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Q1 (a)
Q2 (a)
(b)
©)

Table 1 summarises volumetric data and Marshall test results obtained for five asphaltic
concrete mixture for binder course of road pavement. The Jabatan Kerja Raya
(JKR/SPJ/2008) requirements for surface course are given in Table 2.

()  Explain the importance of limiting air voids in asphalt concrete
(2 marks)

(i) Explain the influence of aggregate gradation on optimum bitumen content
(2 marks)

(iif)  Plot the graphs used for Marshall mix design analysis in the spaces provided in
the FIGURE Q1 (a)(ii).
(10 marks)

(iv) Determine the optimum bitumen content and check whether the mix meets the
JKR/SPJ/2008 requirements.
(11 marks)

There are two categories of pavements which are flexible pavement and rigid pavement.
Briefly discuss THREE (3) differences among these categories.
(6 marks)

The load of a vehicle is the total weight of all wheels connected to an axle. If axle load
for unloaded and loaded trucks are 9070 kg and 18140 kg respectively, calculate the
equivalent factors for each truck.

(4 marks)

Determine the thicknesses rigid pavement using data given;

Number of commercial vehicles on design lane = 3000/day
Dowelled joints and concrete shoulder

Concrete modulus of rupture is 4.14 MPa
Subbase-subgrade & value is 35 MPa/m.

Design life = 20 years

Trial thickness = 220 mm.

Use the calculation form as shown in Table 3. Refer Figure Q2(c)(i) to Figure

Q2(c)(ii) and 4 to Table 7 to answer this question.
(15 marks)
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Q3 (a) The embankment of a proposed alternative road from Ayer Hitam to Kluang is 10 km
long. The average cross section of the embankment is shown in Figure Q3(a). The
specification requires the embankment to be compacted to 95% of the maximum dry
density according to the B.S 1377 Compaction Test (2.5 kg rammer method). Table 8
present the density of laboratory and borrow material at various conditions.

(b)

@

(i)

(iii)

Determine the volume of borrow pit material needed for 1 m® of the compacted
road embankment.
(5 marks)

Determine the volume of additional water needed for the whole volume of
embankment.
(5 marks)

If capacity of each hauling truck is 10 m®, determine the number of trucks load
required to construct the embankment.
(5 marks)

Compaction is an important process in the preparation of the road surface.

@

(ii)

(iii)

Describe the effect of compaction to Hot Mix Asphalt (HMA) structural layer.
(6 marks)

State TWO (2) pavement distresses which may occur due to inadequate
compaction.
(1 marks)

Name THREE (3) types of compaction equipment which are commonly used in
the construction of asphalt concrete.
(3 marks)
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Q4 (a)
(b)
©)
()]

Q5 (a)

(b

©)

@

Differentiate the criteria of selection for rehabilitation work between full depth
reconstruction and partial depth reconstruction.
(6 marks)

State TWO (2) types of reconstruction techniques
(2 marks)

List the activities that are included in Pavement Management System (PMS).
(5 marks)

Prior to conducting pavement maintenance, the distressed road surface has to be
evaluated. This evaluation is important to identify the appropriate maintenance
method.

() List TWO (2) type of the pavement evaluation and state the purpose of each
type.

(4 marks)

(i) Based on the type of the evaluation above, categorize each evaluation based on
their pavement function and characteristics of each function.
(8 marks)

Potholes can damage the pavement surface, causing roughness which can causes vehicle
damage, and allows moisture to infiltrate the pavement structure. Describe TWO (2)
suitable drainage systems that must be made to assure that the moisture in the hole to
drain correctly.

(6 marks)

Water is the worst enemy of road. Explain briefly FOUR (4) consequences of water
ponding due to drainage failure that may happen.

(8 marks)

One of the tasks in highway maintenance is maintaining and repairing drainage systems.
Briefly discuss FOUR (4) importance of drainage maintenance.

(8 marks)

Road surface should be constructed and maintained with sufficient cross-fall to shed the
stormwater to the edges and into the side drains. Based on that requirement, state the
percent cross-fall that are normally adopted for paved roads, earth and gravel roads, and
shoulders.

(3 marks)

i

—END OF QUESTIONS<

4 CONFIDENTIAL



CONFIDENTIAL

BFC31802
FINAL EXAMINATION
SEMESTER/SESSION  : SEMI1/2017/2018 PROGRAMME CODE : 3 BFF
COUIRSE NAME : HIGHWAY ENGINEERING COURSE CODE : BFC 31802
TABLE 1: Volumetric data and Marshall test results
Igz‘:t':l‘t‘ Density | Air voids | Voids filled with | Stability | Flow
%) (kg/m”®) (%) asphalt (%) (kg) (mm)
4.5 2189 10.3 48.5 901 1.2
5.0 2223 8.2 57.1 1058 1.4
5.5 2254 6.0 66.7 1147 1.7
6.0 2261 53 71.5 1146 2.1
6.5 2253 4.9 74.4 1045 2.3
TABLE 2: JKR specifications for surface course
Parameter Wearing Course Binder Course
Stability (kg) > 500 > 450
Flow (mm) >2.0 >2.0
Stiffness (kg/mm) > 250 > 225
Air voids (%) 3-5 3-7
Voids filled with asphalt (%) 75 -85 65— 80
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FINAL EXAMINATION
SEMESTER/SESSION 11/ 2017/2018 PROGRAMME 3 BFF
COURSE NAME HIGHWAY ENGINEERING COURSE CODE BFC 31802
SIS TN 5.5 s oo o5 5 A RS Matric NO.: cooiveiecieeeeceieee

Note: If you are answering Q1, please submit this sheet along with your answer script.

4.0 4.5 5.0 5.5 6.0 6.5 7.0 4.0 4.5 5.0 55 6.0 6.5 7.0
Bitumen content (%) Bitumen content (%)
40 45 50 55 60 65 70 40 45 50 55 60 65 70

Bitumen content (%)

‘Bitumen content/(%).
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FINAL EXAMINATION
SEMESTER/SESSION : 11/2017/2018 PROGRAMME : BFC
COURSE NAME : HIGHWAY ENGINEERING COURSE CODE : BFC 31802
SHUAENE NAINIE: e e eeee s Matric NO.: veveeeeeeeeeeeeeeeeeeiiiiiian,

Note: If you are answering Q1, please submit this sheet along with your answer script.

4.0 4.5 5.0 5.5 6.0 6.5 7.0 4.0 4.5 5.0 55 6.0 6.5 7.0
Bitumen content (%) Bitumen content (%)

FIGURE Q1(a)(iiii) Marshall mix design plots
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StUAENt NAME: ....oneeieeeieeeeeeeeesneeeeeesnessessseeeessnnes

.....................................

Note: If you are answering Q2, please submit this sheet along with your answer script.

TABLE 3: Calculation of Pavement Thickness

Trial Thickness g 220 mm Doweled joints :

Modulus of Rupture, MR : Conrete shoulder :

Load Safety factor, LSF : 1.2

Design period : 20 years

Axle load Multiplied | Expected Fatigue analysis Erosion analysis

(KN) e Allowable Fatigue Allowable Damage,
by LSK Fepeidions repetitions percent repetitions percent

1 2 3 4 5 6 7

8. Equivalent stress : 10. Erosion factor:
9. Stress ratio factor :

Single Axle

Axle
Load, kN

133

125

115

107

98

11. Equivalent stress : 13. Erosion factor:
12. Stress ratio factor :
Tandem Axle

Axle
Load, kN

231

213

195

178

160
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FINAL EXAMINATION
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COURSE NAME : HIGHWAY ENGINEERING COURSE CODE : BFC31802

TABLE 4: Axle Load Data

(1} (2} {3 {4]
' Axles per
Axles per 1000 Axies in
Axle load, 1000 trucks design
ki trucks {adjusted; period -
Single axles

125-133 0.28 .58 6,310

115125 0.65% = 4.35 14,6890

107-115 133 .} T, &7 30,140
47.8-107 2.84 S S 64,410
H8.5-97.8 4.72 9.83 106,800
80.0-88.8 10,40 21.67 235,800
71.1-80.0 13.56 28.24 307,200
g2.2-71.1 18.84 38.83 422 500
53.3-62.2 25.89 53.94 536,900
44,4-53.3 . 81.06 168.85 | 1,837,000

Tandem axles

213-231 084 | 1.96 21,320
195-213 .88 | 384 42,870
178-195 5.51 11.48 124,800
160-178 16.45 34.27 372,900
142-160 39.08 §1.42 - BB5,800

125-142 4106 |} 85.54 930,708

1G7-125 7307 16223 1,858,006
58.8-107 43.45 | 90.52 984,900
71.1-88.28 54,15 112.81 1,227,000
53.3-71.1 55.85 12489 1,356,000

Coturns 1 and 2 derdved from loadometer W-4 Tahie, This lable also shows
13,215 total trucks countad with 6,918 two-axie, four-irs trucks {G&%}.

Column 3 Column 2 values adiusted for fwo-mde, four-tire trucks; aqual to
Colurmn 24(1-52/100]. ' ’

Colusn 4 = Column 3 x {trucks In design periody/1000. See sampls problam,
Design 1, in which trucks in design period (one diraclion) total 1(}‘38010{30.‘
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TABLE 5: Equivalent Stress —Concrete Shoulder (Single Axle/Tandem Axle)

Siab

k of sut yzaw %’t}iety« (MPa/m)

thickness (mm)

20

40

80

&w‘

144

180

100
110

4.18/3.48
3.68/3.07

3.65/3.10
Jazat

337264
§9/2.56

P o
38285

.852.74
255235

8701272

2437232

170
180

2.06/1.78

1.91/1 67

1.682/1 84
1 69/1.43

1,701 42

1.5741.32

521135
S0/1.25

1481 24
1377115

120 308275 | 280241 12677226 1 2 %}”‘* 17 1 229205 | 2.19/2.02
130 508245 | 260217 1241202 | 2.29/1.94 | 207/1.82 | 1.89/1.78
14 D B8H2.07 | 2.86/1.97 | 219/1.83 | 2.08/1.75 | 1.89/1.63 | 1.81/1.50
150 2.A4/2.08 | 2.15/1.80 | 2.00/1.67 1.90/1.59 | 1.731.48 | 1.66/1.44
160 2:24/1.03 | 1.97/1.66 | 184158 F5/1.46 | 1.59/1.35 | 1.88/1.31

1.42/1.20
1.82/1.11

sk wwede § ek omele s

190 1,77/1.67 | 1.57/1.34 | 1.46/1.23 AQ/M 17 | 1280107 | 1.2311.08
200 ¢ BE/148 | 1.46/1.26 | 1.37/1.18 S0/1.10 | 1191100 | 1.18/0.96

£

250

1.08/0.97
1.03/0.92

?ﬁ%ﬁ?i&
08608

0.87/0.83
0.92/0.79

0.89/0.75

£ & 4 vy
0.84/0.71

0.8640.72

S
081088

210 1.58/1 40 | 1.37/1.49 | 1.28/108 | 1.22/1.03 | 1.12/0.83 1.08/0.90
226 1487132 | 1.26/1.12 | 1.20/1.03 | 1.15/0.97 | 1.05/0.88 | 1.01/0.85
230 1 ATA 6 1 129107 D 110ee 1.08/0.92 | 0.85/0.83 | 0,960.80
240 1.2 1.15/4.01 1 1.07/093 | 102087 § 0.84/078 | 080076
%
8

300
% F

$.95/0.93

0.85/0.78

0.79/0.71

0.76/0.67

3 :} ¥ Sk A

270 1:30/1.04 | (.88/0.88 S.ﬁ‘%mﬁ! 0.87/0,76 | 0.80/0.68 | 0.77/065
280 (051.00 | 003085 | 087/077 | 083073 | 0.76/0.65 | 0.7400.62
290 1.0000.96 | 089081  O0BICY 679070 | 0.730.62 | 0.70/0.60

0.67/057

320

310

0.91/0.85
0.87/0.88

081/0.75

0.78/0.73

0.76/0.68
0.73/865

}j} # {wﬁ 61
.649/082

0.64/0.55
0.82/0.53

330 | 0.84/0.63 | 0.74/0.70 | 0.70/0.64 | 0.67/0.60 | 0.61/53 | 0.50/0.51
340 0.80/0.80 | 0.71/0.68 | 0.67/0.62 0647055 | 0.56/0.52 0.57/0.49
350 0.57/0.78 | 0.89/0.66 | 0.64/0,60 | 0.61/056 | 0.57/0.50 | 0.55/0.47
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Tandem Axle)

n —

Gilal

fe of subgrade-subbase WPs

mj

TABLE 6: Erosion Factor-Doweled Joints, No Concrete Shoulder (Single Axle/

thickneas {mm}

2%
Fs

40

60

=

150

‘ T
th iy
124

3.76/3.8
3.63/3:71
3.52/3.61

W ETTR N A
A0203.87
3.51/3.58

374037
JBVIES
3.4818.54

3. THA
381883

- 3ABBSE

NP
3.59/3.60
3,47/3.49

3707370
3 58/3.58
3.46/3.47

138

1440
150

3.74/3.52
E31/3.43
3.2273.38

3391347
3.5003,98
321330

| 3.29/3.35
3.20/3.27

3.39/3.44

A3BGA4G
3.28/3.33
3.18903.25

- 337388

3.27/3.30
3320

G.a503.97

3. 1y

328

10
170
180

3 ; 415 28
2 .80/3.16

320322
3.04/3.15
247308

RN
ALGANR
2.96(3.00

3437
J083.40

300335 7

3.01/3.06
2.93/2.99

e 12

4.0

00/3.04
2.00/2.97

150
200
210

2.92/3.10
2.85/3.08
2.79/2.09

2.80/3.03
LBR.GY
A TR

7 BE2.09
2 B2 54

2750268

s.paeay
20128

2A62 05
204287
273281

2 85/2.91
27842 85
2721278

220

273/2.95
2675280

2 T2 BY

2452 62

2.849/2.83
284278

PHTIRTE
281270

REB2TS
2,502,658

T
2. 38287

2.35/2.58 |

235D

3 RE RS 863 TG RDIRD PO POIMS

231244

B0 oE2m RS | 2.60/2.78 | 2508273 2.55/2.66 | 2.54/2.63
260 SETRE | 2264073 2EV2EY 250261 | 2400258
250 252076 | 249269 | 248265 2.45/2.56 | 2.44/2.54
270 o a7 74 | 244265 | 2432 61 2.40/2.52 | 2.39/2.50
250 SAnD T | 2ANDED | 238257 535048 | 2.34/2.96

2.30/2.42

2.21/2.55

| 2wz 45

2 AHE AL

218/2.38

2.14/2.30

200 o064 | 2810255 | 2300250 2260241 | 2.26/2.38
310 oot | 22T251 | 225246 | 2 22p/237 | 2217234
©Eeo SonmER | 2ouR4s | 22o1R43 | 2200240 | 218233 | 237251

243/2.28

AR 52
2.14/2.49

216244
21

241237
2.10/2.34

24202733

208230

7 10i2.27
20712 24

209224
206821

1

1
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TABLE 7: Erosion Factor-Doweled Joints, Concrete Shoulder (Single Axle /Tandem

Axle)
Slab o i k'of subgrade-subbase (MPajm) = .
thicknass {mmy | 20 A0 80 80 C1A0% 180
106 v | 3271325 | 3.241317 | 322814 | 32%3.2 | 317/31% | 315317
110  3.18/3.16 | 8.12/3:07 | 3.10/3.03 | 3.08/3.00. | 3.05/2.987 3.03/2.97
- 120 3.05/3.08 | 3.012.98 | 289/2.93 | 298/290. | 2.94/2.86 | 2.92/2.84
130 2.86/3.01 | 2.92/2.90 | 2.80/2.85 | 2.88/2.81 | 2.84/2.76 | 2.82/2.74
140 | 2.87/2.94 | 2820283 | 2.80/2.77 | 2781274 | 27542 é}{, 2.78/2.65
150 2.79/2.88 | 2742777 272271 | 2.70/2.67 | 2.67/2:64%) 2.65/2.57
160 2.71/2.82 | 2.66/2.71 | 2.64/2.65 | 2.622.60 a,smg’i?‘“ 2577250 |
170 T 2.64/2.77 | 2.59/2.65 | 2.57/258 | 2.56/2.55 | 251/2.46 | 2.49/2.43
... 180 2.57/2.72 | 2800060 | 250/254 | 2.48/2.49 | 2.44/241 | 2.42/2.37
180 2.51/2.67 | 246256 | 243240 | 2.41/2.44 | 2:38/285 | 2.36/2.32
200 11 | 245263 | 240251 | 237/2.44 | 2.85/2.40 | 2.31/2.31 | 2.3072.27
210 1 | 239/m68 | 2.3a47 | 2317240 | 229/2.35 | 2.06/2.06 | 2.24/2.22
7220 | 2.34/254 | 220243 | 226236 | 224231 | 220/2.22 | 2.18/2.18
230 | 2200250 | 228239 | 221/282 | 219227 | 215218 | 2137213 |
240 2.24/2.46 | 2.18/2.35 | 2.16/2.28 | 2.13/2.28 | 2.10/2.14 | 2.08/2.10
250 249/2.48 | 2.14/2.31 | 2117224 | 2.08/220 | 2.05/2.10 | 2.08/2.06
26O 245/2.30 | 2.002.28 | 2.06/2.21 | 2.04/2.16 | 2.00/2.07 | 1.98/2.02
270 2.10/2:36 | 2.05/2.24 | 2.02/2.18 | 2.00/2.13 | 1.96/203 | 1.94/1.99
260 2.06/2.32 | 201221 | 1.98/2.14 | 1.952.10 | 1.91/200 | 1.89/1.96
290 2,02/2.29 | 1.97/2.18 | 1.9%/2.11 | 1.91/2.06 | 1.87/1.97 | 1.85/1.98
800 i | 188226 | 1.9%218 | 1.90/208 | 1.87/208 | 1.83/1.94 | 1.81/1,90
810 1. | 195223 | 1.8%/2.12 | 1.86/2.05 | 1.84/2.01 | 1.79/1.91 | 1.77/1.87
© 20 | 181220 | 1.852.08 | 1.82/2.03 | 1.80/1.98 | 1.76/1.88 | 1.74/1.84
3830 ‘o | 187e47 | 182206 | 1.78/200 | 1.76/1.95 [ 1.72/1.86 | 1.70/1.81
340 | 1.8412.15 | 1787204 | 1.75/1.97 | 1.73/1.92 | 1.69/1.83 | 1.67/1.79
340 @+ | L8422 | 175201 | 1.7211.95 | 1.69/1.90 | 1.65/1.80 | 1.63/1.76
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FIGURE Q2(c)(i) : Fatigue analysis-allowable load repetitions based on stress
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FIGURE Q2(c)(ii): Erosion analysis-allowable load repetitions based on erosion

factor (without concrete shoulder)
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FIGURE Q2(c)(iii): Erosion analysis —allowable load repetitions based on erosion
factor (with concrete shoulder)
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TABLE 8: Density and moisture content of the soil

Laboratory compaction test In-situ (borrow pit)
Maximum Dry Density | Optimum moisture Bulk density Natural moisture
(Mg/m®) content (%) (Mg/m?) content (%)
1.98 13 1.86 9.2

i Volume before excavation
Bulking factor = _ = 1.25
Volume after excavation

<z 30m >

34m >

¥ 3

FIGURE 03(a) : Cross section of the embankment
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