Design of Flexible
Highway Pavements

Ministry of Transport Method
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Shoulder
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\

In situ soil

* Asphalt concrete not required on shoulder surface courses
for local and low volume roads.

** Base course can include both asphalt concrete and
aggregate base.

Minimum Base Course Requirements:
Expressways—15 cm asphalt concrete
Nonexpressways—5 cm asphalt concrete
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Table 1.09.3

Typical*
Truck Class and Weight
Distributions
Type ol ; Typical A
Truck . o Percentage Percent of ADT| Gross Vehicle EAL Per
SAL- l : i Axle L A
Class Tﬁ:l}- TE::EL;A:::?E Total Trucks | In Design Lane | Weight (Ton) E:{u;ff i]:;:ﬂ Vehicle
Single Unit 2.5 9.5
N.1 2 Axle 66 14.8 12 1.82
(2 SAL) 0.01 1.81
Single Unit 3.3 14.5
N.2 3 Axle 13 2.9 18 0.86
(1 SAL, 1 TAL) 0.03 0.83
Multiple Unit 2.5 8.0 10.5
N.3 4 Axle 11 2.5 21 1.16
(2 SAL, 1 TAL) 0.01 0.93 0.22
Multiple Unit 3.5 10.0 11.5
N.4 5 Axle 10 23 25 0.53
(3 SAL,Z TAL) 0.03 0.18 0.32
Totals/Average 100 22.5 1.48

*Based upon 1977 Truck Study by Italconsult and a survey by Italconsult/Rio/DarHandash, Ministry of Communica-
tion 198].

**Based upon Truck Volume = 50% ADT and 45% Truck in Design Lane.




Table 1.09.2
Percentage of Total Truck Traffic

In Design Lane

Number of Traffic Lanes |

(two directions)

Percentage of Trucks
In Design Lane

Ih e

2
4

6 or more

50
45
40
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Eight-Ton Load Equivalency Faclors
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Figure 1.09.5
Asphalt Concrete Base Course Thickness Requirements
For Roads Other Than Expressways
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Table 1.09.4
Pavement Material Equivalencies

Substitution
Ratin’

Base Course
Asphalt Conerete (Plant Mix) 1
Asphalt Concrete (Road Mix) 1.75
Untreated Aggregates

Crushed Aggregate 2.5
Matural Gravels 3
Treated Aggregate
Bituminous-Treated
Apggregates
Lime-Treated Aggregates
Cement-Treated Apgrepates

Subgrade
Select Material (Soil)
Bituminous-Treated Soil
Lime-Treated Soil

| CERUE

fad Tk LR

.5
e

Cement-Treated Soil A5

"Miltimerers af marerial needed 1o replace one millimerer
of the asphali concriie pavement,

Example of Alternative Pavement Designs

Problem Statement: Determine the most cost-
effective pavement section that is structurally
equivalent to the following:

5 cm asphalt concrete surface (AC)
15 em asphalt concrete base (AC)
22 em crushed aggregate base (CAB)
30 em subgrade borrow
Diesign so1l CBR = 10
Total traffic = 2.25 x 10* EAL

Typical pavement section consists of 3.65 m
travel way, 3.00 m shoulders and 4:1 fore-
slopes.

Procedure: Since the asphalt concrete surface
and base requirements are at minimum levels
established by 2-1.09A2, only the crushed ag-
gregate base and subgrade are subject to alter-
nate design.

Determination of which alternate materials are
to be compared should be based upon availa-
bility, feasibility, and economic analysis,
Assume the asphalt concrete (AC) and lime-
treated aggregate (LTA) meet these criteria for
base material and the lime-treated soil (LTS)
meels criteria for alternative subgrade mate-
rials.

To provide structurally equivalent sections, the
following equation must be sarisfied:
Ta X SRH
SR,
where T, = Thickness of Material A
SR, = Substitution Ratio of Material /
Ta = Thickness of Material B
SRy = Substitution Ratio of Material |

The thickness of lime-treated aggregates re-
quired for 22 cm of CAB is
(22em) (2)

s I
Tira = 17.6 cm, use 18 cm

=Ty

_If asphalt concrete base were substituted, the

required thickness would be

(22 em) (1) T
—___(2.5] = lac
Tac = 8.8 cm, use 9 cm

The amount of lime-treated soil required to
replace 30 cm of borrow soil is
3
(30 frr;} o)
TI.TS =2l cm

From Figure 1.09.8, a soil strength CBR of 10
requires a 42 cm of cover for 2.25 X 10* EAL.
Therefore, any of the following pavement
structural sections except Alternative B are ac-
ceptable:

A B

5 em AC surface 5 cm AC surface
15 cm AC base 24 cm AC base
22 em CAR 30 em subgrade borrow
30 em subgrade borrow

C ¥

5 em AC surface 5 em AC surface
15 em AC base 24 cm AC base
18 em LTA base 21 em LTS
30 em subgrade borrow

E

5 em AC surface
15 cm AC base
18 em LTA base
21 em LTS



5. Cost Comparison of Acceptable Alternatives

Quantity for

Alternative A One Meter Length

5 cm AC surface 6525 m’
15 ¢cm AC base 1.9875 m’
22 ¢cm CAB 3.0000 m'
30 cm subgrade borrow 4.2300 m'

Alternative C

5 cm AC surface 6525 m'
15 cm AC base 1.9875 m'
18 cm LTA base 24444 m’
30 cm subgrade borrow 42180 m'

Alternative D

5 ¢cm AC surface 6525 m!
24 ¢cm AC base © 32016 m'
21 em LTS 2.8959 m'
Alternative E

5 em AC surface © L6525 m'
15 cm AC base 1.9875 m
18 ecm LTA base 2 4444 m
21 em LTS 29337 m

In this case Alternate “A" is the least costly
and depending on the importance of the other
factors as identified in 2.109B6, may be the
best structural section.

6. Pavement Structure Selection

The design process for pavement structures 1s
summarized in Figure 1.09.9. Final selection of
the most appropriate pavement section shall
follow these steps and be based upon consider-
ation of the following items:

i
i
1
i

Unit Price
(Riyals) Cost

160 104.40
150 298.13
50 150.00

15 _63.45
Total 615.98
160 104.40
150 298.13
110 268.88
15 63.27
Total 734.68
160 104.40
150 480.24
80 231.67
Total 816.31
160 104.40
150 298.13
110 268.88
80 234.70
Total 906.11

Lowest unit cost.
Local environmental conditions.
Variability of proposed material properties.

Availability and local history of requlred
construction techniques. ‘
Level of performance that the pavement is
to maintain. '

Routine maintenance requirements and
availability.
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Problem Statemenl: A four-lane (iwo lanes
each direction) rural roadway is proposed. De-
termine the total EAL for pavement design.
Given

From Local Traffic Study (two-way traffic):
3,000 Vehicle/Day in 1983
Estimated Traffic 5000 Vehicle/Day in 2003

Average percentage of trucks through design
tperiod is 30 percent,

Truek Type and Axle Load Dﬁlnbullun use
data from Table 1.09.3

Mumber of
Trucks Average
Uniks,” 100 EAL® Total
Truck Ul Trucks  Per Truck EAL
Single Units =
Two Axle 66 x 182 = 2012
Three Axle
ar Mare 13 % 086 = 11.18
Multiunit
Three Axle 11 % L16 = 11L2%
Four Axle N = 053 = @630
Toal EALA1OD Trucks = 148.88

! Individuwal values thould be obrained from detailed eruck
rraffic and truck weight study and analysic

Procedure

For single unit (two axle) average GVW 15 12
ton with 2.5 ton (20,859 ) on ront axle and 9.5
ton (79.2%) on rear axle. From figures 1.09.2
and 1.09.3 EAL's are 0.01 and 181 respec-
tively.

EAL/ruck is 1.82. The same procedure is
then used again to determine the EAL for each
of the other travel unit catcgories, i.e. single
unit 3 axle, multiunit 3 and 4 axles.

Average Trucks Per Da:r =
(3,000 + 5,000}, Tm = 2,000 Trucks/Day

Average Dumly Truclr.s- in. Design Lane =
{2,000) (45) = 900 Trucks/Day (45% Table
1.00.2)

Total Trucks in Design Lane for Design Period
= (900 Trucks/Day) (365 Days/Year) (20
Years) = 6,570,000 Trucks

Total EAL for Pavement Design =
(6.570 > 10" Trucks) (148.88 EAL/100
Trucks) = 9.781 = 10" EAL

Where detailed traffic analysis is not available

and upon approval of the MOC under provi-
sions of HDM-1-1.06B13, the following equa-
tion shall be used 1o determing the total num-
ber of equivalent 8-ton loads.

EAL = 1,220 ADT (0) + ADT (20}

where EAL = Total number of equiva-
lent 8-ton axle loads
ADT (D) = Initial ADT
ADT (20)= ADT at end of 20-year
design period,
1. Soil Considerations

The soils directly below a pavement structure
greatly contribute to the overall performance
of the pavement. The strenpth and variabiliny
of this material must be considered in the de-
lermination of flexible pavement thickness re-
quirements. The material may either be native
soils such as in eut sections or may be im-
ported material from designated sources as in
fill sections. In either case, representative sam-
ples af this material must be collected and
tested in the laboratory or in place. A mini-
mum depth of 1.0 m below the top of the
subgrade surface should be considered when
selecting representative samples. Testing must
only be performed on samples that are in 4
condition that accurately represents the afier
construction condition of the soil directly be-
neath the pavement structure. Therefore, den-
sity and moisture controls that are required
during construction must also apply to
remolded samples that are used for strength
determinations.

The soil-strength inpot value should be deter-

mined by either using the California B:ar‘ingl

Ratio (CBR) MRDTM 213 or the Resilient
Modulus (see Asphah Institute Manual MS-1),
The scil support value used in the pavement
design shall be equal to the %0th percentile of
the representative samples of either the nawu-
rally occurring soil below the subgrade or the
material proposed for subgrade construction.
The lower of these %0th percentile values shall
be selected as the soil strength for pavement
design. An example illustrating the determing-
tion of the soil strength value is given below,
The soil strength value may vary between sec-
tions within a project dependent upon eco-
nomic analysis of the entire pavement siruc-
ture, subgrade, and natrally eccurring in situ
material.

|



Example of
Selection of Soil Strength Value

Field Samples and Laboratory Test Results
Borrow for Subgrade | On-Site Material at Subgrade
CBR CBR

13 12

25 18

30 8

26 17

32 20

Highest Lowest]

Borrow CBR 32 30 26 25 13

Percent of Tests 20% 40% 60% 809% |100%
Greater Than or

Equal

On-Site Material
CBR 20 18 17 12 8
Percent of Tests 209 40% 609% B0% |100%
Greater Than or
Equal to

CBR Value

90th Percentile Values:
Borrow Material CBR = 20

On-Site Material CBR = 10.5
Soil Strength of CBR = 10 is Used for

Design

3. Base Course Thickness Requirements

In addition to satisfying the minimum struc-
tural requirements given in 2-1.09A2, all
pavements shall meet minimum base course
thickness requirements for the local soil or
borrow source conditions and estimated traffic
loads. Figure 1.09.4 shall be used to determine
minimum asphalt concrete base thickness re-
quirements for the soil and traffic on
expressways. Figure 1.09.5 shall be used to
establish minimum asphalt concrete base re-
quirements for traffic and soil conditions on all
roadways other than expressways. Figure
1.09.6 and Figure 1.09.7 shall be used to deter-
mine the amount of crushed aggregate base
needed to meet requirements. When the as-
phalt concrete thickness values from Figures
1.09.4 and 1.09.5 exceed 15 cm and 5 cm re-
spectively, 30 cm of aggregate base is required.



