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Professor Hamad I. Al-Abdul Wahhab

Phone 3828
Office: 16-111
Office hrs:  S,T    9:00 – 11:00 AM

CE 442
Construction and Maintenance 

of 
Highways and Airports

KING FAHD UNIVERSITY OF PETROLEUM & MINERALS 

CIVIL ENGINEERING DEPARTMENT 

Spring 071 

CE 442 – Construction and Maintenance of Highways 
and Airports 

 
I- Catalog Description: 
 

CE 442 : Construction and Maintenance of Highways and Airports (3-0-3) 
Course on the fundamentals of highway and airport construction and
maintenance; topics include, asphalt plants, material placement and compaction
methods, quality control, earthwork, highway drainage and roadside
requirements; construction standards, pavement performance and evaluation, 
pavement distress identification, surface treatments, types, application and
design; overlay; pavement recycling techniques; computer applications.  

 
II- Prerequisites:   CE 341, CE 343. 
 
III- Textbook: Hot Mix Asphalt Materials, Mixture Design and Construction, by 

Roberts, F., Kandhel, P. and Brown, E., 1996.  
 
 Reference: None  
 
IV- Course Objectives: 
 

1. Expose students to the principles and concepts of highway material
testing, evaluation and quality control.  

2. Expose students to the concepts of highway and airport construction 
techniques.  

3. Introduce students to the basic principles of highway maintenance
techniques. 

4. Introduce students to commercially available software in the area of
material evaluation and quality control and pavement management.  
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V- Topics: 
 

1. Introduction: highways and airport structures, construction materials
(soils, aggregate and asphalt), and Superpave asphalt binder tests and 
specifications  

2. Hot-mix asphalt mixture design methodology, history, objectives, 
Marshall and Superpave mix design  

3. Portland cement concrete mix design for highways and airports. 
4. Highway and airport structural design 
5. Construction: material selection, placement and compaction, compaction

procedure, compactor types (steel drum, sheep foot etc…)  
6. asphalt plants type; batch plants, travel plants, drying drum plants…,

cement plants operation process  
7. Inspection: work inspection, quality control methods, stage construction   
8. Pavement Performance: performance evaluation techniques, concepts of 

roughness, skid resistance  
9. Pavement Condition: evaluation of roughness and skid resistance;

pavement evaluation methods and devices  
10. Pavement structural evaluation: destructive and non-destructive pavement 

testing techniques (Benkelman Beam, Dynaflect, Falling-weight 
deflectometer, etc.)  

11. Pavement distress: types, causes, identification  
12. Pavement maintenance: distress maintenance techniques; crack filling;

patching local specifications  
13. Surface treatments and overlays: types,  application techniques, and uses  
14. Pavement recycling: recycling techniques, uses, hot pavement recycling 

methods  
15. Hot-mix asphalt additives and modifiers  
16. Introduction to pavement management system

VI- Contribution to Professional Component: 
 
  Engineering Science:  50% (1.5 credit hours) 
  Engineering Design:  50% (1.5 credit hours) 
 
VII- Grading: 
  
  1. Attendance and Participation……………..10 % 
  2. Homework…………………………….….10 % 
  3. Two Midterms……………………………40 % 
  4. Final Exam………………………………..40% 
       _______________ 
  Total      100 % 
 
VIII- Instructor: 
 
  Dr. Hamad I. Al-Abdul Wahhab  
  Professor,  Department of Civil Engineering 
  KFUPM Box 1625 
  King Fahd University of Petroleum & Minerals 
  Dhahran 31261, Saudi Arabia 
  Mobile:  (05) 585-0573 
  Tel:  (03) 860-2550/3828 
  Fax: (03) 860-2879 
  e-mail:hawahab@kfupm.edu.sa 
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INTRODUCTION TO 
PAVEMENT STRUCTURES

Why do we need pavements?  Discussion
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Functions of a Pavement

1. Load Bearing Capacity: Distribute load from tires to 
Subgrade

2. Seal Roadbed from Moisture, Prevent Dust/Loss of 
Soil

3.  Smooth Surface for Comfortable Ride

4. Safe Ride “Friction with Tire,” Skid Resistance
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Rigid Pavement

A pavement structure of which the 
surface course is made of Portland 
cement concrete

Flexible Pavement

A pavement structure of which the 
surface course is made of asphaltic
concrete

The essential difference between Flexible 
pavement   and Rigid pavement is the manner 

in which they   distribute the load
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Pavement Section
A layered system designed to distribute 
concentrated traffic loads to the subgrade. 

Structural Model
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Typical flexible pavement cross-section.

:Key
1:  A.C. surface course
2:  base
3:  sub base
4:  compacted road
5:  subgrade
7:  roadbed

Wheel Load

Cross Slope

5

Pavement     Shoulder

1

2

3

4
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Typical rigid pavement cross-section.

Wheel Load

Pavement     Shoulder
Cross Slope

5

6

2

4

:Key
1:  A.C. surface course
2:  base
3:  sub base
4:  compacted road
5:  subgrade
6:  concrete surface
7:  roadbed
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- Wheel can be single or dual
- Axle can be single, Tandem or Triple
- Legal axle load  is (18 kip , 8 Ton) on Dual Axle. for more load add 

more axles
- For tandem-axles, the maximum allowable is 32 kip with spacing 

of 40"- 48".

Wheel load:

TRUCK AXLE DISTRIBUTION

SINGLE
AXLE 
SINGLE
TIRES

SINGLE
AXLE
DUAL
TIRES

TANDEM
AXLE

TRIDEM
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Airport: 
 
  0 Single  00 dual  Nose wheels 
 
 
  0  0 (1) single gear  Main gear 
 
 
  00  00 (2) dual gear 
 
 
 
  00  00 (3) twin-tandem gear 
  00  00  
 
 
 
 
 
                        00 
                   00 
 00 00                                    (4) Double twin-tandem gear 
00 00   

00 
                   00 
                                                                                   

5 %
95 %
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Serviceability:

Present Serviceability Index (PSI) was developed 
during the AASHTO road test.  It is based on rating 
scale to designate the condition of the pavement at a 
certain time.

0  - very poor pavement

5  - excellent pavement

PSI is based on satisfaction, comfort, roughness, skid 
resistance etc.  The index can be correlated with 
objective with objective measurements done on the 
surface of the pavement such as Roughness cracking, 
and Rut depth in the case of flexible pavement.

A Highway pavement is usually designed for a terminal 
PSI (TSI) of 2.5
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Types of distress:

Distress are caused by:
(1) Traffic loading (overloading, tire pressure, and 
repetitions) (Rut, fat crack)
(2) Environmental conditions, Temp., Rainfall …
(volume change due to wetting and drying)
(3) Materials.

   f l e x i b l e  
 P S I  =  5 . 0 3  –  1 . 9  l o g  ( 1  +  S V )  –  0 . 0 1  pc +   -  1 . 3 8   R D  
 
  S V  =  r o u g h n e s s  
  c  =  c r a c k i n g   p ,  p a t c h i n g  
  R D  =  R u t  d e p t h  
  
 f o r  r i g i d  p a v e m e n t   R D  =  0 .  
 
 

G O O D

B A D

V E R Y  B A D

A V E R A G E

C R I T IC A L
P E R IO D

T I M E

U S E R  C O S T SU S E R  C O S T S

2 00 %

1 50 %

1 00 %
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AGE

TRAFFIC

ENVIRONMENT

LAYER COMPOSITION

PAVEMENT THICKNESS

INTERACTION

PAVEMENT 
CONDITION

Utah study

Good roads cost less
• If maintained at a reasonable level of service

• Preventive maintenance

(Part 1)  APEP  7
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Effect of Treatment Timing on Costs
PC

I

AGE

40% Time

70% Time

90% Time

$ 0.70

$ 3.50

$ 6.15

$ 14.00

(Part 1)  APEP  8

Pavement Life Cycle

AGE, YEARS
FAILED

VERY GOOD

POOR

FAIR

GOOD

VERY POOR

EXCELLENT
40% DROP
IN QUALITY

75% OF LIFE
40% DROP
IN QUALITY

12% OF LIFE

$1.00 HERE 

$4.00 TO $5.00 
HERE 
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tio

n 
In

de
x
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Timing of Maintenance

Age, Years
0

20

60

40

80

100
Preventive Maintenance
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Routine 
Maintenance

Reconstruction

Rehabilitation


