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FINAL EXAMINATION 
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COURSE CODE : SKAA2832/ SAB 2832 

COURSE   : HIGHWAY ENGINEERING   

PROGRAMME : SKAW/ SAW  

DURATION   : 2 HOURS  

DATE    : JUNE, 2014   

 

INSTRUCTION TO CANDIDATES:  

1. ANSWER FOUR (4) QUESTIONS ONLY. 

2. WRITE YOUR NAME, SECTION AND LECTURER’S NAME ON THE 

FRONT PAGE OF EVERY ANSWER’S BOOKLET. 

3. REFERENCES ARE NOT ALLOWED. 

 

 

 

 

 

 

 

 

 
WARNING! 

Students caught copying/cheating during the examination will be liable for 
disciplinary actions and the faculty may recommend the student to be expelled from 

the study. 
 

This examination question consists of (10) printed pages only. 
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Q1. a) As a consultant, you have introduced the newly adopted PG-Grading 

specification for asphalt binder (bitumen) in your material section of 
road construction project requirement.  You were asked about the PG-
Grading by the contractor and client.  Clearly explain: 
i) Three systems used to grade the asphalt binder; 
ii) Why we need to change to the new PG-Grading system; and 

(15 marks) 
 

b) Aggregate gradation affects most of Hot Mix Asphalt important 
properties.   
i) Name and describe four typical aggregate gradations (you may 

use sketches to aids your explanation). 
ii) Analyze the aggregate sieve test in Table Q1(b) below, plot the 

result obtained in Figure Q1(b) and determine its gradation type. 
 

Table Q1(b): Raw sieve data 
(Please return this table with your answer book) 

Sieve size, 
mm 

Mass retained 
on sieve, g 

Mass passing, 
 g 

Percent 
passing, % 

Specified 
gradation limits 

25 0   100 

20 374   76 - 100 

14 255   64 - 89 

10 212   56 - 81 

4 501   41 - 55 

2 389   16 - 31 

0.600 305   12 - 16 

0.300 152   6 - 10 

0.075 123   3 - 7 

PAN 89    
 

(15 marks) 
(30 marks)
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FIGURE Q1 (b):  Sieve chart 
(Please return this figure with your answer book) 
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Q2. a) One of the purposes of Marshall’s mix design is to determine the proper 

proportion of bitumen in the aggregate-bitumen blend.   
i) Why adequate bitumen content is important in the bituminous mix? 

What will happen if too much or too little bitumen is used in the 
mix? 

ii) Figure Q2 (a) shows graphs from laboratory Marshall mix design 
of an AC10 mix. Table Q2 (a) below shows the requirements as 
stated in JKR/SPJ/2008. Determine the optimum bitumen content 
(OBC) for the mix. 

  
Table Q2 (a):  Test and analysis parameters 

Parameter Wearing 
course 

Binder 
Course 

Stability, S > 8000N > 8000N 
Flow, F 2.0 - 4.0 mm 2.0 - 4.0mm 
Stiffness, S/F > 2000N/mm > 2000N/mm 
Voids in total mix (VTM) 3.0 - 5.0% 3.0 - 7.0% 
Voids in aggregate filled with bitumen 
(VFB) 70 - 80% 65 - 75% 

 
(15 marks) 

 
b) There are two types of premix plant currently operating in Malaysia, 

namely Drum Mix and Batch plant.  Using a properly labeled sketch or 
sketches, explain how hot mix asphalt (HMA) was produced in one of 
the plant of your choice. 

 (10 marks) 
(25 marks) 
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FIGURE Q2 (a):  Marshall parameters 
Please return this figure with your answer book 
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Q3. a) Field density test (FDT) is very essential in pavement construction.   

i) Briefly explain two (2) methods of FDT that can be used on 
unbound road layers besides sand replacement method. 

ii) The following data was recorded from an FDT conducted on the 
compacted sub-base using sand replacement method. 

Mass of sand in the bottle (before test)  7070 g 
Mass of sand in the bottle (after test)   3525 g 
Mass of moist soil from test hole   3700 g 

Knowing the density of sand is 1250 kg/m3, mass of sand in cone 
1270 g, determine the maximum moisture content of the soil if the 
compaction job is to be considered satisfactory? Comments. 
Relationship between dry density and moisture content is given in 
Figure Q3(a). 

 

 
FIGURE Q3 (a) : Dry Density vs. Moisture Content 

(please return this figure with your answer book) 
(15 marks) 
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(b) A road sub-contractor had secured a job for construction of chip seal.  As 

specified in JKR/SPJ/2008-S4, the rate of application of polymer 
modified bitumen is 1.3 – 1.5 liter per square meter and rate of 
application of nominal 10mm aggregate is 8 – 12 kilogram per square 
meter. 
i) Determine the minimum quantities of bitumen (in liter) and 

aggregate (in cubic meter) required for 1 kilometer of chip seal if 
the width of the road is 6.5 meter and the specific gravity of the 
aggregate is 2.52.   

ii) What is the speed range the bitumen spray tanker has to travel in 
km/hr to spray the bitumen at the required rate if the width of the 
spray bar is 3.25 meter wide and the spraying rate is 15 liter per 
second. 

 (10 marks) 
(25 marks) 

 
 
 
Q4. a) To properly design the thickness of a road pavement, several important 

steps need to be followed.  
i) Draw a flowchart showing the process involved in designing the 

pavement thickness; and 
ii) Explain the process and discuss how each process influence the 

thickness designed.  
  (15 marks) 

 
b) A proposal for a two-lane State Road aimed to ease traffic congestion in 

Batu Pahat District was submitted for approval. Design the pavement 
thickness for the proposed road using Road Note 31 method.  Road will 
be opened to traffic in 2016.  Clearly state all the assumptions used.  
The data for the proposed road are: 

Average daily traffic in 2013 (ADT)  = 15,428 
Directional split     = 58/42 
Percentage of heavy vehicles (Pc)   = 17% 
Average annual traffic growth rate (r)  = 3% 
CBR value of sub-grade soil   = 9 % 

Note:  Tables and Charts are given in Figure Q4(b) 1 and Q4(b) 2. 
Formulae: 

V0 = ADT x 365 x (Pc/100) x Directional Split 
Vc = V0 [(1 + r)n - 1] / r 
ESA = Vc x e 
CBRm = [(h1CBR1

1/3 + h2CBR2
1/3 + … + hnCBRn

1/3) / (1000)]3 
Vx = Vi (1 + r)x 

    (10 marks) 
(25 marks) 
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Traffic classes Range (106 ESA) 

T1 < 0.3 
T2  0.3 – 0.7 
T3  0.7 – 1.5 
T4  1.5 – 3.0 
T5  3.0 – 6.0 
T6  6.0 – 10 
T7  10 – 17 
T8  17 – 30 

Traffic classes 
 

Class Range (CBR %) 
S1  2 
S2  3 – 4 
S3  5 – 7 
S4  8 – 14 
S5  15 – 29 
S6  30+ 

Subgrade strength classes 
 

 Double surface dressing, SD 

 Flexible bituminous surfacing 

 Bituminous surface (Wearing and binder course) 

 Road base, RB 

 Granular road base, GB1 – GB3 

 Granular sub-base, GS 

 Granular capping layer or selected subgrade fill, GC 

 Cement or lime stabilized road base 1, CB1 

 Cement or lime stabilized road base 2, CB2 

 Cement or lime stabilized sub-base, CS 

Material Definition 

FIGURE Q4 (b) 1:  Traffic, Subgrade and Material Definition 
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 T1 T2 T3 T4 T5 T6 T7 T8 
 
 
S1 

     
 100  125  150 
 200  225  250 
 225  225  250 
 350  350  350 

 
 
S2 

        
 100  125  150 
 200  225  250 
 225  225  250 
 200  200  200 

 
 
S3 

        

 100  125  150 
 200  225  250 
 250  250  275 

 
 
S4 

        

 100  125  150 
 200  225  250 
 175  175  175 

 
S5 

        
 100  125  150 
 200  225  250 
 100  100  100 

 
S6 

        
 100  125  150 
 200  225  250 

 
FIGURE Q4 (b) 2 :  Structure catalogue: Granular road base/structural surface 
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S5.  (a) Drainage is one of the important element need to be properly considered 

and designed for any road construction project especially areas involving 
both cut and fill. Using a proper sketch, show all drainage system that 
normally required in a roadway section involving both cut and fill.  
Explain the importance and function of each one of them.   

            (10 marks) 
 
 (b) A stretch of road need to undergo rehabilitation in order to improve its 

structural strength. Road authority has decided to recycle the old 
pavements as it is an environmentally friendly and more sustainable 
method.  As an engineer, you are required to advise the awarded 
contractor about the recycling methods can be applied to the project.  
Explain including but not limited to methods of recycling, the process, 
plants and materials involved, their advantages and disadvantages. 

            (15 marks) 
(25 marks) 

 


