UNFVEESITY
JOHANNESBURG

PROGRAM B TECH
CIVIL ENGINEERING TECHNOLOGY
SUBJECT : PAVEMENT TECHNOLOGY 4
CODE - PVT411
WINTER EXAMINATION 2015
DATE * 15 JUNE 2015
DURATION * (SESSION 1)08:30-11:30
WEIGHT 60:40
TOTAL MARKS 100
EXAMINER DR HA QUAINCO
MODERATOR MR I. ARIYO
NUMBER OF PAGES PAGES 12
INSTRUCTIONS : PLEASE ANSWER ALL THE QUESTIONS.

REQUIREMENTS

: GRAPH PAPER
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PVT411: PAVEMENT TECHNOLOGY 4

MAY/JUNE EXAM 2015
ANSWER ALL QUESTIONS - TIME ALLOWANCE: 3 HOURS

Question 1

(a) A new bitumen-surfaced road is planned for construction in two months’
time, Data about the proposed road are as follows:

e Structural Design Period 25 years
® Analysis Period 40 years
¢ Design reliability 95%

¢ Constructed Riding Quality (PSI) 4.5
® Terminal Riding Quality (PSI) 2.5
With the aid of an appropriate diagram, briefly explain the type of maintenance
strategy that would enable the proposed road to last up to forty (40) years. [7 marks]

(b) Briefly discuss how the Dynamic Cone Penetrometer (DCP) could be used
to estimate the remaining life of pavements. [5 marksj

{c} An existing road with a double seal surface is to be assessed for traffic capacity.
A series of dynamic cone penetrometer readings were taken.

The table below gives readings from a dynamic cone penetrometer, first read every

5 blows and later every blow. Graph paper is provided. Find the thickness and DCP
Number (mm/blow) for each layer and calculate the equivalent CBR value.

In addition, allocate a material code to each layer. Using the design catalogue for wet
regions provided, assess the traffic carrying capacity of the road structure.

No. of blows DCP reading mm No of blows DCP reading mm
0 75 87 . . 640 .
5 90 88 660
10 105 89 680
15 120 9 . . . 700 -
20 135 91 725
25 150 92 745
30 165 93 768
35 180 94 790
40 195 95 810
45 210 96 835
50 225 - 97 860
55 265 98 882
60 305
65 345
70 385
75 445
80 510
85 600
86 620

[13 marks]



Question 2

A new six lane freeway is to be constructed in a high rainfall region based on an estimated
present average daily traffic (ADT) of 4 000 vehicles per day in both directions. The traffic
growth rates are expected to be 4.5% until the road is opened to traffic in five years’ time and
thereafter 7% up to the end of its design life. Heavy vehicles, averaging 0.92 E80s each,
comprise 20% of the total traffic,

(i) Calculate the predicted design traffic at the end of the structural design period
of 25 years and state the design traffic class.

(ii) If the design California Bearing Ratio of the sub grade averages 5%, propose a
pavement design using the catalogue method over the full material depth for a
structural design period stated above using a granular base.

[25 marks]

Question 3

A newly constructed section of a road is to be surfaced with 13.2 4 6.7 mm double seal.
Details of the road, conditions and specifications are as follows:

» Traffic: Heavy vehicles = 400 per day per lane
Light vehicles = 2400 per day per lane
® Terrain: Rolling with gradient greater than 4%. Design speed of slow-moving
vehicles is 35 km/h for which an adjustment of 5% is required for the
net cold binder.
¢ Climate: Dry region, and requires an adjustment of 10% of net cold binder
® Texture Depth: The existing texture depth is uniform on this section with an average of
0.5 mm
® Embedment _ _
Potential The average corrected Ball Penetration value on this section is 1.0 mm
® Aggregate: The aggregates dclivered on site conforms to SANS specifications
- ALD of 13.2 mm aggregate = 8.1 mm with flakiness index of
0%
- ALD of 6.7 mm aggregate = 3.7 mm with flakiness index of
10%
ePolicies:

- Aggregate spread rate: a dense shoulder-to-shoulder matrix is preferred for
the first aggregate layer

- Pre-coating of the second layer is recommended

- Hot spray: 80/100 Penetration Grade bitumen is to be used.

Using the TRH3 design catalogue, provide a full double seal design surfacing for the
road. (For pre-coated of aggregates, binder proportions are as follows: Tack coat = 55%:
Penetration = 45%; Fog spray = 0%).

[25 marks]



Question 4

(2) You have been appointed a special advisor to the MEC of Transportation, Province X.
Briefly discuss how the Province should efficiently manage its road maintenance
programme, [8 marks]

(b) As a special advisor to Municipality Y Road Infrastructure Development Board, you
have been approached by the MEC for Infrastructure Road Development to assist in
the selection of a proposed road design project. Two alternative designs presented to
the municipality are shown in Table 4. In addition: for Design A, the annual operating
cost is R1 200 000 throughout its life; for Design B, the annual operating cost is
R1 000 000 for the first 25 years and R1 300 000 for the remaining 5 years. The

interest rate is 12 percent.

Determine which machine is mere economical by using Net Present Value method.
Substantiate your conclusion with logic and calculation.

Table 4: Data for alternative turbines

N Design Alternative A Design Alternative B
| Cost (R) 9 000 000 10 000 000
| Annual Toll 700 000 900 000
revenue) (R)
Design life (years) 20 30

Please state every assumption made.

Using Net Present Value analysis, determine which of the two design alternatives is a
better option. (Hint: F=P (1+)"; P= A[(1+)" - 11/0i* A+)") [17 marks]

EQUATIONS, FUNCTIONS, MISCELLANEOUS INF ORMATION, & DESIGN
CHARTS

®Equivalent CBR from DCP values:
CBR = 401.8
(DCP Number) "2

*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
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Structural design of Nlexible pavements

DRAFT TRH4, Prejoria, South Africa, 1996
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Existing Texture Adjustment
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NB: Binder correction is in litres per square metre.



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
Y0 Qrbier factor (Ty temperature ()

Cutback bitumen
MC 3000 1.19-127 130-155 100
MC 70 1.63-1.72 60 - 80 Ambient
MC 30 1.886-1.99 45-65 Ambient
Penetration grade bitumen
150/200 pen 1.08 145- 185 115
80/100 pen 1.09 160 - 200 125
Polymer modified bitumen
S-Et 1.08 165- 190 150
S-E2 1.06 165- 180 150
Bitumen rubber (S-R1) 1.07 185- 205 -
Bitumen emulsions
60% emulsion 1.68 80 Ambient
65% emulsion 1.55 60 Ambient
70% emulsion 1.44 70 Ambient




DESIGN CHART FOR DOUBLE SEALS: Design ALD =11mm

ALD 11 mm DOUBLE

Embedment {mm)
DO Dz D4 DB 08 10 12 14 18 8 23 22 24 26 23 30
D 4
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Lb Note: Risk - Too mueh binder far target texiure, yet toc Infle 10 prevent whip-off




DESIGN CHART FOR DOUBLE SEALS: Design ALD = 12mm

ALD 12 mm DOUBLE

Embedment (mm)
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STONE SPREAD RATES
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