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Ql (a)

BFC 31802

Emulsified bitumen is one of the tlpes of bitumen which is available in the
industry.

o List Two (2) types of this bitumen. 
(2 marks)

(ir) Based on the answers in Ql(a)(i), simpliS the purpose of having different
tlpes of errulsified bitumen.

(2 marks)

An asphalt concrete mix contains 2250 kg of aggregate and 150 kg of asphalt

binder per m3. Asphalt absorption of the aggegates is l.2Yo. The bulk relative
densrty of the aggregates is 2.67, and the relative density of the asphalt is 1.05.

Determine the asphalt concrete:

(t Densrty

(ii) Asphalt conteNr! effective asphalt cont€Nrt and asphalt absorption.

(iir) Void in mineral aggregate (VtvIA) and void filled with asphalt CVFA).
(9 marks)

Asphalt concrete mixtrne of AC14 will be used to constnrct the wearing course

layer. Prior to the production of the mixture, the blending of aggregate need to
be performed and must fulfill the gradation limit according to the specification as

shown in Table l(cXi). Table l(c)(ii) slrows the results of sieve analysis test for
the blending aggregafes. Conduct the analysis of the test result and ju$iry
whether the gradation of the blended aggregates comply with the specification.

(12 marks)

(b)

(c)
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(a) The design procedure used in ATJ 5/85 (Amendment 2013) is based on
taditional concepts of pavement design, which is on the assumption that two
stains are critical to pavement perforrrance. Using the aid of diagram, name the
stains and sketch their location.

(a marks)

Cdculate load factor for the following tnrcks trafficking if equivalent standard

ade load (ESAL) is 8.16 tonnes.
(b)

(D A 9 tonnes truck with load4.Ztonnes weiglrt ofwires and cables.
(2 marks)

(ii) A 3 tonnes lorry with rmladen.
(2 marks)

(iir) A 5 tonnes articulate lorry without trailers for goods at the back.
(2 marks)

(c) You have been asked to design the pavement for an acoess highway to a major
tnrck terminal. The design daily truck traffic is 2f/o from the average daily
taffc of 30,000. The daily trafficking on the road as given in Table 2(cXi).
Annual traffc growth rate is 5o/o. ttre highway is to be designed with rigid
pavement with doweled joints and concrete shoulders. A concrete modulus of
rupture is 4137 kPa and subbase-subgrade t value is 33 MPa/m. If a 20 years

desigr life to be use4 determine the required slab thickness. Start the calculation

with trial thickness of 190 mm. Use the calculation form as shown in Table
2(c)(ii), Figure Q2(a) to Figure Q2(c) and Table 2(c)(iii) to Table 2(c)(vi).

(15 ma*s)

Q2
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Q3 (a)

o)

BFC 31802

Quality has become one of the most important factors in the selection of products

and provision of services. For road constnrctiorU the quali$ of the work has

been confioled by implementing the quality assurance.

(i) List any THREE (3) activities commonly canied out in quality assurance

in road construction.
(3 ma*s)

(ir) According to American Association Society Highway Transportntion
(AAS[ITO), there ane three key components which are designated to
define quallty assurance. State all the components.

(3 marks)

Excavation increases the volume of material. It is therefore necessary to use a

bulking factor to determine the volume of material that will be creafed by
excavation. Based on this statement:

(r) Define the bulking factor.
(2 marks)

(ir) Determine the volume of the soil after an excavation of 300 m3 of soil. The

bulking factor ofthe soil is 40 %.
(a marks)

A new road from Parit llamid to Senggarang (J9) has been constructed by Public

Work Deparfinent (JKR). Currently, the progress ofthe wort is the constnrction

of the road base layer. This layer use the crushed rock aggregafe and has been

mechmically stabilizd by conducting compaction using the roller compacter.

Field density evaluation based on sand replacement test method was conducted to
the road base layer. As site engineer, you are required to calculate the degree of
the compaction of the road base layer. Based on your calculation, determine

whether the compaction work fulfills the requiremen! subjected to the dry

density of the layer shall be at least 95% of the maximum dry density. The result

of sand replacement and moisture content test is showr in Table 3(cX0 and Table

3(c)(ii).

Useful information:

Bulk density of sand, p": 1225.71kgl-'
Maximum Oty A*tt y of the cnrshed rock aggregate :2141kdm3
Mass of sand in cone (afterpouring) : 1.205 kg

(13 marks)

(c)
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Q4 (a)

BFC 31802

Differentiafe the criteria of selection for rehabilitation work betrn'een ftll depth
reconstnrction and partial depth reconstnrction.

(6 marks)

Prior to conducting pavement maintenance, the dishessed road sur&ce is neoded

to be evaluated. lhis evaluation is important to identi$ the appropriate
maintenmce method.

(r) List TWO (2) tpes of paveme,nt evaluation and state the purpose of each

tlpe.

@ marks)

(ii) Based on the types of evaluation in Q4OXi), categorize each evaluation
based on its pavement function and characteristics of each fimction.

(a ma*s)

Table 4(c) slrows a pavement condition survey for sample Unit 1, Section JPB-

KM2 of Jalan Universiti. f,teterrrine the Pavement Condition Index for this
sample unit. Use Figr[e Q+(cxD to Figure Qa(cxviii) forthe calculation.

(11 marks)

(b)

(c)
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aS (a) Ihainage is the most important aspect that determines the performance of a road.
Failure of roads is often attributed to poor drainage. Based on that staternent, list
TWO (2) main categories of road drainage.

(2 ma*s)

O) Road surface should be constnrcted and maintained with sufficient cross-fall to
shed the storm wafer to the edges and into the side drains. For this purpose the
following cross-falls are normally adopted.

(i) State the percentage cross-falls for pavd roads,

and shoulder.

earth and gravel roads

(3 marks)

(ii) If a height of the fall is 18m and the length of the base is 4m, calculate

the percentage ofthis cross-fall and show its diagram.
(4 marks)

(c) Norrrally roads without pavd shoulder will always have defects such as the

shoulder is higher than the carriageway. Discuss the main causes of this defect

and mention remedial measurres.
(6 marks)

(d) Surface drains are designed based on the open channel flow theory by using the

Manning formula.

(i) Derive the equation that
discharge.

(ii) The main function of surface drainage is to remove rain water from the

road surface and road shoulder. Design a minimum cross section of the
drain if the allowable velocity of flow is 0.5 m/sec and quantity of water

that is expected to flow in anopen channel is 1.5 m3/sec.
(5 marks)

- EIYL OF QUESTTONS -

is used to determine the value of design

(5 marks)
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FINALDXAMINATION

SEMESTER/SESSION : SEMIy20l5/16 PROGRAMME : BF:F

COT RSE : HIGIIWAY ENGINEERING COURSE CODE : BFC3IE02

Table l(c)(i): Gradation limits for asphaltic concrete wearing course (AC 14)

BS Sieve Size (mm) Percentage passing
by weight

20.0 100

14.0 90 - 100

10.0 76-86
5.0 s0-62

3.35 40-54
1 .18 18 - 34

0.425 t2 -24
0.1 50 6-14
0.075 4-8

Table l(c)(ii): Sieve analysis test result for blend aggregates

BS Sieve Size (mm) Mass Retained (g)
20.0 0

14.0 MO
10.0 625

5.0 I 305

3.35 235
1 .18 1360

0.425 60
0.1 50 285

0.075 434
Pan 260

Table 2(c)(i): Axle load of tnrck nafficking on the road design

Axle load

SINGLE Axle TANDEMAxIe
125 23r
t07 213
98 178

80 142
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FINAL EXAI}IINATION

SEMESTER/SESSION : SEMIV2015/16 PROGRAMME : BtrF
COURSE : HIGIIWAYENGINEERING COIJRSECODE : BFC3I802

Table 2(c)(ii): Rigid pavement design spreadsheet

C,alculation of Payemerrt Thickneslt

Trial Thickness : 190mm
Modulus of Rupture, MR :

Load Safety factor, [5F : t.2

Doweled joints :

Conrete shoufder :

Design period : 2O years

8. Equivalent stress :

9. Stress ratio factor :

10. Erosion factor:

Single Axle

11. Equivalent stress :

L2. Stress ratio factor :

13. Erosion factor:

Tandem Axle

Total Total

Axle load
(kN)

Multiplied
by lSF

Expected
repetitions

Fatigue analysis Erosion analysis

Allowable
repetitions

Fatigue
percent

Allowable
repetitions

DamaB€,
percent

1 2 3 4 5 6 7

Matric Card No.
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Table 2(c)(iii): Axle Load Data
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Table 2(c[iv): Equivalent Strress{oncrete Shoulder (Single Axle/Tmdem Axle)
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X'INAL EXAMINATION

SEMESTER/SESSION : SEMIv20l5/16 PROGRAI4ME : BFF
COURSENAME : HIGIIWAYENGINEERING COURSECODE : BFC3I802

Table 2(c{v): Erosion Factor-Doweled Joints, No Concrete Shoulder (Single Axle/
Tandem Axle)
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Table 2(c)(vi): Erosion Factor-Doweled Joints, Concrete Shoulder (Single Axle
/Tandem Axle)
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X'IGIIRE O2(c): Erosion analysis -allowable load repetitions based on erosion

factor (with concrec shoulder)
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XINAL EXAMINATION

SEMESTER/SESSION : SEMIIl2Ol5ll6 PROGRAMME : BFT
COI]RSENAIUE : HIGTIWAYENGINEERING COI]RSECODE : BFC3IEO2

Table 3(c)(i): Result of the sand replacement test

Mass of sample from hole kg 6.13

Mass of sand (+ cylinder ) before potring kg 14.00

Mass of sand (+ cylinder ) after pouring tL 9.12

Table 3(c)(ii): Rezult of moistue content test

Mass of tray kg 2.300
Mass of tray * wet sample ke 8.425

Mass of nay + dry sample kg 8.230

Table a(c): PCI survey data sheet

JALA}IW (ASPI{ALT SURFACED ROAD)
CONDMON SUR\MY DATA SI{EET

Branch: Traffic laboratory TJIHM Date: I June 2016

Sunreyed by: Mr. Mustafa Kamal Sample unit A7

Section: JPB-KM2 Sampleanea:6mxl00m
01. Alligator Cracking (r#)
02. Bleeditrg (*t)
03. Block Crackiqg (mt)
04. Burnps and Sqgs (m)
05. Comrgation (rn')
06. Depreision t-tl
07. Edge Cracking (m)

0E. Joint Reflection Cracking (m)
09. Lane/Shoulder Drop Off(m)
10. Longitudinal & Tran^werse

Cracking (m)
11. Patching & Utility Cut Patching

t*tl
i2. Polished Aggregate (*t)

13. Potholes (no.)
14. Railroad Crossing (-')
15. Rutting tr"tl
16. Shoving (*1
17. Slippagi Cracking t*tl
18. Swett t-tl
1 9. Weathering/Ravellittg
(*1

Disftess

Survey
Quantrff

IL 1.2 1.92

1H I .15 2.21

7L 5_36 8.2 6.4 8.2 2.8

8M 5.2 8.1 6.6 7.1 3.6 1.3 2.4

1lH I .15 l-73

13L 3

15L 0.24 2.1 2.7

T9L 60
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F'IGIJRE OA(c)O : Alligator cracking
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F'IGURE O4(cXii) : Edge Crcaking
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F.IGIIRE,O{(pYiiil : Joint Reflection Cracking
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X'IGIIRE O4(c!fi4 : Patching and Utility Cut Paching
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F'IGURE O4(cYv) : Potholes
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fi*
CI(}
s

s
t
$.t
NUa
a
lrf

F
s(l

??ilsfsrFre0 ls
lurAt ffitcT Ytu.G ffwl

:Corrected Dduct Value

f,O*ffi *SF Plf,(tlG.LSilF; *f,FH*tT

20 CONFIDENTIAL



F'INAL

SEMESTER/SESSION
CoIJRSENA},IE

sEM IIt 2fir5tr6
ITIGITWAYENGINEERING

PRM
CT}T'R.SE@DE

BFF
BFC3l&N

Fonnulae:

eg3ee of comprction {p/h/fDD) x 100

po= N(l+m)

Mna: Pnax I\,[c

Vc: hdc/ G,un(agg) x p\r)

Vnn: Mn/ Gnn(asp) x prnr)

Va -V-(Vc+ Vsu)

PsFMBE/I\{

PBA: hdBAlhdc

VtvIA{VnrtVa)A/

\lFA:Ynn(VrrfVe)

Pn:Mn/IvI

m: I +(9/98X100-HDV)

CONFIDENTIAT BFC 3rEO2

2l CONNDENTIAT


