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Course Book

Increase student knowledge and learn the principles and practices for the
investigation, design, contracting, and construction of different types of
pavements, including maintenance and rehabilitations processes for more
durable with high performance active highway system Highway pavements are
divided into two main categories: rigid and flexible. Th wearing surface of a rigid
pavement usually is constructed of Portland cement concrete such that it acts
like a beam over any irregularities in the underlying supporting material. The
wearing surface of flexible pavements, on the other hand, usually is constructed
of bituminous materials such that they remain in contact with the underlying
material even when minor irregularities occur. Flexible pavements usually
consist of a bituminous surface under laid with a layer of granular material and a
layer of a suitable mixture of coarse and fine materials. Traffic loads are
transferred by the wearing surface to the underlying supporting materials
through the interlocking of layers .

The main objectives to be achieved after the completion of this course are
summarized below: 1. To understand pavement engineering, terminology, and
concepts. 2. To understand the different types of pavements. Ministry of Higher
Education and Scientific research Page 3 of 12 3. To recognize the different
types of flexible pavements as well as rigid pavements. 4. To get to know and
understand the engineering properties and characteristics of the different
materials that concern the pavement engineer. 5. To understand testing and
evaluation of soil, granular, and bituminous materials for pavement analysis and
design. 6. To understand the different Superpave aggregate tests and
requirements. 7. To be familiar with the Superpave asphalt binder tests and
specifications. 8. To conduct analysis of flexible pavements for stresses, strains,
and deflections in one-, two-, and three-layered systems. 9. To conduct analysis
of different types of drainage systems with their suitable design for highway 10.
To conduct analysis of rigid pavements for stresses, strains, and deflections. 11.
To design flexible pavements using the AASHTO design procedure. 12. To design
rigid pavements using the AASHTO design procedure. 13.Introduce the student
to certain case studies 12. Safety, and oral/Written Communication

Student's obligation
a. To attend the classes regularly with minimum absence.
b. To participate actively in the class discussion and Q&A session
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c. Study on daily basis to digest the class material

d. To write note off-handouts

e. Prepared for sudden Quizzes

f. through the references provided by the lecturer and to solve as much

as possible of homework and exercises for the subjective materials.
Prepare the assignment and the seminar as instructed by the lecturer.

Paper Review
Homework | 10
?> | Class Activity | 2
@
c;g' Report 8
§ Seminar 8
E’ Essay
Project
Quiz 8
Lab.
Midterm Exam 24
Final Exam 50
Total 100

By the end of the current course, the student shall be able to learn the major
activities related to the pavement design which is the part the makes the
backbone for any constructional project. This course is aimed at providing the
Highway Engineering students with basic understanding of the Highway
Engineering materials and the basic and fundamental design concept of highway
pavements structures. Students will be able to design and analyse flexible
pavements in addition, they will be able to understand the basic elements of
rigid pavement design. Students will be able to conduct a thorough analysis of
stresses, strains and deflections developed by different axle configurations and
loads in multilayer flexible pavement structures. Students will study the effect
of both traffic and environment on pavement damage. The pavement course
provide sufficient coverage of highway materials using SUPERPAVE
characterisation methods, hot mix asphalt design by using Marshall design
methods. Students will learn how to design new pavement structure Ministry of
Higher Education and Scientific research Page 4 of 12 using Mechanistic-
Empirical Pavement Design and by using empirical design methods such as
AASHTO guide 1993 method. Students will also learn how to evaluate the
structural capacity of an existing pavement structure by utilising the surface
deflection measurements and back analysis (back calculation) methods. Overlay
design will also be covered

1-Pavement Design, Materials, Analysis, and Highways, July,2020 ,First Edition
By:M. Rashad Islam, Colorado State University , Pueblo, Colorado Rafiqul A.
Tarefder, University of New Mexico, Albuquerque, New Mexico

Directorate of Quality Assurance and Accreditation S0 il Sl e si e
Onddereiladia




Principles of
2-Highway Engineering and Traffic Analysis, Fifth Edition -2013 by, Fred L.
Mannering and Scott S. Washburn,,,,Purdue university ,USA

3-Highway and traffic engineering ...by N.J. Garber and L.A. Hoel,,2009 4th
edition.. University of Virginia,USA

4-Pavemen Design and Materials by A.T. Papagiannakis and E.A.Masad.
2007....University of Texas USA Foundation Analysis and Design: Joseph E.
Bowles

5- SORP- 2007

1-Introduction 1
2-MATERIALS PROPERTIES AND TESTING 2
3. SOIL ENGINEERING AND EARTHWORK 3
4. GRANULAR TYPES AND EVALUATIN 4
5. DRAINAGE DESIGN 5
6. BITUMINOUS and PORTLAND CEMENT AS Binder MATERIALS 6.7
REQUIREMENTS

7. PAVEMENT MIX DESIGN (Marshall and Superpave methods) 8,9

8. PAVEMENT LAYERS DESIGN ( AASHTO E-1993, PCA ,and M-E /2008) | 10,11
a-flexible pavement design b- rigid pavement design c- Runway and
Taxiway design d-composite design

9. HIGHWAYS MAITENANCE AND REHABILITATION 12

Pavement sustainability 13
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Ministry of Higher Education
& Scientific Research
Erbil Polytechnic University
Erbil Technical Engineering College
Highway Engineerng Dept Academic Year 2020 — 2021
Mote: 1- Open books and notes Final Year Exam. (2=¢ Trial}
2-fAssume any missing data

Q-1- (40 mark):

A rigid pevement iz desigmed with g 11-mch slab, an Zr of 6 million lh'm”, a concrete
moduluz of rupture of 630 [b/in’, 2 load transfer coefficient of 3.1, an nitizl P31 of 4.7, and 2
terminal servicezhility mdex of 2.5, The overall standard deviation is .33, the medulus of
subgrade reaction iz 160 lbim' ( exist bed rock within 7 & level and using unbound granular
subbase | 20 cm thickmess has CBR =25% ) | and 2 relizbility of 92% iz used along with 2
drainage coefficient of 0.8. The pavement iz designed assuming traffic s ESAL of tmcks
(AADT=210 per day), (the effect of all other vehicles is ignored). A section of this road is to
be replaced (due to differsnt subprade cheracteristics) with a flexible pavement having 2
structurzl number of 3 and s expectsd to last the same number of years as the ngid
pavement. What iz the assumed zoil rezilient modulus using AASHTO method 7 (Assume all
other factors are the same as for the rigid pavement.)

Q-2 (25 mark)

According to the  available datz i table shown below relzted to sieve anzlysis of aggregate
used (determme 2l the desired blend eradstion for each sieve and all blend ranes) dependng on
trial and errors concept ( passing and retsmed %%) | mixed with asphalt cement [ G, =
1.013). Cdlculate the wolumsetric-mazs properties of 2 compacted HWMA binder layer
(VANVMA and VFA ), after fmdimg G G, and G, at OACS: | where AV=4%7

Tablel.......Agzregate gradation analyzis

Sieve 512
Size 0-5 mm o
(mam) —
19.1 100.0 100
12.7 101).0 LE]
0.8 100.0 1=
4,78 B0 1
2.36 63 0
0,300 10 L]

1 L]
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O-3+15 mark

A setof(.75-in.-dismeter dowel bars are placed 18 in. on centerin a 1 2-f-wide concreta
Slab { thickness=9 in.), as shownin Fig. below Two loads (12,000 |b each) ars applisd at A |
and B as showm. Assumes the full efficiency of the dowel bars. The modulus of subgrads
reaction is 430 pgi; the conerata modulusis 3,500 ksiand Poisson's ratio is 0.19.
Dietermina the force distributionin the dowsal hars. ]

i T2 im
il |
[}

| I, O Ot Tt o Wi e = = = 1
= =

Figwre: Dowel bars amangements

Q/4- (20 mark)

The sgeragate mix used for the dasien of an asphalt mixture consists of 38% coarsa
agpragates, 30% fine aperegatas, and 8%ominersl fillers. If the raspactive bulk spacific
pravities of these materials ara 262, 2.72 and 2 67, and the affactive specific gravity of the
ageragatas is 2.E10, daterminsa the optimum asphsalt gontant{both methods, asphalt institata
and NAPA with execute comparative batereen them)as a percentage of the total mix if
rasults obtained using the Marshall Desien method are shown in the following table. Tha

spacific gravity of theasphaltis .03,

Asphalt | Waight of spacimem | Stabilitw
Yo (=) L1-2x') ]

In sir In water
33 1325 TBA 7
[ 1330 794 9
6.5 1336 BO1 10
B

[

i 1342 804
1.3 1348 BOS

Good Luck

—

Examiner: Ars. Pro. Dr. Faogs M Jasmy

External Evaluator

M. Bafreen Chalabi
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