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1-Abstract:-

Pavement structural design is a complicated task; traffic loads, characterizations of
pavement materials and climatic conditions all are factors must be taken into consideration
during the design process and it is important to understand how each factor affects the
overall performance of the pavement structural design. For many years, extensive research
has been performed on the refinement and development of pavement structural design
procedures such as, (Empirical Methods, Limiting Deflection Failure Methods, Stone
Matrix Asphalt and AASHTO 1993). All mentioned methods does not take into
consideration the pavement performance or it does not take all important factors which
affect the pavement performance like ( Traffic loads, Climatic conditions and Material
characterizations ) [1], But now the Mechanistic-Empirical Pavement Design Guide
(MEPDG) which was created by the AASHTO organization in 2002 can be used. This
design method allows engineers to design pavement structural layers to sustain predefined
limits of distress levels due to traffic loads and environmental conditions based on
mechanistic empirical locally or nationally calibrated performance models. The user is
required to input variables related to traffic, environment, HMA, base/sub-base and sub-
grade characteristics. This paper is focused upon the ability of using the MEPDG under the
Egyptian conditions and the modifications needed to use it in Egypt comparing it with other
used methods in Egypt and it was found that it is possible to use the MEPDG in Egypt and
replace the American climatic data by the Egyptian one also the distresses on the chosen
Egyptian roads were predicted
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2-Introduction:-

The MEPDG includes the
following improvements that make it
superior to the existing AASHTO
Pavement Design Guide: (a) the use of
mechanistic-empirical pavement design
procedures, (b) the implementation of
performance prediction of transverse
cracking, faulting, and smoothness for
jointed plain concrete pavements, (c) the
addition of climatic inputs, (d) better
characterization of traffic loading inputs,
(e) more sophisticated structural modeling
capabilities, and (f) the ability to model
real-world changes in material properties.
But it should be kept in mind that the
program will not compute a thickness for
any pavement layer, A trial cross section
with initial thickness for every layer will
be assumed then all required data will be
inputted (traffic loads, characterizations
of pavement materials and climatic
conditions) and establish acceptable
pavement performance criteria
(acceptable values for rutting, cracking
and the international roughness index IRI)
then select a desired level of reliability of
these performance indicators then the
program will compute the stresses and
strains using multilayer elastic theory or
finite element models for each damage
calculation increment through the design
period, calculate accumulative distresses
at the end of the design life, predict key
distresses (rutting, fatigue cracking and
thermal cracks) [2].

The input data needed to run the
MEPDG software is very extensive and
detailed. The amount of data required is
much bigger than with traditional design

methods or with previous versions of
AASHTO design methods. In order to use
the software and to take advantage of its
full power, the local input data needs to
be available at the level of detail required
by the program. This paper included the
available data about some roads network
in Egypt the resulted distresses by using
the MEPDG.

Inputs required by the MEPDG
software can be classified in four
categories: general, traffic, weather and
structural. The program gives the designer
the flexibility to use site specific or
general input data for the traffic and
structural inputs. Site specific information
will provide for the most reliable design,
but since the level detail required is high,
the data is not always available for the
designer.  General  default input
parameters should be used with caution,
since they should represent the input data
of the project.

Depending on the quality of the
input data used, the design is categorized
into three input levels, level 1 from actual
laboratory and field testing, like dynamic
modulus testing of HMAs, site specific
axle load spectra and vehicle class
distributions. Level 2 designers use an
intermediate level of input that could be
obtained from an agency database,
derived from a limited testing program or
estimated through correlations. Level 3
design uses default values or typical
averages for the region [3].

So the program will not make a design or
suggest a pavement section but it will
analyze an existing section then make a
distress prediction.
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Fig.1 The flow chart of the new design guide system [4]
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3-Objectives:-

This research work aims to study
the possibility of using the MEPDG
method in the design of Egyptian roads
and determine the required data for this
purpose (weather data, Traffic, Materials)
two roads were selected to compare the

C.30

4-1Weather information:-

The weather information in Egypt is
not included in the program. The United
states data is the only available data so the
program was modified to accept the
Egyptian weather data. The data was

pre-designed sections with the resulted

distresses

calculated by

using

the

MEPDG Cairo Alex New Desert Road,
Cairo Ismailia Road as cases of study.

collected from the Hong Kong
observatory web site [5]
Weatheronline UK web  site  and

www.timeanddate.com web site[6]. Cairo

4- Design required data under the was chosen to represent the climatic
Egyptian conditions: condition for Egypt.
domingo lunes martes
Evening | Night|Morning|Afternoon Evening| Night Morning Afternoon
3 ] [ i
Weather: = ﬂ £
High level | Clear. Sunny. Sunny. Sunny. |(High level] High level Suﬁny. Hot.
PP clouds. Cool. Mild. Extremely Mild. clouds. clouds.
Description: | pe freshingly hot. Nippy. |  Mid.
cool.
Temperature: 70°F [66°F| 78 °F 99 °F 77°F {60°F | 75°F 98 °F
Comfort Level: 76°F [66°F| 78 °F 94 °F 78°F | 60 °F 77 °F 93 °F
Dew point: 36°F [32°F| 35°F 32°F | 43°F | 42°F | 44°F 34 °F
Wind Speed: 3mph 6mph| 10mph | 11 mph | 8 mph | 3mph | 1mph 5 mph
Wind Direction: ~ A ) - \ \ & N
Humidity: 26% 28% 22% 10% 30% 50% 35% 1%
Visibility: 31mi {30mi| 38 mi 50 mi 29mi | 14mi | 25mi 49 mi
Chance of Rain: 0% 0% 0% 0% 0% 0% 0% 0%
Amount Rain: : x o : R Z & .
Fig.2Egyptian weather data
4-2Structural Data:- Authority of Roads, Bridges and

The structural data for the chosen
roads was determined from the
Information Department of the General

Transportation (GARBT)in the Egyptian
Transportation Ministry and it was as
following [7].

Table 1 pavement thicknesses

Wearing Binder Macadam Base Sub-base
Road name
surface(cm) | Corse (cm) (cm) Corse(cm) (cm)
Cairo-Alex Desert 5 7 15 25
Cairo-Ismailia 5 - 20 -
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4-3Traffic Data:-

The traffic data for the chosen roads
was also determined from the Information
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Department of the (GARBT) and it was
as following.

Table 2 Traffic data for Cairo Alex road
And Ismailia road year 2009 [7]

Road name Cairo Alex | Ismailia
A.AD.T 32772 66081
Bikes% 1.36 .95
Cars and Trlrs% 55.18 1231
2 Axle long% 13.62 10.98
Buses % 11.03 9.89

2 Axle 6 tires% 591 3.85

3 Axle single % 3.91 0.59
4 Axle single% 1.89 0.02
05 Axle double% | 3.21 0.45

5 Axle double% 252 0.51
0 6 Axle double% | 0.78 0.22
0 6 Axle multi 0.44 0.13

6 Axle multi% 0.140 0.08
O 6 Axle multi% | 0.01 0.00
PCU 46346 40042

4-4Material properties:-
From several Contractors companies

laboratories

the materials

data was

collected such as the mix design and the
Table 3 material properties

soil properties. As an example, the data of
the new Cairo Alex Deseret toad and
Ismailia road was as following:-

Road Alex | Ismailia Alex | Ismailia | Alex | Ismailia
Layer properties Wearing surface Binder Corse Macadam
Specific gravity 2.32 2.35 2.4 2.4
Binder content % Ded 2.0 4.8 4
Air voids % 5 4.8 8 13
Ret % # 3/4 in 1.3 1 13 25
Ret % # 3/8 in 21 24 45 23
Ret % # no 4 in 52 49.5 62 50
Passing % # no 200 4.5 5 1 0 |
Dynamic modulus psi | 268000 [ 265000 207000 | 200000 | 166000psi |
Binder grade Pen ( 60-70)
Granular base CBR =80 % (A-1-a) soil
Sub-base CBR =30% (A-1-b) soil

Subgrade

CBR=10% (A-3) soil
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5-Applying the MEPDG:-

For the New Cairo Alex Desert road and
Ismailia road the distresses prediction was
as following:-

Fatigue cracking and rutting was assumed
to be the most important distresses'

Table 4 Cairo Alex desert road distresses

Road Alex Ismailia
Time in Max fatigue Total rutting | Max fatigue | Total rutting

year cracking% cm cracking% in
2 4.05 1.2 p I 1.09
4 8.17 1.33 5.11 1.29
6 12.3 1.53 8.21 1.43
8 16.5 1.65 11.5 1.56
10 20.6 1.75 15 1.67
12 24.7 1.84 18.6 1.78
14 28.7 1.92 22.3 1.88
16 32.7 2.01 26.1 1.98
18 36.5 2.09 29.9 2.08
20 40.3 2.17 33.6 2.15

6- The Design reliability:

The reliability of the pavement
design performance process is the
probability that a pavement section
designed using the process will perform
satisfactorily over the traffic and
environmental conditions for the design
period. [8]"

How _the design reliability could be

measured:-

After running the MEPDG
program and predicting the distresses
such as (rutting, thermal cracks, fatigue,
IRI) then the actual distresses are
measured in the field then a relation
between the actual and the predicted

distress is plotted [8].
Aspha11t Layer - Ruiting
09
R =064
o 08 N =334
£ 07 S, =0.045 —
ISy = 1
& g SeiSy =0.713
O
g 05
O L
g 04 s
B 03 AL A
a § L J o L
02 N ' v
0.1
0 “ T T
0 0.1 0.2 0.3 0.4 05 a7 0.8 09 1

Actual AC Rutting

[ o Fredicted vs Ave. Eslimated Measures AC Rutting — Equalty Line|

Fig.3 Reliability Calculation
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7- Discussion:

Figure 6 and 10 show that the
rutting deformation will reach and
overreach the allowable value before the
end of the design life for the two chosen
roads about 30% of the predicted
permanent rutting occurs at the first year
of the design life then it increases in a
semi linear behavior at that is familiar to
the and this is conformity to the usual.

Figures 8 and 12 show that the
chosen roads have no problem with the
longitudinal cracks at all and that is
reasonable to the fact because in Egypt it
is rare to see a longitudinal crack.

Both roads have high alligator
damage percent and that is reasonable
because of the very high traffic loads.

Figures 7 shows that Cairo Alex
desert road will reach very high level of
fatigue damage and high level of fatigue
cracking, however it is consisted of three
asphalt layers base layer and sub-base
layer and that is reasonable since alligator
damage occurs due to tensile strain from
the bottom to top, the three used asphalt
layers used in the roads (
wearing surface, binder course and
macadam layer) are arranged as shown in
figure 4

5cm Wearing surface

6cmBinder course

7cm Macadam

Fig.4 Cairo Alex desert road pavement section

since the less ductile layer was
placed at the bottom of the pavement
section (at the maximum tensile strain) so
it is predicted that it will not have the
ability to resist the tensile strain which
means that the alligator cracks must
happen and it will begin at the bottom of
the macadam layer the upper layer of the
macadam is the binder course one which
has less air voids than the macadam layer
so it will be easy for the alligator cracks
at the macadam layers to be reflected on
the binder course layer and then to the
wearing surface layer but if macadam and
binder course layers are exchanged in

place, there will be no problem with the
alligator cracks .

The predicted values of rutting
were also high values and that is also
expected because rutting reaches it is
maximum value at 2 in (5.08cm) depth of
the pavement section as shown in figure 5
that means that the maximum rutting will
occur on the surface the binder course
layer which has higher bituminous
content than the macadam layer so it has
less rutting resistance but if the macadam
layer and the binder course on exchanged
the maximum rutting will occur on the
macadam layer which has low bituminous
content and high resistance to the rutting.

Pavement Depth
0N DA WN - O

0 10 20 30 40 50

60

%0 HMA Rut Deprh

70 80 90 100

Fig 5 rut depth via pavement depth [9]
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8-Conclusions:

The analysis showed that the following
conclusions are:

1-MEPDG could be used in Egypt. The
local input data required can be
obtained and the distress can be
predicted.

2-The distress models of the MEPDG are
Flexible and can be calibrated to fit
the pavement performance observed
in Egypt.

3- Some updates for the MEPDG
software that would make it easier to
use in regions outside North America
are including the possibility of adding
new stations with all the weather data,
to avoid the need to modify an
existing station.

4- Level 2 data input binders is ready to
be used in Egypt. Traditional binder
testing at different temperatures
provides the required information to
characterize the binders .

5- For HMA mixtures it is suitable to use
level 2 of design. The required
mixture and binder properties needed
for the material characterization can
be easily obtained for the local
materials.

6- Level 1 design input for material
characterization would require
investments in testing equipment,
which are not widely spread in Egypt.

REFERENCES:

[1] Regis L. E. C. "Mechanistic -
Empirical  design  of  Flexible
Pavements: A Sensitivity Study",
Thesis of the Facuity of the Graduate
School of the University of Maryland
2006.

[2] NCHRP Guide for Mechanistic-
Empirical Design of New and
Rehabilitated Pavement Structures,
Final Report. NCHRP Project 1-37A.
National ~ Cooperative ~ Highway
Research Program. Transportation
Research Board, National Research
Council, March 2004.

[3] Rodrigo D., Carlos W. Juan Pablo
A.," Towards the implementation of the
MEPDG in Latin America preliminary
work carried out in Chili", Paper
submitted for publication at the
Transportation Research Records Journal
(TRB) ,2011.

[4] Myungook K., Teresa M. A., Hussain
Ba.," Development of a Regional
Pavement Performance Database for
The AASHTO Mechanistic —
Empirical pavement design guide:
Part 2: Validations and Local
Calibration", thesis of Department of
Civil and Environmental Engineering
University of Wisconsin, Madison,
May 2007.

[5] The http://www.hko.gov.hk web site.

[6] The www.timeanddate.com web site.

[7] General Authority of Roads, Bridges
and Transportation (GARBT) in the
Egyptian Transportation Ministry
2009.

[8] Manuel A., "Reliability in
Mechanistic Empirical Pavement
Design Guide", presented at TRB
Workshop 152, 2007.

[9] Sherif M. El-Badawy "Recommended
Changes to Designs not Meeting
HMA Fatigue Cracking and Rutting
Criteria", proceedings of The Sixth
International Engineering Confrence of
The Faculty of Engineering, Mansoura
University in Sharm Elshiekh, 2008



C.35 M. El-Shabrawy, M. H. Z. Ibrahim and O. S. El-Bagalati

Rutting depth

120
AC Rumng Design value = 0.25
Total Ruitng Dasign Umit = 075
108
08 4 /
o SubTotalAC
e SubTotaBase
060 ~——SubTolsiSG
- Total Rutting
—e—TotaiRutReliablity
~—Total Rutting Design Lim
0.40
i
020 /_:f/_/—’_’_’,_/_,—-f—"_—’_/;}-
0.00 - -

24 48 72 2 120 144 138 192 216 240 264

)

Pavement Age (month)

Fig.6Total rutting in Cairo Alex desert road

Bottom Up Damage for Alligator Cracking

=3
3

2

2

3

-

&

8

‘Max damage %

2 24 4 7 % 120 = 168 192 218 240 254
Pavement Age (month)

Pavement Age (month)

Fig.7 Cairo Alex Desert Road Alligator Crack

Surface Down Cracking - Longitudinal

I Max damage %

°
2 24 48 72 2 120 144 168 192 18 4 254

Pavement Age (month)
Fig.8Cairo Alex Desert Road longitudinal Crack




Mansoura Engineering Journal, (MEJ), Vol. 36, No. 4, December 2011. C.36

Rutting depth

1%
160
W
10
—R
e Ut Refalikty
e Jo3ig0 Limi
)
)
LY
Pl
0 T T » T Y & Y 7 Y . ?
A 1] 1] % 120 14 158 192 ] A0 4
Pavement Age (month)
Fig.9 Cairo Alex Desert Road IRI
Permanent Deformation: Rutting
12
4C Rutting Design Valus = 0.25
Tol2l Ruttng Design Limit = 0.7%
——SubTalahC
~SubTotalBase
= SUbTolaSG
e Total Rl
— TotaRuRekabity
—Total Rultng Design Lind
-
o : - :

48 n 96 120 144 158 162 i 40 264

Pavement Age (month)

Fig.10Rutting in Ismailia road




C.37 M. El-Shabrawy, M. H. Z. Ibrahim and O. S. El-Bagalati

Max damage %

ax damage %
=

E

Bottom Up Damage for Aligator Cracking

Pavement Age (month)

Fig.11 Ismailia Road Alligator Crack

Surface Down Cracking - Longitudinal

~+=Sutface
~—Degth = 06

u 4@ i % 20 1ed L] 182 25 X

Pavement Age (month)

Fig.12Ismailia Road Longitudinal Crack



Mansoura Engineering Journal, (MEJ), Vol. 36, No. 4, December 2011. C.38

20

186

160 4
140

120

—eelRI
E 00 ——IRI 8t Rehabilty|
=t weeDesign Limit
80

50

0

23

]

[} 24 48 72 96 120 1w 158 192 215 240 264

Pavement Age (month)

Fig.13 International roughness index in Ismailia Road




	Applying the Mechanistic Empirical Pavement Design Guide under the Egyptian Conditions.
	Recommended Citation

	Untitled

