lane per day. Climate is wet (and requires an
adjustment of 10%). Aggregate properties are: 13.2 mm stone: ALD = 8.2 mm,
flakiness is 10%; 6.7 mm stone: ALD = 4.3 mm, flakiness is 15%. Ball penetration
values (corrected) averaged 1.5 mm, gradients are greater than 4% (and requires an
adjustment by 10%), and base texture depth is 0.5 mm.

Use TRH 3 to design a double seal of 13.2 mm stone and 6.7 mm stone, using a
150/200 Penetration Grade Bitumen for a new road work.

Other details of the road are as follows:
ePolicy:
Aggregate spread rate: open shoulder-to-shoulder matrix is preferred

(requires correction of 10%)

No pre-coating of aggregates (i.e. Tack Coat = 35%; Penetration Coat
= 35%; Fog Spray = 30 %)

[25 marks]
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EQUATIONS, FUNCTIONS, MISCELLANEOUS INFORMATION

FFS =BFFS - BFFS — f|_W — f|_c — fN — f|D

Vp = V
PHF * N*fyy *fp
PHF =V /(Vis*4)

fuv = 1/[1+Pr(Er—1) + Pr (Er-1)]

Density = (flow rate, V,) / (average passenger car speed) Eqgn. 5

Eqn. 1

Eqn. 2
Eqgn. 3
Eqn. 4

EXHIBIT 23-4. ADJUSTMENTS FOR LANE WIDTH

Lane Width (m)

Reduction in Free-Flow Speed, f,,, (km/h)

3.6
3.0
3.4
3.9
32
3.1
3.0

0.0
1.0
2
31
5.6
8.1
10.6

EXHIBIT 23-5. ADJUSTMENTS FOR RIGHT-SHOULDER LATERAL CLEARANCE

Reduction in Free-Flow Speed, f, » (km/h)

Lanes in One Direction

Right-Shoulder 2 3 4 >5
Lateral Clearance (m)

>1.8 0.0 0.0 0.0 0.0

1.5 1.0 0.7 0.3 0.2

1.2 1.9 18 0.7 0.4

0.9 2.9 1.9 1.0 0.6

0.6 3.9 2.6 1.3 0.8

0.3 4.8 3.2 1.6 1.1

0.0 5.8 3.9 1.9 1.3
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EXHIBIT 23-6. ADJUSTMENTS FOR NUMBER OF LANES

Number of Lanes (One Direction)

Reduction in Free-Flow Speed, fy (km/h)

2

wW B~ O

2

0.0
24
4.8
/.3

Note: For all rural freeway segments, f, is 0.0.

EXHIBIT 23-7. ADJUSTMENTS FOR INTERCHANGE DENSITY

Interchanges per Kilometer

Reduction in Free-Flow Speed, f|) (km/h)

<03
0.4
0.5
0.6
0.7
0.8
0.9
1.0
1.1
1.2

0.0
1.1
2.1
3.9
5.0
6.0
8.1
9.2
10.2
12.1
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EXHIBIT 23-3. SPEED-FLOW CURVES AND LOS FOR BASIC FREEWAY SEGMENTS

130 . -~ -
Free-Flow Speed, FFS = 120 km/h 1300 .- P
124 3 > a0
10 110 km/h L 45 -
S 100 km/h - 1600
= 90 km/h 1750 NN
oo, B0 7 = s <]
c%- 80 LIOSA/ BJ-* Cst” D|.--~ E___—“'
s 70 \\QI:II, ;" ,—"’ ,"—‘ _,—"—'
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2 50 Rl e S .
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= ," ',’ "’r - ,L?_—"'
20 oL et e
10| etz e
0 ctiail
0 400 800 1200 1600 2000 2400

Flow Rate, v;, (pc/h/In)
Note:

Capacity varies by free-flow speed. Capacity is 2400, 2350, 2300, and 2250 pc/h/In at free-flow speeds of 120, 110, 100, and
90 km/h, respectively.

For 90 < FFS < 120 and for flow rate (vp)
(3100 - 15FFS) < v, < (1800 + 5FFS),
1 vy +15FFS — 3100 ) °
S=FFS—| —(23FFS - 1800)f £ ————
28 20FFS —1300
For 90 <FFS <120and

v, < (3100 - 15FFS),
S=FFS
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Table 2: Subgrade design (TRH4 1996)

CBR values for various layers are given in the table below:

Material Code Minimum CBR Layer

G4 80 Gravel base

G5 45 Subbase

G6 25 Subbase /

selected

G7 15 Selected

G8 10 Subgrade

G9 7 Subgrade

G10 3 Subgrade
Design CBR | <3 3to7 71015 > 15
of subgrade
Layerwork Special 150 mm G7 150 mm G7 --

treatment

essential 150 mm G9 - -
Roadbed R+R;150mm | R+R;150mm |R +R;

G10 G9 150mm G7
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DESIGN CHART FOR DOUBLE SEALS: Design ALD = 12mm

ALD 12 mm DOUBLE
Embedment (mm)
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DESIGN CHART FOR DOUBLE SEALS: Design ALD = 13mm

ALD 13 mm DOUBLE

Embedment (mm)
00 02 04 06 08 10 12 14 16 18 20 22 24 286

o

5000 t

10000 e

15000

20000
25000

30000

35000

40000

Traffic (elv/lane/day)

45000

50000

55000

60000

Corrected Ball Penetration (mm)

2.8

2.6

2.4

22

2

1.8

1.6

Nett cold binder (litres/m2)

1.4

1.2

1

00 02 04 06 08 10 12 14 16 18 20 22 24 26
Embedment (mm)

I—> Note: Risk - Too much binder for target texture, yet too little to prevent whip-off
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045
040

0.35
0.30

0.25
0.20
0.15
0.10
0.05
0.00

Existing Texture Adjustment

<2000 el

3000 elv

4000 elv

e

5000 elv

>10000 el

only modified binders

or spit applications

texture
freatment

1y

recommended

(—

0

0.1

02 03 04 05 06 07 08 09
Existing texture depth

10
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Table 7-3 - Factors for converting net cold residual binder to hot spray rates and storage and
spraying temperatures

) Conversion *** Spray temperature Max. storage
T f bind
ype ot binder factor () temperature ()

Cutback bitumen
MC 3000 119-1.27 130-155 100
MC 70 1.63-1.72 60-80 Ambient
MC 30 1.88 -1.99 45-65 Ambient
Penetration grade hitumen
150/200 pen 1.09 145-185 115
80/100 pen 1.09 160 - 200 125
Polymer modified bitumen
S-E1 1.08 165-190 150
S-E2 1.06 165-190 150
Bitumen rubber (S-R1) 1.07 195-205 -
Bitumen emulsions
60% emulsion 1.68 60 Ambient
65% emulsion 1.55 60 Ambient
70% emulsion 1.44 70 Ambient
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