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Q1

(a) Emulsion bitumen is one of the types of bitumen that is used in the production

(b)

(c)

of asphalt concrete mixture for road construction. Discuss about the
production and criteria of the emulsified bitumen.

(5 marks)

Compaction is one of the methods for soil stabilization where it contributes
to the enhancement of the engineering properties such as density, shear and
strength. It is necessary to identify the important properties from the
compaction test as a control measure in the compaction works of the soil.

(i)  Conclude the soil properties that can be obtained from the compaction
test of the soil.

(2 marks)

(i) Figure Q1(b) shows the results of soil compaction test with different
numbers of blows. Based on the test result, describe the correlation
that can be obtained from the test.

(3 marks)

Asphalt concrete mixture of AC 14 will be used to construct the wearing
course layer. The coarse aggregate, fine aggregate and filler are used as
materials to produce the asphalt concrete mixture. The aggregate gradation
will be blended to fulfill the gradation limit according to JKR standard
specification as shown in Table Q1(¢)(i). Based on this statement, conclude
the result of sieve analysis test of blended aggregate as shown in Table

Q1(c)(ii).
(15 marks)
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Q3 (a) Based on the diagram given in Figure Q3(a), explain clearly the followings:
(i)  The meanings of rising and falling curves in a Mass Haul Diagram
(2 marks)
(ii)  The equation used to calculate the shaded areas and its meaning
(2 marks)

(b) In order to ensure that road subgrade is prepared in accordance to the
appropriate standard, soil density must be measured. Explain briefly ONE (1)
method used to determine the field density of subgrade.

(4 marks)

(c)  The followings are the results from a Laboratory Compaction Test for a road
construction project in Batu Pahat, Johor:

Max. dry density =1.75 Mg/m’
Optimum moisture content =10%

Borrowed material properties:

Bulk density =1.60 Mg/m’

Water content =5%

Bulking factor = .20
Specification:

Soil is to be compacted to minimum of 95% of the maximum dry density
determined in BS 1377 compaction test.

Based on the data, determine:

) Volume of borrow material required for 1 cubic meter of compacted
road embankment
(3 marks)

(ii) Volume of additional water required for the entire volume of
embankment.
(3 marks)

(iii) The total number of truckloads of soil required for the project if
hauling capacity per truck is 10 m>.
(3 marks)

(d) In Malaysia, the monsoon rain causes tremendous challenges to engineers and
contractors especially when constructing roads at hillsides. The reasons are
hills are usually subjected to intermittent continuous rains throughout the year
thus, the risk of slips and landslides are high. Explain briefly FOUR (4) types
of maintenance related to roads at hillsides.

(8 marks)
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Q4 (a) Sustainable materials for road maintenance can be also defined as a way to
use a resource so that the latter is not depleted or permanently damaged.

(1) List TWO (2) types of sustainable materials that can be applied for
road maintenance activities.

(1 mark)

(i)  Propose and explain TWO (2) strategies that can be applied by the
government to increase number of projects using sustainable
materials in road maintenance.

(4 marks)

(b) Pavement recycling is a technique where an existing degraded pavement is
modified and transformed into a homogeneous structure that can support the
traffic requirements.

(1) Explain TWO (2) unique advantages of pavement recycling.

(2 marks)

(i) List TWO (2) type of additives used to improve base in Full Depth
Reclamation (FDR).
(1 mark)

(iii) Propose a solution if the in-place material in Full Depth Reclamation
(FDR) is not sufficient to provide the desired depth of the treated base.
(2 marks)

(c) There is high complaint for a road at Batu Pahat. As a road engineer at JKR
Batu Pahat, you and the technical team are required to conduct a Pavement
Condition Index (PCI) Survey to check the real condition of the road. Table
Q4(c) shows a PCI data survey for a sample unit with 5-meter width and
100-meter length. By using that data:

(1) Identify the PCI value for this sample unit. Refer Figure Q4(c)(i) to
Figure Q4(c¢)(v) for the analysis.

(13 marks)

(11) Based on the results from Q4(c)(i), suggest an appropriate
maintenance method. Justify your answer.

(2 marks)

- END OF QUESTIONS -
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Figure Q1(b): Compaction test result of the soil

Table Q1(¢)(i): Gradation specification for AC 14 mixture

BS Sieve Size (mm) | Percentage passing by weight
28.0
20.0 100
14.0 90 —100
10.0 76 — 86
5.0 50— 62
335 40 — 54
1.18 18 - 34
0.425 12 - 24
0.150 6—14
0.075 4-—8

e ————————————————————————— v
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Table Q1(c)(ii): Sieve analysis test result of the blended aggregate

BS Sieve Size (mm) | Mass Retained (g) |

28.0

20.0 0
14.0 440
10.0 625
5.0 1305
3.35 235
1.18 1360

0.425 60

0.150 285

0.075 430
Pan 260

Table Q2(b)(i): Annual Growth Rate (%)

Design

Period 2 3 4 5 6 7

(Years)
10 10.95 11.46 12.01 12.58 13.18 13.82
15 1729 18.60 20.02 21.58 23.28 2213
20 24.30 26.87 29.78 33.06 36.79 41.00
23 32.03 36.46 41.65 47.73 54.86 63.25
30 40.57 47.58 56.08 66.44 79.06 94.46

Table Q2(b)(ii): Traffic categories used in this manual (ESAL =80 kN)

Traffic Design Traffic Probability (Percentile Applied to Properties
category (ESAL x 10%) of Subgrade Material
T1 <1.0 > 60%
i ' 1.1t02.0 > 70%
13 2.1t0 10.0 > 85%
T4 10.1 to 30.0 > 85%
L5 >30.0 > 85%
jh-—“"' = e
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Table Q2(b)(iii): Classes of subgrade strength (based on CBR) used as input in the
pavement catalogue of ATJ 5/85 (Amendment 2013) manual

Sub-Grade CBR (%) Elastic Modulus Design Input
(MPa) Value
Range
SG1 5t012 50 to 20 60
SG2 12.1 t0 20 80 to 140 120
SG3 20.1 t0 30.0 100 to 160 140
SG4 >30.0 120 to 180 180

Table Q2(b)(iv): Conceptual outline of pavement structures used in ATJ 5/85

CONFIDENTIAL

(Amendment 2013)
Pavement Traffic Category ( based on million ESALs@ 80kN)
Structure <1 1to2 2.1to 10 10.1 to 30 >30
i T2 T3 T4 TS
Combined 24 cm
Thickness of 20 cm
Bituminous 18 ¢m
Lavers 10 cm
Scm
Crushed
Ageregate Road
Base + Sub-base
for Subgrade
CBR of:
o Stol2 23+15¢m 20+15¢m 20+20 ¢m NR NR
o 12.1t020 20+15¢m 20+15 ¢m 20+20 cm 20+20 ¢m 20420 cm
o 20.1 to 30 2010 ¢cm 20+10 ¢m 20+15cm 20-15¢m 20+15¢m
o =30 20 cm 20+10 ¢cm 20+10 em 20+10 cm 20+10 ¢cm
8
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Table Q2(b)(vi): Summary of material use in pavement structure in Malaysia

NEW PAVEMENT DESIGN AND CONSTRUCTION
DESIGNATION DESCRIPTION

ABBREVIATION/
SYMBOL

Primarily functional granular layer with load

DRAINAGE LAYER distribution capability similar to the Sub-Base

SUB-BASE COURSE Crushed or natural granular material with
maximum 10% fines

ROAD BASE COURSE

B D

Crushed granular material with maximum 10% | CAB
fines

» Crushed Aggregate

H H 1 0,
Crushed granular material with maximum 10% WMB

+ Wel Mix P
« Bituminous Coarse bituminous mix (AC 28) 8B
« STB1 Stabilised base with at least 3% Portland
| 8STB1
cement.
B N L |
. STB2 Stabilised base with bituminous emulsion and STB2

maximum of 2% Portland cement

BINDER COURSE

e

« Binder Course Coarse bituminous mix (AC 28) ‘ BC

WEARING COURSE

« Asphaltic Concrete 2414(-3)d|um to fine bituminous mix (AC 10 or AC BSC

Medium to fine bituminous mix (AC 10 or AC
14) incorporated with polymer modified PMA
bitumen.

* Polymer Modified
Asphalt (PMA)

* Stone Mastic Asphalt | o . 0 aotic asphalt { SMA 14 or SMA 20) | SMA

(SMA) :
« Porous Asphalt F;;!\ﬂ;ir}ily functional porous asphalt (PA 10 or PA
+« Gap-Graded Asphalt ' Gap Graded Asphalt GPA | or GPA I | FC

‘ |
|
)

E— |

14
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Figure Q3(a): Mass Haul Diagram of a road construction
TABLE Q4(c): PCI data
Distress severity Quantity
01H (m?) 1.9
01M (m?) 0.19 328 0.56
07H (m) 4.0 3.3 1.4
07M (m) 0.8 0.25 0.5
10H (m) 1.98
10M (m) 0.15

10. Longitudinal & transverse cracking, 07. Edge cracking, 01. Alligator cracking
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The formula that may required.

Ya=vp/(1+w)

Ya
ydmax

DOC =

m =1+ (9/98)(100 — HDV)

PCI = 100 - CDVmax

Alligator Cracking Asphalt 1
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FIGURE Q4(c)(i): Aligator cracking
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Edge Cracking Asphalt 7
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FIGURE Q4(c)(ii): Edge cracking
Longitudinal/Transverse Cracking
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ROADS AND PARKING LOTS: ASPHALT
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FIGURE Q4(c)(iv): Corrected deduct value

Standard PCI level of

rating scale Senice Maintenance aActivity
LOS A Routine Maintenance
LOS B Preventive Maintenance
LOsS C Rehabilifation
POOR L8 D

Major Rehabiitahon or Deferred Action

VERY POOR LOSE

SERIOUS

LOSF Reconstruction
FAILED

FIGURE Q4(c)(v): Pavement Condition Index (PCI) Rating Scale and the

corresponding Level of Service and maintenance activity
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