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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 

(ii) 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. T2) 

 

 

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 relationship is  U   = Uf   [1 – (K/Kj)
3.5] 

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 

(ii) 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, fp = 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. 

(ii) 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). 

 

                           [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: 

 

●Policy:  

 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 – fLW – fLC – fN – fID    Eqn. 1 

Vp      =                    V 

     PHF * N*fHV *fP     Eqn. 2 

PHF  =           V   / (V15 *4)     Eqn. 3 

fHV  =  1 / [1 + PT (ET – 1) + PR (ER -1)]   Eqn. 4 

Density = (flow rate, Vp) / (average passenger car speed) Eqn.  5 
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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 

of subgrade 

< 3 3 to 7 7 to 15 > 15 

Layerwork Special 

treatment 

essential 

150 mm G7 

150 mm G9 

150 mm G7 

-- 

-- 

-- 

Roadbed R + R; 150mm 

G10 

R + R; 150mm 

G9 

R + R; 

150mm G7 
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