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PREFACE

URBAN TRANSPORT GUIDELINES (UTG) is a series of documentis written for
practising transportation engineers which describes current recommended prac-
tice in selected aspects of urban transportation. They are based on South Afri-
can experience and research and have the full support and approval of the
Committee of Urban Transport Authorities.

To confirm their validity in practice, UTGs are circulated in draft form for a two-
vear period before receiving the final approval of CUTA. During this period, sug-
gestions for improvement may be sent to: ' ‘

The Secretary

Committee of Urban Transport Authorities

¢/o Division of Roads and Transport Technology
P O Box 395

0001 PRETORIA

After final approval by CUTA, the revised document will be issued as a full UTC
in both official languages.

=
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SYNOPSIS

This document deals with the structural design of paved and gravel urban roads.
It covers the selection of design strategies, the estimation of design traffic,
materials, environmental and practical considerations, structural design and cost
analysis.

SINOPSIS

Hierdie dokument handel oor die struktuurontwerp van stedelike geplaveide en
gruispaaie. Dit dek die keuse en ontwerpstrategieé, die skatting van ontwerpver-
keer, materiale, praktiese en omgewingsoorwegings, struktuurontwerp en koste-
ontleding.

KEYWORDS

Structural design, urban roads, paved roads, gravel roads, catalogue of designs,
design traffic materials, environment, cost analysis
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L INTRODUCTION: THE SCOPE AND PHILOSOPHY OF
THE REPORT |

The procedures for the structural design of road pavements presented in this
document are applicable to urban roads and surfaced residential roads in
southern Africa. A special section on gravel roads has also been included. The
procedures are based on a combination of existing methods, experience and
fundamental theory on the behaviour of structures and materials. It must be kept
in mind that the proposed procedures do not necessarily exclude other design
methods.

it is important to attend to layout planning and drainage design before the
structural design of a road is addressed. The structural design of a pavement is
aimed at the protection of the subgrade through the provision of pavement
- layers. With rehabilitation a chosen level of service has to be achieved over the
analysis period as cheaply as possible. Structural design encompasses factors
such as time, traffic, pavement materials, subgrade soils, environmental
conditions, construction details and economics. The procedures cover a range
of pavement types and materials currently used in local practice.

1.1 GENERAL OBJECTIVE

When a road pavement reaches the end of its serviceable life, it is usually
rehabilitated in some way to provide a further period of service. If the designer
has to make a fair comparison of proposed new pavement designs, he requires
a common basis, usually cost.

A comparison can be made by taking into account both the structural capacity
of the initial pavement and estimates of the rehabilitation measures that will
probably be necessary to maintain the pavement in a servicable condition over a
realistic analysis period. The design philosophy may be summarized as follows:

The aim of design is to produce a structurally balanced pavement which, at.
minimum present worth of cost, will carry the traffic for the structural design
period in the prevailing environment at an acceptable service level without
major structural distress. If necessary, the pavement should be capable of
being strengthened by means of various rehabilitation measures to carry the
traffic over the full analysis period.

1.2 THE DESIGN PROCESS

A flow diagram of the design process discussed in this document is shown in
Figure 1. The flow diagram has eight sections. Each section will be treated
separately but all sections have to be considered as a whole before a design
can be produced.

The first five sections represent the basic inputs to pavement design, namely
road category, design strategy, design traffic, materials available and

Structural design of urban roads
UTGS, Pretoria, South Africa 1988 1



environment. With these as inputs the design will use the catalogue of various
pavement types to obtain possible pavement structures, to include future
maintenance measures and some construction considerations, and eventually to
compare the different pavement structures on the basis of cost.

A simplified design flow diagram for the structural design of residential roads
{Category UC and UD) is suggested in Figure 2.

The catalogue is based on experience of pavement construction and pavement
behaviour throughout southern Africa. Each design has been checked by means
of mechanistic pavement design techniques.

The catalogue should be adequate to provide the basic design required.
However, special conditions may require a more detailed analysis by means of
other methods.

SELECT
SECTION | ROAD CATEGORY STRUCTURAL
~ “lua,us, uc or UD DESIGN %
o PAVEMENT
. BEHAVIOUR
e TERMINAL
SELECT SECTION 6 CONDITION
DESIGN STRATEGY « PAVEMENT
e ANALYSIS TYPE SELECTION
PERIOD AND o CATALOGUE
SECTION 2 STRUCTURAL.
DESIGN PERIOD
o ALTERNATIVE
STRATEGIES INCLUDE
PRACTICAL
CONSIDERATIONS
ESTIMATE o DRAINAGE
DESIGN TRAFFIC + COMPACTION
SECTION 7
SECTION '3 « TRAFFIC CLASSES | s * PROBLEM
Eo- E4 SUBGRADES
o CROSS - SECTION
s CONCRETE
PAVEMENTS
CONSIDER
- MATERIALS
o AVAILABILITY OF :
SECTION 4 | MATERIALS DO COST
¢ UNIT COSTS ‘ ANALYSIS
s PAST EXPERIENCE o PRESENT WORTH
OF COSTS
o CONSTRUCTION
SECTION 8 COSTS
DEFINE o DISCOUNT RATE
ENVIRONMENT « FUTURE
¢« TOPOGRA PHY MAINTENANCE
SECTION 5 | [ \MATIC REGION o SALVAGE VALUE
o DELINEATE
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s DESIGN CBR

% Refer back to SECTION 2, reiterate
FIGURE 1
Structural design flow diagram
(Mainly for category UA and UB roads)

: Structural design of-urban roads
2 : UTG3, Pretoria, South Africa 1988



SECTION 1

SECTION 3

SECTION 4

SECTION S

SELECT )
ROAD CATEGORY

UA,UB,UC OR UD

|

ESTIMATE
DESIGN TRAFFIC

¢ CONSIDER
CONSTRUCTION

TRAFFIC

y

CONSIDER
MATERIALS

® AVAILABILITY OF
MATERIALS

e UNIT COSTS

e PAST EXPERIENCE

4

DEFINE
ENVIRONMENT

e TOPOGRAPHY
e CLIMATIC REGION

e DELINEATE
SUBGRADE AREAS

® DESIGN CBR

| |

FIGURE 2

v

SECTION 6

SECTION 7

SECTION 8

A

STRUCTURAL
DESIGN

« PAVEMENT
BEHAVIOUR

« PAVEMENT TYPE
SELECTION

e CATALOGUE

L

INCLUDE
PRACTICAL
CONSIDERATIONS

e DRAINAGE
¢ COMPACTION

e PROBLEM
SUBGRADES

e CROSS - SECTION

* CONCRETE
PAVYEMENTS

Y

.DO COST
AMALYSIS

® PRESENT WORTH
OF CONSTRUCTION
COSTS.

Simplified design flow diagram for residential roads
(Category UC or UD)

2 ROAD CATEGORY

2.1 DEFINITION OF ROAD CATEGORIES

For the purpose of this document, four different road categories, namely UA,
UB, UC and UD are considered (Figure 3). A road category is defined by a
combination of parameters (Table 1) such as importance, service level, traffic
and constructed standard. The four road categories mentioned above cover the
range from every important arterial road with a very high level of service and
very high volume of traffic, to less important, lightly trafficked residential roads
and culs-de-sac with a moderate to low level of service. Figure 3 gives a
schematic illustration of the different road categories.

Structural design of urban roads
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2.2 IMPORTANCE, SERVICE LEVEL, TRAFFIC AND ROAD STANDARD

The designer should ascertain whether the traffic volume and other factors
comply with Table 1 and whether they are acceptable to the controliing
authority.

The level of service that a user expects from a road is related to the function of
the road, to the general standard of the facility and partly to the volume of traffic
carried. For example, the user will expect a better riding quality on a dual-
carriageway arterial road than on a minor residential road. The design traffic is
expressed in terms of the total number of equivalent standard axles (E80s) over
the structural design period (refer to Section 4).

RURAL TRUNK ROAD ?

ROAD GENERAL ROAD
CLASS DESCRIPTION CATEGORY
@ PRIMARY ROADS UA

. CBD ROADS uB

(3) |DISTRICT DISTRIBUTOR
®

LOCAL DISTRIBUTOR .

(%) |ACCESS COLLECTORS
(No buses)

(o)
G5 | ACCESS ROADS

I

: "
] > = ZAN 7 O
i
FIGURE 3

lliustration of different road categories
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TABLE 1

Definition of the four road categories

Road Category
UA uB uc Ub

General Primary and distributor roads L.ocal access

description roads

Road class 1and2 3and4 5(a) and 5(b) 5(b) to 5(f)

Detailed Trunk roads District and Residential Local access

description and  and primary local access roads — loops,

function distributors distributors collectors. Also  access ways,
(SAICE: (SAICE: Minor  car parks. No access courts,

? Freeway and arterials and bus routes. access strips
major arterials).  collectors). Also and culs-de-
Also by-passes  industrial roads, sac.
and certain CBD roads,
rural main goods loading
roads. areas and bus

routes.

Importance and  Very important.  Important. Less important.  Unimportant.

service level High level of Moderate level Moderate to low Low level of
service. of service level of service.  service.

Total traffic

over structural

design period: ‘ ,

(8) if road 0,8—-50x10° 0,05 -3x10° <02 x 10°

carries - E80s/lane E80s/lane E80s/lane

contruction

traffic

(b) if road does 0,8 — 50 x 10° 0,05 -3 x 10° <«0,05 x 10°

not carry E80s/lane E80s/lane E80s/lane

construction

traffic

Structural design of urban roads
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3 DESIGN STRATEGY

3.1 ANALYSIS PERIOD, STRUCTURAL DESIGN PERIOD AND DESIGN
STRATEGY ;

The design strategy could influence the total cost of a pavement structure.

Normally a design strategy is applicable only to Category UA and UB roads. For

Category UC and UD roads, the design periods are fixed.

The analysis period is a convenient planning period during which complete
reconstruction of the pavement is undesirable. The structural design period is
defined as the period for which it is predicted with a high degree of confidence
that no structural maintenance will be required. In order to fulfil the design
objective of selecting the optimum pavement in terms of present worth of cost,
it is necessary to consider how the pavement is expected to perform over the
analysis period. The manner in which a design strategy can be presented is
demonstrated schematically in Figure 4 which shows the generalized trends of
riding quality decreasing with time and traffic for two different pavement
structures, namely:

e Design 1, which requires resurfacing to maintain the surface in a good
condition, and later some structural rehabilitation such as an overlay (Figure
4(a)), and

e Design 2, which is structurally adequate for the whole of the analysis period
and requires only three resurfacings (Figure 4(b)).

It is important to note that any design procedure can only estimate the timing
and nature of the maintenance measures that may be needed. Naturally such
estimates are only approximate but they provide a valuable guide for a design
strategy. The actual maintenance should be determined by way of a proper
maintenance procedure. The accuracy of the prediction could be improved by
having a feedback system.

3.2 SELECTION OF ANALYSIS PERIOD AND STRUCTURAL DESIGN
PERIOD

3.2.1 Selection of analysis period

The analysis period is a realistic cost period. There may be a difference between
the analysis period and the total period over which a facility will be used. The
analysis period is often related to the geometric life. If the road alignment is
fixed, a period of 30 years should be used. In the case of a short geometric life
in a changing traffic situation, a short analysis period will be used. The analysis
period will influence the salvage value referred to in Section 9.

3.2.2  Selection of structural design period

(@) Category UA roads
For Category UA roads, the structural design period should be reasonably
long because:

Structural design of urban roads
6 UTG3, Pretoria, South Africa 1988
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e It is usually not politically acceptable for road authorities to carry out
heavy rehabilitation on recently constructed pavements.

s Road user costs are high and the cost of the disruption of traffic will
probably cancel out any pavement cost savings resulting frorm the choice
of short structural design periods.

e The road alignment is normally fixed.

As shown in Table 2, the structural design period adopted in this document
is 20 years, for Category UA roads.

(b) Category UB roads
For Category UB roads, the structural design period may vary depemd ng on
the circumstances. Long structural design periods (20 years) will be
selected when circumstances are the same as for Category UA roads.
Factors that encourage the selection of short structural design periods are:

e a short geometric life for a facility in a changing traffic situation;
e a lack of short-term funds, and
e a lack of confidence in design assumptions, especially the design traffic.

Structural design periods may range from 10 to 25 years. Normally a period
of 20 years will be used (Table 2).

(c) Category UC roads
For Category UC roads (residential roads) a fixed structural design period of
20 years is recommended (Table 2).

TABLE 2
Structural design periods for various road categories
Road Structural design period”
category (years)
Range Recommended

UA 15-25 20
uB - 10-25 20
uc 10-30 20

* The analysis period for Category UA and UB roads is 30 years.

(d) Category UD roads
~ The traffic volume is so limited that no structural deulgn period is
applicable.

Structural design of urban roads
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4 DESIGN TRAFFIC

4.1 TRAFFIC CLASSES FOR STRUCTURAL DESIGN PURPOSES

The cumulative damaging effect of all individual axle loads is expressed as the
number of equivalent 80 kN single-axle loads (E80s). This is the number of 30 kN
single-axle loads that would cause the same damage to the pavement as the
actual spectrum of axle loads. For structural design, an estimate of the
cumulative equivalent traffic over the structural design period is required. This
cumulative equivalent traffic can be determined in two different ways:

¢ by estimation from tabulated traffic classes, and

e through detailed computation from initial and mean daily traffic, growth rates
and lane distribution factors.

The estimation of the cumulative equivalent traffic over the structural design

period from tabulated values is recommended, unless more specific information

is available.

The cumulative equivalent traffic (total E80s over the design period) is grouped

into six traffic classes, varying from ER for residential roads to E4 for very

heavily trafficked roads. The class of traffic is a major factor in the selection of
the actual pavement structure from the catalogue of designs. The traffic classes

TABLE 3 ,
Classification of traffic for structural design purposes

Traffic ~ Cumulative equivalent Description
class traffic, E80s/lane

ER  (<0,05 x10%) Residential roads. _

EO 0,05 -02 x 10° Lightly trafficked collector roads, very
few heavy vehicles.

E1 0,2 - 0,8 x 10° Collector roads and lightly trafficked

bus routes, mainly cars and light
delivery vehicles.

E2 0,8 -30x10° - Medium volume of traffic, bus routes
and arterial roads.

E3 3,0 - 12x10° High volume of traffic and/or many
heavy vehicles.
Major arterial routes.

E4 12 — 50 x 10° Very high volume of traffic and/or a high
proportion of fully laden heavy vehicles.
Major arterial routes.

Structural design of urban roads
UTG3, Pretoria, South Africa 1988 9



are defined in Table 3. A detailed computation of the cumulative equivalent
traffic would be applicable only when the design traffic class is bound to be
higher than EO (ie E1 to E4). For Category UC and UD roads, computations of
traffic are normally not necessary. However, if residential roads carry
construction traffic, a calculation may be necessary to show that the design
traffic class changes from ER to EO.

For certain lightly trafficked roads a change in the service level may be
considered because of anticipated lower vehicle speeds. In these cases a lower
road category should be seleoted rather than changing the designs in the
catalogue. ,

4.2 DETAILED COMPUTATION OF EQUIVALENT TRAFFIC
The detailed computation of the cumulative equivalent traffic involves:
¢ load equivalency of traffic;

e surveys of traffic conditions;

e projecting the traffic data over the structural design period, and

e estimating the lane distribution.

Load equivalency of traffic

The number of E80s is termed the equivalent traffic. The load equivalency factor
relates the number of repetitions of a given axle load to the equivalent number of
E80s. This equivalency factor is a function of pavement composition, material
types, definition of terminal condmons and road ndeablhty Table 4 gives
average equivalency factors based on:

P , ‘
e ()
80 ‘

where n = 4.2
F = load equivalency factor
P = axleload

Pavements that are sensitive to overloading, such as shallow-structured
pavements with thin cemented bases, may have n values of more than 4,2
whereas less sensitive, deep-structured pavements may have n values of less
than 4,2. The designer can carry out a sensitivity analysis over the spectrum of
axle loads with n values ranging from 2 to 6. This may be useful especially in the
case of abnormal axle load spectra.

The equivalent traffic can be determined by multiplying the number of axle loads
(t) in each load group of the entire load spectrum by the relevant equivalency
factor (F j) determined from Table 4.

Structural design of urban roads
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TABLE 4
80kN single-axle equivalency factors, derived from

(%)
F= [ —
80

80 kN axle 80 kN axle

Eﬁmgle—axle equivalency Single-axie equivalency

oad, P (kN) factor, F load, P (kN) factor, F

Less than 15 0,000 115-124 5,100
15-24 0,004 125-134 7,000
25-34 0,019 135-144 9,400
35—-44 0,062 145-154 12,000
45 - 54 0,150 155 - 164 16,000
55— 64 0,320 - 165-174 20,000
65 —-74 0,590 175- 184 26,000
75 -84 1,000 185~ 194 32,000
85-94 1,600 195 - 204 39,000
95-104 2,400 More than 205 50,000

105—-114 3,600 |

By summation the equivalent daily traffic is
E= 2 B 4.2

4.2.2  Surveys of traffic conditions%1,8

The present average daily traffic is the amount of daily traffic in a single
direction, averaged over the present year. This traffic can be estimated from
traffic surveys carried out at some time before the initial year. Such a survey
may include: '

e static weighing of a sample of vehicles;

¢ dynamic weighing of all axles for a sample period (eg a traffic axle weight
clagsifier (TAWC) survey), and

e estimation procedures based on visual observations.

o,

aj Static weighing procedures
The static axle loads of a representative sample of vehicles can be
determined by means of permanent weighbridges or portable scales. These
axles loads can be classified into convenient axle load groups. A visual
survey of all passing traffic should be carried out at the same time. The
visual survey is used to divide the traffic into various appropriate categories.
Using the axle loads determined by static weighing, an axle load is
attributed to each category of traffic determined during the visual count.

Structural design of urban roads
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This gives an estimate of the number of repetitions of a given axle load.
More than 90 % of all equivalent traffic is due to laden commercial vehicles
(ie more than 60 % full). Greater emphasis should therefore be placed on
these vehicles. A commercial vehicle is defined as a vehicle with a carrying
capacity of more than 2700 kg.

Dynamic weighing procedures

The traffic data logger (TDL) can be used to determire the dynamic load of
moving axles. The TDL sensor installed in the traffic lane determines the
load of every axle moving over it. The load of the axle is then classified into
one of 11 load groups, in increments of 2 000 kg. If an equivalency factor is
then attributed to each load group, the equivalent traffic can be caiculated
as described in 4.2.1.

~ Estimation procedures based on visual observations

These procedures are used when costly traffic determinations are not
justified or. when the characteristics of the road make dynamic weighing
difficult. The methods are based on information gained from countrywide
TAWC surveys and visual observations. The observer should categorize the
vehicles into three groups, depending on whether the commercial vehicles
are:

e mostly unladen;
e 50 % laden, or
e mostly fully laden.

The E80s per commercial vehicle should be determined according to the
values given in Table 5. The total number of commercial vehicles should be
multiplied by the appropriate factor to establish the equivalent traffic for the

TABLE 5
Determination of E80s per commercial vehicle

Loading of commercial vehicles Number of E80s/

(or type of road) ’ commercial vehicle
Mostly unladen (Category UC, residential 0,6

and collector roads)

50 % laden, 50 % unladen (Category UA 1,7

or UB, arterial roads and bus routes)

> 70 % laden (Category UA or UB, main 2,6

arterials or major industrial routes)
Fully laden bus 3,0

12
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period over which the visual estimation was done. Note that, over the last
10 years, the number of E80s per commercial vehicle has increased at a
rate of about 6 % per annum. The values in Table 5 could change in the
future, especially if the legal axle load limit changes. Table 5 also gives an
indication of the number of E80s per commercial vehicle on various types of
road.

Other more detailed visual estimation procedures can be used. In using these
procedures more attention is given to the actual loading conditions of the
commercial vehicles on the specific route.

4.2.3  Projection of the traffic data over the structural design period

(a} Projection to initial design year
The present average daily equivalent traffic (daily E8Gs) can be pro;ected to
the initial design year by multiplying by a growth factor determined from the
growth rate:

G = (14 0,01 . I%X oo eeeeeeee e eee e e 4.3

where g = growth factor
i = growth rate
x = time between determination of axle load data and opening of
road in years

The traffic growth factor (g) is given in Table 6.

(b) Computation of cumulative equivalent traffic

The cumulative equivalent traffic (total E80s) over the structural design
period may be calculated from the equivalent traffic in the initial design year

~and the growth rate for the design period. Where possible, the growth rate
should be based on specific information. More than one growth rate may
apply over the design period. There may also be a difference between the
growth rates for total and equivalent traffic. These rates will normally vary
between 2 % and 10 % and a value of 6 % is recommended.

The daily equivalent traffic in the initial year is given by:
Eiﬁ&‘h&% = ng ................................................................................................. 4.4
The cumulative equivalent traffic may be calculated from:
Ne = Einitial - fy
where fy = cumulative growth factor, based on
fy = 365(1 + 0,01 A1 +0,01.)Y = 1//(0,01.))

(y = structural design period — see Section 3)

The cumulative growth factor (fy) is given in Table 7.

Structural design of urban roads
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TABLEG6

Traffic growth factor (g} for calculation of future or initial traffic
rom present traffic

Time between

determination of g for traffic increase, i (% pa)

axie load data and

opening of road,

x (years) 2 3 4 S 6] 7 8 9 10

1 1,02 1,03 1,04 1,05 1,06 1,07 1,08 1,09 1,10
2 1,04 106 108 1,10 1,12 114 117 119 1,21
3 1,06 1,09 1,12 1,16 1,19 123 126 130 1,33
4 1,08 1,13 1,17 122 126 131 1,36 141 1,46
5 +,10 1,16 122 1,28 1,34 140 1,47 154 1,61
6 1,13 1,19 1,27 1,34 142 150 159 1,68 1,77
7 1115 1,23 1,32 1,41 150 161 1,71 183 1,95
8 1,17 1,27 1,37 1,48 159 172 1,85 199 214
9 1,20 1,30 142 155 169 1,84 200 2,17 2,36
10 1,22 1,34 1,48 1,63 1,79 197 2,16 2,37 2,59
11 1,24 1,38 154 1,71 1,90 210 2,33 258 2,85
12 1,27 143 160 1,80 201 225 252 281 3,14
13 1,29 147 167 1,88 213 241 272 3,07 3,45
14 1,32 1,51 1,73 1,98 226 258 2984 334 3,80
15 1,35 1,56 1,80 2,08 240 276 3,17 3,64 4,18
16 1,37 1,60 1,87 2,18 2,54 295 3,43 397 458
17 1,40 1,65 1,95 2,29 2,69 3,16 3,70 4,33 5,05
18 1,43 1,70 2,03 2,41 2,85 3,38 4,00 4,72 556
19 1,46 1,75 2,11 2,583 3,03 362 432 514 6,12
20 1,49 1,81 219 2,85 3,21 3,87 466 560 6,73
21 1,52 1,86 228 2,79 340 414 503 6,11 7,40
22 1,55 1,92 237 2,93 360 443 544 6066 814
23 1,58 1,97 246 3,07 382 4,74 587 726 8,85
24 1,61 2,03 256 3,283 4,05 507 634 791 89,85
25 1,64 2,09 267 3,39 429 543 685 8,62 10,83
26 1,67 2,16 2,77 3,56 455 581 740 9,40 11,92
27 1,71 2,22 2,88 3,73 4,82 621 7,99 10,25 13,11
28 1,74 2,29 3,00 3,92 511 6,685 863 11,17 1442
29 1,78 236 3,12 4,12 542 7,41 932 12,17 15,86
30 1,81 2,43 3,24 4,32 574 7,61 10,06 13,27 17,45

Structural design of urban roads
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4.2.4 Estimating the lane distribution of traffic

On multi-lane carriageways, the traffic will be distributed among the lanes. Note
that the distribution of total traffic and equivalent traffic will not be the same. The
distribution will also change along a length of road, depending on geometric
factors such as climbing lanes or interchange ramps. Suggested design factors
for total traffic (B) and equivalent traffic (Bg) are given in Table 8. As far as
possible, these factors incorporate the change in lane distribution over the
geometric life of a facility. The factors should be regarded as maxima and

decreases may be justified.

TABLE 8
Design factors for the distribution of traffic and equivalent traffic among lanes
and shoulders
Total Design distribution factor, Bg or B
number
of traffic Surfaced  Lane 1~ Lane 2 Lane 3 Surfaced
lanes slow fast
shoulder shoulder™

(@) Equivalent traffic (E80s) Factor Be

2 1,00 1,00 — —_ —

4 0,95 0,95 0,30 — 0,30

6 0,70 0,70 0,60 0,25 0,25
(b) Traffic (total axles or evu***) Factor B

2 1,00 1,00 — —_ —

4 0,7C 0,70 0,50 — 0,50

6 0,30 0,30 0,50 0.40 0,40

* Lane 1 is the outer or slow lane
** For dual-carriageway roads

" evu = equivalent vehicle unit; one commercial vehicle = 3 evu

4.2.5 The design cumulative equivalent traffic

The design cumulative equivalent traffic may be calculated by multiplying the

equivalent traffic by a lane distribution factor (Bg):
Ne = (tj. Fj) . gx . fy  Be i

16
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where  Ztj. Fj = equivalent daily traffic at time of survey
Jx = growth factor to initial year (x = period from traffic survey
to initial design year)
fy = cumulative growth factor over structural design period
(y = structural design period)
Bé = lane distribution factor for equivalent traffic

The designer should now go back to Table 3 to determine the design traffic
class (ER — E4). Simple interpolation techniques are available (described in
Section 7) if the pavement structure is to be designed to greater accuracy with
regard to traffic. ‘ '

in order to check the geometric capacity of the road, the total daily traffic
towards the end of the structural design period can be calculated from:

n = (initial total daily traffic) . gx . ..ooovvrrcir e 4.8
with gy as previously defined. |

When projecting traffic over the structural design period, the designer should
take into account the possibility of capacity? conditions being reached, whnch
would result in no further growth in traffic for that particular lane. ~

Figure 5 gives a nomogram for determining the design traffic class from the
initial E8Qs per lane per day, the growth rate and the structural design period. It
is applicable only to traffic classes E1 to E4.

Structural design of urban roads
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5 MATERIALS

5.1 GENERAL LIST OF PAVEMENT MATERIALS AND ABBREVIATED
STANDARDS

The selection of materials for pavement design is based on a combination of
availability, economic factors and previous experience. These factors have to be
evaluated during the design in order to select the materials best suited to the
conditions.

The design procedure generally uses the standard material specification defined
in TRH14 Guidelines for road construction materials10. The classification of the
materials is given in Figure 6. The material codes listed in this table are used
extensively in the catalogue of designs. Only abbreviated specifications are
given and TRH1410 should be consulted for more details. Waste materials (eg
blast-furnace slags) and pedogenic materials have not been clas§iﬁed because
of their varying quality. If these materials are used they should be classified
according to the appropriate material codes!0. The materials are classified into
various categories according to their fundamental behaviour and into different
classes according to their strength characteristics.

5.2 DESCRIPTION OF MAJOR MATERIAL TYPES

This subsection describes the materials in Figure 6 and their major
characteristics. The behaviour of different pavement types consisting of
combinations of these materials is described in Subsection 6.2.

5.2.1 Granular materials and soils (G1 to G10)
These materials show stress-dependent behaviour, and under repeated stresses
deformation can occur through shear and/or densification.

A G1 is a dense-graded, unweathered, crushed-stone material compacted to
86-88 % of apparent density. A faulty grading may be adjusted only by means
of the addition of crusher sand or other stone fractions obtained from the
crushing of the parent rock. G2 and G3 may be a blend of crushed stone and
other fine aggregate to adjust the grading. If the fine aggregate is obtained from
a source other than the parent rock, its use must be approved by the purchaser
and the supplier must furnish the purchaser with full particulars regarding the
exact amount and nature of such fine aggregate. G4 to G10 materials cover the
range from high-quality gravels used in pavement layers (CBR 25 — 80) to lower-
quality materials used in selected layers (CBR 3-15).

in gravel roads natural gravel materials of quality G4 to G10 are used for the
wearing course.

5.2.2  Bituminous materials (BC to TS)
Bituminous materials are visco-elastic and under repeated stresses they may
either crack or deform or both. Normally a BC continuously graded bitumen hot

Structural design of urban roadé !
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3

SYMBOL|CODE MATERIAL ABBREVIATED SPECIFICATIONS
v v vl G¢ Graded crushed siong ‘| Dense -graded unwacthered crushed sions; Max. size
v v 37,8 mm; 86 ~B8 /s of apporent density;fings P14
v v Vi g2 Graded crushed stone Dense-graded unwecthered crushed sfane ; Max. size
v v 37,.8mm;, 100 -102% mod. AASHTO; flnes PT % &
v v G3 | Graded crushed stone Denisa - gradad stane + soll binder; Max. size 37,8 men;
vy minimum 98% mod. AASHTO | 'fines PL $8 °
O Oo G4 | Notural gravel cBR 4 BO;PIb 6
6 9 of 68 | Natural gravel CBR ¢ 45 PI ¥ 10: Max. size 63 mm
o0
O, : G6 Natural grave! CBR ¢ 25; Max size d 5 loyer thickness
° .
a OO a7 Gravel - soil CBR 4 15 Max siui& iayer thicknass
OO ol G8 Grovel -soil CBR 4 10 at in silu density
’a 06 G9 Gravel - sofl CBR <4 7 at in situ density
(D 0 4| 610 | Gravel-soil CBR4 3 ol in sty density
8C Bitumen hot-mix osphalt Continuously graoded; Mox size 26,5 mm
8s Bitumen hot-mix asphalt Semi - gop - groded, Max size 37,5mm
TC Tor whot-mix aspholt As for BC {continuously graded)
TS Tar hot-mix asphait As for BS(semi - gop - graded )
W PCC | Portland cement concrete Mod.rupture 4 3,8 MPa, Max.size > 75 mm
Ct Cemented crushed stong or grvel] UCS 61012 MPg gt 100% mod. AASHTO; Spec af isas?
G2 befora treatmoent; Oense-graded
/ ce Cemented crushed stons or grovel| UCS 3 to 6 MPa ot 100% mod. AASHTO; Spec
S fh 4 generally 62 or G4 befors reatment ; Dense - graded
é:;,’:'t'c::,,,,’:': c3 Cemented natural gravel UCS 1,8 to 3,0 MPg ot 100% mod. AASHTO | Mon siza
l,n,’“ 4 Z 63 mm
L7 000020 ¢4 | cemanted naturol gravel UCS 0,75 101,55 MPa ol 100% mod AASHTO, Mox aize
VIIVIIY &3 mm
AG Asphalt surfacing Ref. TRH8 gap - graded
AC Asphalt surfacing Ref. TRH8 continuously groded
AS Asphalt surfacing Ref. TRHB semi - gap - graded
AQ Asphalt sut facing Ref. TRH8 open-groded
o §i Surface freatment Ref. TRH3 single seal
— s$2 Surface trestment Ref TRH3 multiple sect
e 53 Sand seol Ref. TRH3
— sS4 Cape seal Ref. TRH 3
o §5 Sturry Fine groding
_— §8 Slurry Coarse grading
— $7 Surface renewal hu’uunulor
—— s8 Surface renewal Diluted emulsion
¥ ¥ V|wmi | woterbound macodom Mo, slze TSmm; Pl of fines + 6 88-30% of oppovent
7 ¥ densily
H 8 66~
¥ § y|WM2 | Waterbound macadem ”k’ﬁvn 7Sman; P of {ires % 88% of opporent
v 9 PM Peneirotion macodam Coersa stona 4 heystona ¢ bltumen or for
v v v| DR Dumprock Ungraded weste rock; Mox. l‘l‘%— layer thickness
® @ s-2 interfocking peving Geometrical interlock on all veriical faces (possibie to toy i
blocks {1ype S- A& ) | herringbone bond). Wet crushing strength & 25 #Pa
& @ $-8 inferlocking poving Geometricol Infarlock on some vecticol faces {not possible
blocks (type S-8} to lay in harnngbone band) Wet crushing strangth £ 253
N = Non-interiocking paving No geometrical interlock. Wat crushing strengih, average
N §-C giR, G
& blocks {typa 8 -C) ¥ 25 MPao,singie units € 20 MPa
gm SN0 Bedding dond For use with concrete , eloy or other bloaks

FIGURE 6
Definition of material symbols used in catalogue of designs
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mix will have a higher /stability and lower fatigue life than a semi-gap-graded BS
material. Tar hot mixes (TC, TS) will normally have lower fatigue lives than the
equivalent bitumen hot mixes. Usually the stability of a tar mix is the same as or
higher than that of the equivalent bitumen mix.

5.2.3 Portland cement concrete (PCC)
Concrete is an elastic, brittle material possessing tensile strength and it may
crack under excessive repeated flexure. In this document only one concrete

strength is considered.

524  Cemented materials (C1 to C4)

As concrete, cemented materials are elastic, possess tensile strength and may
crack under repeated flexure. These materials also crack because of shrinkage
and drying. By the application of an upper limit to the strength specification,
wide shrinkage cracks can be avoided. Because of the excessive shrinkage
cracking of C1 materiais, they are not generally used. A C2 material will be used
when a non-pumping erosion-resistant layer is required (as for a concrete
pavement).

C3 and C4 materials can be used as replacements for granular layers in bases
and subbases. They can be either cement-treated or lime-treated, depending on
the properties of the natural materials.

5.2.5  Surfacings (AG to AO; S1 to S8)
The surfacings cover the range from high-quality asphalt surfacings to surface
treatments and surface maintenance measures such as rejuvenators and diluted

emulsion treatments.

5.2.6 Macadams (WM to PM)

These are traditional, high-quality, but also labour-intensive, pavement materials
which can be used in the place of G1 to G4 materials. However, specific
knowledge of construction techniques is required. These materials are less
water-susceptible than the usual granular materials and usmg them should be

considered, especially in wet regions.

5.2.7  Paving blocks (S-A, S-B)

The use of interlocking concrete paving blocks (S - A) is limited to low-speed
(<50 km/h) roads or terminal areas. Blocks with good interlocking shapes
should be used.

The use of clay bricks as paving blocks (S - B) should be limited to Category UC
and UD roads. The performance of clay bricks is expected to be poorer than
that of concrete paving blocks.

Structural design of urban roads
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5.3 AVAILABILITY, EXPERIENCE AND CURRENT UNIT COSTS
The designer should complete the check-list in Figure 7 in order to ensure that:

e the type of material is currently available, and
@ a survey of recent unit costs of the materials has been carried out.

Past experience with a particular material as well as the relevant traffic and
environmental factors should be taken into consideration.

SYMBOL|CODE MATERIAL AVAILABILITY UNIT COST
LR ¥ Graded crushed slone

7V
vv vvv 62 Grodnd crushad ona

vV ¢ vl G63 Groded crushed stona

Oo O' G4 Naturol gravel
o [X-} Naturel gravel
° 0
D a6 Natural grovel
T ot~
0 OO [} G vel - podl
OO o] GO Gravel -sod
O [} Gravei - soll
r3 L
(O 0 4| aw | sravei-soit

[-19 Bsuman hot - wux
8s Bitumen Red - mix
TC Tar het - min

s Tar hot - mua

/m PCC | Partiand cemont soncrale

Ct Cemanied ¢rushed stone w grovel

Comantaod svuehad stong 67 growel

Comentod natural gravel

Cemantod saluval aravael

AG Aophalt surfocmy
AC Asphall suricemyg
AS Asphal? purfaciog

AQ Asphalt suf focny

— s Surtace treatmant

I 52 Surtace irgatmens

—_— $3 Sand sgol

_— $4 | Cape seal
——— $% Shurry
— X Siurry

R $7 Surfoce renswal

——— S8 Surfoce renswal

T ¥ V| wM | woterbound mocodem

v 9 9| PM™ Panretrotich mocodom

& & CBY | Concraoie pavinyg biochs

2 &) ce2 | Cloy bricks

g
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6 ENVIRONMENT

6.1 GENERAL

The environment is characterized by topography, the climatic conditions
{moisture and temperature) under which the road will function, and the
underlying subgrade conditions. Environmental factors must be taken into
account in the design of pavement structures.

5.2 TOPOGRAPHY

Topography is dealt with in an UTG document in preparation (Urban Stormwater
Management). The importance of its influence on the structural design and
functional use of roads is clearly reflected in the drainage and maintenance
requirements of roads in general. Macrodrainage is relevant to this discussion.
in rolling or mountainous terrains there may be steep gradients which result in
the erosion of gravel roads and in particular erosion of their drainage facilities,
with direct implications for their satety and functional use. Roads that cross
contours at an angle, or even perpendicularly, pose the most drainage
oroblems. In such cases functional rather than structural requiremenis may
require that a road be paved or provided with erosion protection. It is therefore
important that requirements on Layout Planning and on the Stormwater
Management be met before one embarks on the structural design.

6.3 CLIMATIC REGIONS AND THE DESIGN OF PAVEMENTS

The climate will largely determine the weathering of natural rocks, the durability
of weathered, natural road building materials and also, depending on drainage
conditions, the stability of untreated materials in the pavement. The climate may
also influence the equilibrium moisture content. The designer should always
consider climatic conditions and avoid using materials that are excessively.
water-susceptible or temperature-sensitive in adverse conditions. It is also
possible to accommodate climatic conditions by either adjusting CBR values or
by weighting the equivalent traffic (not both). ~

Southern Africa can be divided into three climatic regions:
» a large dry region;

® a moderate region, and
¢ a small wet region.

Figure 8 shows a map of southern Africa which indicates the different climatic
regions. These are macroclimates and it should be kept in mind that different
microclimates may occur within these regions.

6.4 CLIMATE AND SUBGRADE CBR

The design parameter for the subgrade is the soaked California Bearing Ratio
(UBR) at a representative density. For structural design purposes, when a

Structural design of urban roads .
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materis E Q&"\f fied according to the CBR it is implied that not more than 10 f‘%f’a
of the meas maj values for such a material wziE mii below the classification vah
A proper ;3% inary soil survey should be conducted.

it is current practice to use soaked CBR values, but using them in dry regions
may be over-conservative4. It is suggested that the CBR value of a material be
ncreased if the in situ conditions are expected to be unsoaked (eg in dry
regions) 1,

,.,,.

The dynamic cone penetrometerd (DCP) can be used to determine the in situ
CBR and variations in in situ strengths4. The in situ CBRs d@’{@rmm@d by means

of the DCP can be calibrated by doing laboratory soaked CBRs. If material
parameters such as grading modulus (GM), plastic limit (PL) and dry d@mﬁy (DD)
are included in the analysis, typical relations can be used o derive CBR
values 19, The relevant equation is:

loge = 1,1 {loge DCF) + 0,85 (GM) — 0,031 (PL) - 0,001 DD) + 7,4
where logg is the natural logarithm.

ror the material types under consideration, the CBR is determined at 2,54 mm
depth of penetration with DCP penetration mm per blow.

6.5 MATERIAL DEPTH
The term “material depth” is used 1o denote the depth below the finished level of
the road to which soil characteristics have a Sagnma"zi effect on pavement
benhaviour. Below this depth the strength and density of the soils are assumed to
have a negligible effect on the pavement. The depth ap@r wmt@ the cover for
a soil s:)f 1-2 % CBR. However, in certain special cases this depth may b
insufficient. These cases are listed in subsection 8.3.

&

o

Table 9 specifies the material depth used for determining the design CER of the
subgrade for different road categories.

ELINEATION OF SUBGRADE AREAS

Any road development should be subdivided into significant subgrade areas.

J“wwﬁw if the delineation is too fine it could lead to confusion during
nstruction. The preliminary soil survey should delineate subgrade design units

“f basis of ge f}%@f‘ay pedology, %’:@@ﬂgra;ﬁhy and draina «g}e conditions — or

major soil boundaries — on site so that it is appropriate 1o define a design CB
for each unit.

& »]

%LJ

oy

5y

gfur should distinguish between very localized good or poor soils and

subgrade areas. Localized soils should be treated separately from
rest f::af the r}ave*v‘e@m factors. Normally, localized poor soils will be removed

D
=
’2’

slaced by suitable material,

6.7 DESIGN CBR OF SUBGRADE
For cons istruction purposes the design subgrade CBR is limited to five groups, as
shown in Table 10.
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TABLE 9

Material depths to be used for determining
the design CBR of the subgrade

Road category - Material depth
(mm)
UA 1000
uB 800
ucC 600
ub 400
TABLE 10
Subgrade CBR groups used for structural des ign
Subgrade CBR (%)
< 3
3to7
71015
151025
> 25

* Special treatment required
** Use top 150 mm as subbase or base material, compacted to the correct mtardam“‘ 0,
The normal TRH14 requirements should be met.

The CBR is normally determined after samples have been soaked for four days
and may be adjusted according to Subsection 6.4. Special measures are
necessary if a material with a CBR less than 3 is encountered within the material
depth. These measures include stabilization (chemical or mechanical),
modification (chemical), and the removal or addition of exira cover. After the
material has been treated, it will be classified under one of the remain mg three
subgrade groups.

6.8 -~ DESIGN CBR ON FILL

When the road is on fill, the designer must avail himself of the best information
available on the local materials that are likely to be used. The material should be
controlled to at least the material depth. TRH99 should be consulied when a
material with a CBR of less than 3 is used in the fill.

6.9 DESIGN CBR IN CUT
The design CBR of the subgrade in a cut should be the lowest CBR
encountered within the material depth.

: Structural design of urban roads
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7 STRUCTURAL DESIGN AND PAVEMENT TYPE
SELECTION

7.1 GENERAL

The designer may use a number of design procedures, such as the mechanistic
design method®, the AASHTO structural number method?4, the CBR cover
curves12 or the catalogue of designs given at the back of this document.
Whatever the method used, factors such as road category, design strategy,
traffic, available materials and environment must be taken into account. Some
estimation of future maintenance measures is necessary before a comparison of
different structures can be made on the basis of present worth of costs. Special
construction considerations that might influence either the pavement structure
or the pavement costs are discussed in Section 8.

This document is based on the use of a catalogue of designs. However, the best
results will probably be obtained if the catalogue is used together with some
other design method.

7.2 BEHAVIOUR OF DIFFERENT PAVEMENT TYPES

The behaviour of a pavement and the type of distress that will become the most
critical vary with the type of pavement. There are five major pavement types,
namely granular, bituminous, concrete and cemented-base pavements and
pavements with paving blocks. The behaviour of these different pavement types
will determine the type of maintenance normally required (Subsection 9.5) and
may also influence the selection of the pavement type. A brief description of the
typical behaviour of each pavement type is given below.

7.2.1 Untreated granular-base pavements

This type of pavement comprises a thin bituminous surfacing, a base of
untreated gravel or crushed stone, a granular or cemented subbase and a
subgrade of various soils or gravels. The mode of distress in a pavement with an
untreated subbase is usually deformation arising from shear or densification in
the untreated materials. The deformation may manifest itself as rutting or as
longitudinal roughness. This is illustrated in Figure 9(a).

In pavements with cemented subbases, the subbase improves the load carrying
capacity of the pavement, but at some stage the subbase will crack under
traffic. The cracking may propagate until the layer eventually exhibits properties
similar to those of a natural granular material. It is unlikely that cracking will
reflect to the surface, and there is likely to be little rutting or longitudinal
deformation until after the subbase has cracked extensively. However, if the
subbase exhibits large shrinkage or thermal cracks, they may reflect to the
surface.

Recent work has shown that the post-cracked phase of a cement-treated
subbase under granular and bituminous bases adds substantially to the useful
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~life of the pavement. Deflection measurements at various depths within the
pavement have indicated that the initial effective modulus of this material is high
— 3000 to 5000 MPa — as shown in Figure 9(c).

This relatively rigid subbase generally fatigues under traffic, or in some cases
even under construction traffic, and assumes a lower effective modulus (500 to
1000 MPa). This change in modulus does not normally result in a marked
increase in deformation, but the resilient deflection and radius of curvature do
change, as shown in Figure 9(d).

In the mechanistic design® these phases have been termed the pre-cracked and
post-cracked phases. The design accommodates the changes in modulus of the
subbase, and although the safety factor in the base will be reduced, it will still be
well within acceptable limits.

The eventual modulus of the cemented subbases will depend on the quality of
the material originally stabilized, the cementing agent, the effectiveness of the
mixing process, the absolute density achieved and the degree of cracking. The
ingress of moisture can affect the modulus in the post-cracked phase
significantly. In some cases the layer may behave like a good-quality granular
material with a modulus of 200 to 500 MPa, whereas in other cases the moduius
will be between 50 and 200 MPa. This change is shown diagrammatically in
Figure 9(c).

The result is that the modulus of the cemented subbase assumes very low
values and this causes fatigue and high shear stresses in the base. Generally,
surface cracking will occur, and with the ingress of water, there may be pumping
from the subbase.

For high-quality, heavily trafficked pavements it is nécessary to avoid materials
that will eventually deteriorate to a very low modulus. Many of these lower-class
materials have, however, proved to be adequate for lower classes of traffic.

The surfacing may also crack owing to ageing of the binder or to load-
associated fatigue cracking. Granular materials are often susceptible to water
and excessive deformation may occur when water ingresses through the surface
cracks. The water-susceptibility depends on factors such as grading, the Pl of
the fines, and density. Waterbound macadams are less susceptible to water
than crushed-stone bases and are therefore preferred in wet regions.

7.2.2 Bituminous-base pavements

These pavements have a b|tummous base layer of more than 80 mm thick. They
can be subdivided into two major groups, namely bitumen- and tar-base
pavements.

(@) Bitumen-base pavements
In bitumen-base pavements both deformation and fatigue cracking are
possible. Two types of subbase are recommended, namely either an
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untreated granular subbase or a weakly stabilized cemented subbase
Rutting may originate in either the bituminous or the untreated layers, or in
both. This is illustrated in Figure 9(b). If the subbase is cemented there is a
probability that shrinkage or thermal cracking will reflect to the surfacing,
especially if the bituminous layer is less than 150 mm thick or if the subbase
is excessively stabilized. Maintenance usually consists of a surface
treatment to provide better skid resistance and to seal small cracks, an

~ asphalt overlay in cases where riding quality needs to be restored and when
it is necessary to prolong the fatigue life of the base, or recycling of the
base when further overlays are no longer adequate.

(by Tar- base pavements
The fatigue life of a tar premix is well below that of most brtum:mus
materials. Only weakly cemented subbases are used. The main distress
appears to be cracking of the cemented subbase, followed by fatigue
cracking of the tar base.

Maintenance for tar bases is the same as for bituminous bases.

7.2.3 Concrete pavements

In concrete pavements, most of the traffic loading is carried by the concrete slab
and little stress is transferred to the subgrade. The cemented subbase provides
a uniform foundation and limits pumping of subbase and subgrade fines.
Through the use of tied shouiders, most of the distress stemming from the edge
of the pavement can be eliminated and the slab thickness can also be reduced.
Distress of the pavement usually appears first as spalling near the joints, and
may then progress to cracking in the wheel paths. Once distress becomes
evident, deterioration is usually rapid. See Figure 9(e).

Maintenance consists of patching, joint repair, crack repair, under-sealing,
grinding, or thin concrete or bituminous overlays. In cases of severe distress,
thick concrete, bituminous or granular overlays will be used, or the concreﬁw
may be recycled.

7.24  Cemented-base pavements |

In these pavements, most of the traffic stresses are absorbed by the cemented
layers and a little by the subgrade. It is likely that some block cracking will be
evident very early in the life of cemented bases; this is caused by the
mechanism of drying shrinkage and by thermal stresses in the cemented layers.
Traffic-induced cracking will cause the blocks to break up into smaller ones.
These cracks propagate through the surface. The ingress of water through the
surface cracks may cause the blocks to rock under traffic resulting in the
pumping of fines from the lower layers. Rutting or roughness will generally be
low up to this stage but is likely to accelerate as the extent of the cracking
increases. See Figure 9(d). |
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Pavements consisting of cemented bases on granular subbases are very
sensitive to overloading and to ingress of moisture through the cracks. When
both the base and the subbase are cemented, the pavement will be less
sensitive to overloading and moisture. The latter type of pavement is generally
used.

The initial cracks may be rehabilitated by sealing. Once traffic-load-associated
cracking has become extensive, rehabilitation involves either the reprocessing of.
the base or the application of a substantial bituminous or granular overlay.

7.2.5  Paving blocks ;

Many types of interlocking and non-interlocking segmental blocks are used in a
wide variety of applications which range from footpaths and driveways to heavily
loaded industrial stacking and servicing yards. The use of segmental block
pavements is a recent phenomenon in South Africa. The popularity of these
blocks is increasing due to a number of factors: '

e the blocks are manufactured from local materials; ,

e they can either provide a labour-intensive operation or can be manufactured
and laid by machine;

e they are aesthetically acceptable in a wide range of applications, and

- e they are versatile as they have some of the advantages of both flexible and

concrete pavements. :

In current practice a small plate vibrator is used to bed the blocks into a sand
bedding of approximately 20 mm and to compact jointing sand between
individual blocks. The selection of the right type of sand for these purposes is
important since a non-plastic material serves best as bedding while some
plastic content is required to fill the joints.

Properly laid block pavements are adequately waterproof and ingress of large
guantities of water into the foundations does not occur. The procedures for-the -
structural design of segmental block pavements are presented in UTG2
Structural design of segmental block pavements in southern Africal3 and are
applicable to both industrial and road uses.

Segmental blocks are manufactured with vertically square side faces. Those that

interlock are shaped so as to allow them to fit “jigsaw” fashion into a paved
area. They can be made of pressed concrete, fired-clay brick or any other

material. The current recommended minimum strength for structural use is given

as a wet compressive strength of not less than 25 MPa.

Block pavements require the paved area to be “contained” either by kerbs or by
other means of stopping lateral spread of the block. This is a requirement for
both interlocking and non-interlocking shapes. Lateral movements are induced
by trafficking and these movements cause breaks in the jointing sand. The
associated opening-up of the block pavement makes it more susceptible to the
ingress of surface water. In heavily loaded areas interlocking shapes have
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“advantages over non-interlocking shapes, especially if vehicles with a slewing

action are involved.

Experience has shown that joints should be 2 t0 5 mm wide. Geometric design
should follow practices for other pave ments. Variable road widths, cures and
junctions do not present problems in practice, since the blocks are small and
-can easiiy be cut and placed to suit the geometry of the pawm@rﬁ in practice
the minimum © S:‘:ﬁ«é“ai for block pavemenis should be one per cent. For wide
areas of mdue:» al paving, special care maum be taken to ensure that ?:% Cross-
fall of the Suﬁa&, e is adequate. Cambered cross-sections are also satisfactory.

Edge restraint is required along the edges of a block pavement 1o prevent the
outward migration of blocks, which would result in the opening of joints and loss

of bond between the blocks. Edge restraint can be gﬁ}@"ovéded by means of
conventional kerbing. The joints fa’:»@twaf:@ﬂ ?%*e blocks seal better with time due to
the action of weathering and the addition of road detritus 1o the joints, thereby
improving the total strength of the bﬁmck pav@r" ent. One per cent falls (minimum)
to the surface of block pavements allow water to drain across the pavement,

reducing ingress by absorption through the joints, and elimindte ponding. The

joints between the blocks on steep gradienis may form the drainage paths for
rainwater. In such cases the pattern of the blocks is an important consideration,

Experience has shown that a herringbone pattern is best for use on sk
gradients and for industrial paving

1t

An advantage of the blocks is that they can be re-used. They can be lifted
repairs have to be carried oul to failed z:zmu;a of & sm or if services have to b

4=
©

3

installed and can be relaid
segmental block pavements i
disadvantages.

s re-use O

Little maintenance work is normally reguired with segmental block paving.
Maintenance involves the ‘%.ms.afzzfﬂ@m of wee % m the correcting of levels
surfacing if the initial constructio The correction of surface
levels is done by removing the area of blocks afl I, levelling the subbase,

1.

compacting the subbase (often with hand harmmers) and replacing the blocks.

Segmental mw r‘w provides an exciting addition to the pavement construction
methods possible in southern Africa,

7.26  Gravel roads

The two m@%i con m“*@m causes of poor per
slipperiness anc i, and exces ng wher
dry. The fmm&‘*’ ion @f cO gmga;s ons is normally the Ewuﬁg «*‘ﬂ: fa&fmu@w
compaction or low plasticity combined with traffic, %mu@rﬁ maintenance {eg
grading, watering and the addition of materi herefore ﬁ@ﬁ@é@%?’yﬂ

&
S
songs
il
i
£D
’"2
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There is no design method available to predict the exact condition of a length of
road 10 to 20 years in the future. However, as shown in the previous paragraph,
certain kinds of distress can be expected in certain pavement types and
ascoount must be taken of such distress. Table 11 shows acceptable terminal
conditions of rut depth and cracking for the various road categories and
pavernent types. Figure 10 demonstrates that the rut depth values in Table 11
actually represent ranges of failure conditions.

7.3 POSSIBLE CONDITION AT END OF STRUCTURAL DESIGN PERIOD

TABLE 11
Possible condition at end of structural design period for various road categories
and pavement types
Fossible condition at end of Road category
structural design period
UA uB uc uD
Rut depth (mm) 20 20 20 20
Length of road exceeding stated
rut depth (%) (refer to Figure 10) 10 15 25 40
Type of cracking:
Granular base Crocodile cracking, surface loss,
' pumping of fines
Bituminous base Crocodile cracking, pumping
Concrete pavement Slab cracking, spalling at joints,
: pumping of fines -
Cemented base | ~ Block cracking, rocking blocks,
' pumping of fines
Length of road on which stated
types of cracking occur (%) 10 15 25 40

7.4 SELECTION OF PAVEMENT TYPES FOR DIFFERENT ROAD
CATEGORIES, TRAFFIC CLASSES AND CLIMATIC REGIONS

The behaviour of different pavement types is dealt with in Subsection 7.2.
Certain pavement types may not be suitable for some road categories, traffic
classes or climatic regions. Pavement structures with thin, rigid or stiff layers at
the top (shallow structures) are generally more sensitive to overloading than
deep structures. If many overloaded vehicles can be expected, shallow
structures should be avoided.
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Ranges of terminal rut depth conditions for different road categories

Figure 9 indicates that the more rigid structures deteriorate rapidly once distress
is shown, whereas the more flexible pavements generally deteriorate more
slowly. Signs of distress are often more visible on rigid pavements.

Pavement structures consisting of water-susceptible materials may be
undesirable for wet climatic regions, unless special provision is made for
drainage.

Table 12 shows recommended pavement types (base and subbase) for different
road categories and traffic classes. Reasons why certain pavement types are
not recommended are also stated briefly.

7.5 THE CATALOGUE DESIGN METHOD

7.5.1 Introduction to the catalogue

Before the catalogue is used, all the factors noted in Sections 2 to 6 should be
considered. By determining the road category, design strategy, design
equivalent traffic, availability of materials and the pavement type, the designer
can choose a pavement structure. It should be noted that these designs are
considered adequate to carry the total design equivalent traffic over the
structural design period. Construction constraints on practical layer thicknesses
and increments in thicknesses are met. It is assumed that the requirements of
the material standards are met. The catalogue may not be applicable when
special conditions arise; other methods should then be used, but the catalogue
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TABLE 12
Suggested pavement types for different road categories and traffic classes

Pavement types Road category and traffic class Abbreviated reasons why
listed pavement types are
Base Subbase UA uB uc UD notrecommended for the
given road category and
E4 E3 E2 E2 E1 EO EO ER — trafficclass
Granular Granular X X V-V Vv Vv VvV V V Uncerain behaviour
‘ Cemented V- V V V V V V V V —
Bitumen Granular v Vv V V. V X X X X Tooexpensive
Cemented vV v Vv vV VvV X X X X Tooexpensive
Tar Granular X X X X X X X X X Fatigue life of tar premix too
low, 100 expensive
Cemented X VvV V. Vv VvV X X X X ' E4: Uncertain behaviour,

EO, ER too expensive
Concrete Granular X X X X X X X X X Extrathickness required to

prevent fatigue cracking,

pumping and faulting

Cemented vV VoV VX X VY V¥ X Tooexpensive, too difficult
to trench
Cemented  Granular X X X X X v Vv V V Fatigue cracking, pumping
and rocking blocks
Cemented X X v Vv Vv Vv VvV V V Shrinkage cracks
unacceptable
Paving Granular X X X v v v Vv Vv Vv }Not recommended at high
blocks Cemented X X Vv v VvV V V V V |speeds

v/ = Recommended
x = Not recommended
- Not recommended for wet regions without special provision for drainage

v Only for steep gradients

can still act as a guide. The catalogue does not necessarily exclude other
possible pavement structures.

7.5.2  Selected layers

The catalogue assumes that all subgrades are brought to equal support
standards. Section 6 limits the design CBR of the subgrade to five groups (Table
10). Normally, the in situ subgrade soil will be prepared or ripped and
recompacted to a depth of 150 mm. On top of this prepared layer, one or two
selected layers will be added. The required selected subgrade layers will vary
according to the design CBR of the subgrade. Table 13 shows the preparation
of the subgrade and required selected layers for the different subgrade design
CBRs.

7.5.3 Interpolation between traffic classes

The pavement structures in the catalogue are considered adequate to carry the
total design traffic according to the upper value of the traffic classes defined in
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Preparation of subgrade and required selected layers for the different subgrade
design CBRs”

Design CBR << 3 37 [~ 15 15-25 = 2k

of subgrade

Add selected  Not

layers: applicable

Upper 150 mm G7 150 mm G7 - -

Lower 150 mm G9 - -

Treatment of  Special Rip and Rip and Rip and Use as

in situ freatment  recompact recompact recompact subbase

subgrade - required w0150 mm 1o 150 mm to 150 mm or base

' G10 GY G7 layer™

Not applicable to Cat J%Z‘B roads: for these use r*mh; one selected layer (G7) if

required.
* Compacted to the appropriate density (refer {o Table 10).

may be gw”afﬁae:,,wd wai& more
Insuch at

s ihe

® availabil

& road category;
® f;@%i@w trafiic class;

e environment (eg moisture, temperature and ultraviolet radiation);
e pavement type;
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g movements, intersections, braking movements, and

:@@j

talogue specifies the surfacing type, but allows a choice of s
the lower categories of road. The controlling authority. should select a QH?ACF(J
from the catalogue that will give satisfactory perforrmance.

i W;zi erbound macadam is used in the base in the place of a G1 1o G4
ial, the thin surfacings will be inadeguate o mmv’d& ¢ m acceptable riding
In such cases, thicknesses of up to 50 mm of asphalt premix may be

7.6 GRAVEL ROADS

General :
paved roads may still be used under certain conditions. A brief
on of design factors will follow. E\im‘maié v, ﬂ,sasgwwwzi roads could be
d for use as Category UC or UD roads, although there may be special

ed for
cases where they can be regarded as Category UE ro %

A gravel road may be regarded as a long-term facility or as an in

|
towards a paved mad This will influence the level of the surface with rega
stormwater facilitie

subgrade level,
’fﬁ llows from ?undamental streng’rh requi r@mem“ *‘f;r fﬁ
later changes from gravel to paved roads.

7.6.3  Design of gravel wearing course

'

The standards for gravel wearing courses are laid down in TRH1410. The quality

and thickness of the wearing course may alsc depend on the d@@égﬂ ag:»g:ssr@af;:&

(a) The @Vawgé road may be regarded as a long-term facility, in which case the
most suitable wearing course will be selected for the ﬂmvcz iling conditions
(climate, material availability and traffic). On more heavily trafficked ro ﬁa
the gravel wearing course should be used as a future subbase. On an

access or residential roads it would constiiute the future basecourse.

{b) The gravel wearing course may be regarded as an interim riding surface

which will be overlaid or removed when the road is paved. If the gravel
wearing course is going to be overlaid later, the v d%t’ al should mmpév with

the subbase standards applicable to the future pavement. If the wearing
course is to be removed later, (;f:aﬁ@%derm’or @h@a ld be w'vr&*ﬁ m the
inclusion of a proper subbase during construction, should such a subbase

be necessary later.

Structural design of urban roads
UTG3, Pretoria, South Africa 1988 37



(c) The gravel wearing course may be regarded as the base layer of the future
paved road. This will normally be possible only for some Category UC or
UD roads, but then special restrictions should be placed on the plasticity
index of the fines.

The thickness of the gravel wearing course will depend on the road category
and on the design approach chosen. Passability during the wet season is the
best criterion to use in the design of a gravel road. It is best determined by the
soaked laboratory CBR of the surfacing gravel material. Figure 11 gives a
proposed limit related to the ADT14.

When a gravel wearing course has to be provided the existing subgrade cannot
support the traffic loads adequately under all climatic conditions. Therefore the
gravel wearing course serves as protection to the subgrade. The thickness
requirement for the gravel wearing course can be determined from empirical
models. Figure 12 shows a model which gives the minimum cover thickness for
adequate protection of the subgrade4. When gravelling, the thickness of gravel
should be the minimum cover thickness plus provision for gravel loss until the
road has been regravelled (usually for a six-year life). In Table 14 the thickness
requirement is also given in general relation to the road category. A distinction is
made in each of these functional classes between a long-term facility and an
interim facility involving upgrading possibilities. These values have been
selected to provide an adequate pavement, considering that some form of
surface maintenance is usually applied and ruts as large as 75 mm are normaily
not tolerated in practice.

TABLE 14

Design thickness of gravel wearing course for different road categories
Road uB* uc ub
category
Design Long-term Interim | Long-term Interim | Long-term Interim
approach | facility facility | facility facility | facility facility
Thickness | 200 150 150 100 125 100
of wearing
course”
(mm)

* The quality of the wearing course may change depending on the climate, material
availability and the design approach.
** Design traffic class >ET1.
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8
8.1 DRAINAGE

Experience has shown that inadequate drainage is probably responsible for
more pavement distress in southern Africa than inadequate structural or material
design. Effective drainage is essential for good pavement performance, and it is
assumed in the structural design procedure.

Drainage design is an extensive subject and both the discharge of surface run--
off and the control of subsurface water have to be considered16.17*. Here the
basic philosophy is to prove effective drainage to at least material depth so that
the pavement structure does not become saturated.

8.2 COMPACTION

The design procedures assume that the specified material properties are met in
the field.

TABLE 15

Compaction requirements for the construction of pavement layers”®
(and reinstatement of pavement layers)

Pavement layer - Compacted density
Surfacing Bituminous 95 % 75-blow Marshall
Base (upper and lower)  Crushed stone G186 % to 88 %
' apparent density
G2 100 % to 102 %
| Mod: AASHTO
Crushed stone G3 and
gravel G4 98 % Mod AASHTO
Bituminous 95 % 75-blow Marshall
92 % theoretical max
Cemented 97 % Mod AASHTO
Subbase (upper and
lower) 95 % Mod AASHTO
Selected subgrade 93 % Mod AASHTO
Subgrade (within 200 mm
of selected subgrade) 90 % Mod AASHTO
{(within material depth) 85 % Mod AASHTO
Fill 90 % Mod AASHTO
(cohesionless sand) (100 % Mod AASHTQO)

* Refer to TRH1410
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Table 15 gives the minimum compaction standards required for the various
layers of the pavement structure. Note that below base level the standards are
independent of the type of material used. :

8.3 SUBGRADE BELOW MATERIAL DEPTH™

Special subgrade problems may arise that require individual treatment. The
design procedure assumes that these have been taken into account separately.
The main problems that have to be considered are:

e the extreme changes in volume that occur in some soils as a result of
moisture changes, eg in expansive soils and soils with collapsible structures;

» flaws in structural support, eg sinkholes, mining subsidence and slope
instability;

@ the non-uniform support that results from wide variations in soil types or
states;

o the presence of soluble salts which, under favourable conditions, may migrate
upwards and cause cracking, blistering or loss of bond of the surfacing,
disintegration of cemented bases and loss of density of untreated bases, and

e the excessive deflection and rebound of highly resilient soils during and after
the passage of a load, eg in ash, micaceous and diatomaceous soils.

The techniques available for terrain evaluation and soil mapping are given in
TRH28. The design of embankments should be done in accordance with
TRH109.

8.4 ROAD LEVELS

The fact that the provision of vehicular access to adjoining roads, dwellings and
commercial establishments is the primary function of an urban road, means that
road levels become a rather more important factor in urban areas than they are
in rural or interurban road design. Urban road levels place some restrictions on
rehabilitation and create special moisture/drainage conditions.

in some cases, rehabilitation in the form of an overlay may cause a problem,
particularly with respect to the level of kerbs and channels, camber and
overhead clearances. In these cases sitrong consideration should be given to
bottom-heavy designs, ie designs with a cemented subbase and possibly a
cemented base, which would mainly require the same maintenance as thin
surfacings and little structural maintenance during the analysis period.

Urban roads are frequently used as drainage channels for surface water run-off.
This is in sharp contrast with interurban and rural roads which are usually raised
to shed the water to side table drains some distance from the road shouider.

* UTG document in preparation (Urban Stormwater Management)
* Referto 5.4 ’

Structural design of urban roads
42 , UTG3, Pretoria, South Africa 1988



8.5 SERVICE TRENCHES

Trenches excavated in the pavement to provide essential services (electricity,
water, telephone, etc) are frequently a source of weakness. This is as a result of
either inadequate compaction or saturation of the backfill material.

Compaction must achieve at least the minimum densities specified in the
catalogue of designs and material standards (Table 15). These densities are
readily achieved when granular materials are used, but it become much more
difficult when natural materials are used, particularly in the case of excavated
clays. When dealing with clay subgrades it is recommended that if it is
economically feasible, a moderate-quality granular material be used as a trench
backfill in preference to the excavated clay. In roads of Category UB and higher
it is preferable to stabilize all the backfill material and in lower categories the
provision of a stabilized “cap” over the backfill may be considered to eliminate
settlement as far as possible. ‘

Service trenches can also be the focal points of drainage problems. Settlement
in the trench, giving rise to standing water and possibly to cracking of the
surface, will permit the ingress of moisture. Fractured water, sewerage or
stormwater pipes lead to saturation in the subgrade and possibly in the
pavement layers as well.

Aiternatively, a trench backfilled with granular material may even act as a
subsurface drain, but then provision for discharge must be made.

8.6 PAVEMENT CROSS-SECTION

Generally it is preferable to keep the design of the whole carriageway the same
with no change in layer thickness across the road. However, where there are
significant differences in the traffic carried by individual lanes, eg in climbing
lanes, the pavement structure may be varied over the cross-section of the
carriageway, provided that this is economical and practical. Under these
circumstances, the actual traffic predicted for each lane should be used in
determining the design traffic.

The cross-section can be varied by means of steps in the layer thickness. Under
no circumstances should the steps be located in such a way that water can be
trapped in them. A typical pavement cross-section for a paved urban road is
shown in Figure 14.

8.7 CONSIDERATIONS FOR CONCRETE PAVEMENTS

Construction details!1 are beyond the scope of this document. However, the
following are some basic practical recommendations:

(@) The subgrade should be prepared to provide a uniform support.
(b) The subbase should be stabilised to a high quality to provide a non-
pumping, erosion-resistant, homogeneous pavement support.
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{c) When jointed concrete pavements are used, attention should be given to
the detail of the spacing, type of joint and joint sealing of such jcints.

8.8 KERBS AND CHANNELS

Kerbs and channels are important to prevent edge erosion and to confine
stormwater to the road surface.

Consideration should be given to the type and method of construction of kerbs
when deciding on a layer thickness for the base.

It is common practice to construct kerbs upon the (upper) subbase layer to
provide edge restraint for a granular base. This restraint is beneficial for
achievement of specified density and strength.

In the case of kerbing with as-fixed size (ie precast kerbing or kerbing with fixed
shutters cast in situ) it may be advantageous to determine the base thickness
from the kerb size, =g if the design calls for a 30 mm AG underlfain by a 125 mm
- G4, and the gutter face is 160 mm, use a 130 mm G4.

8.9 EDGING

Instead of kerbs, edging could be used for certain low-traffic roads when the
shoulder or sidewalk soil is of adequate stability. The shoulder should be shaped
to the correct level and the edge may be sealed by a prime coat, a sand seal, a
slurry seal or a premix. A degree of saving may be possible by utilizing trimmed
grass verges where longitudinal gradients are slight and stormwater flows are
low. \

8.10 ACCESSIBILITY

Access to dwelling units should be provided in such a way as to provide
adequate sight distances and a smooth entry, but the access ways should at the
same time keep stormwater on the road from running into adjacent properties.

At pedestrian crossings special sloped openings in the kerbs should be made
provision for toc accommodate the handicapped and hand-pushed carts.
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g COST ANALY SIS
9.1 GENERAL.
Alternative pavement designs should be compared on the basis of cost. The
cost analysis should be regarded as an aid to @ecagammm% ing. However, a cost
@*’v@?ymﬂ does not necessarily include all the factors n@fza%am 1o take a decision

and it should therefore not override all other considerations. The main economic
tactors that determine the cost Qf a facg!ﬁy are the analysis p@nﬂ:}d the structural
design period, the construction cost, the maintenance cost, the salvage value at

the end of the analysis period and ‘th@' real discount rate,

Structural design of urban roads
A UTG3E, Pretoria, South Africa 1988

-
e



A complete cost analysis shouid be done for Category UA and UB roads. For
Category UC and UD roads, only a comparison of the construction costs will
normally suffice.

The method of cost analysis put forward in this document should only be used
to compare pavement structures in the same road category. This is because
roads in different categories are constructed to different standards and are
expected to perform differently with different terminal levels. The effect these
differences have on road user costs is not taken into account directly.

The choice of analysis period and structural design period will influence the cost
of a road, but in Section 3 it was shown that the final decision is not necessarily
based purely on economics.

The construction cost should be estimated from current contract rates for similar
projects. Maintenance costs should include the cost of maintaining adeguate
surfacing integrity (eg through resealing} and the cost of structural maintenance
(eg the cost of an asphalt overlay). The salvage value of the pavement at the end
of the analysis period can make a contribution towards the next pavement.
However, geometric factors such as minor improvements to the vertical and
horizontal alignment and possible relocation of drainage facilities make the
estimation of the salvage value very difficult.

9.2 PRESENT WORTH

The total cost of a project over its life is the construction cost plus maintenance
costs, minus the salvage value. The total cost can be expressed in a number of
different ways but for the purpose of this document, the present worth of costs
(PWOC) approach has been adopted.

The present worth of costs can be calculated as follows:
PWOC=C+M1(1+nN" X1+ MO+n7X+...-50+ S 9.1

where PWOC = present worth of costs
C = present cost of initial construction
M;j = cost of the jth maintenance measure expressed in terms of
current costs
r = real discount rate
xj = number of years from the present to the ith maintenanc
" measure, within the analysis period
z = analysis period
S = salvage value of pavement at the end of the analysis period
expressed in terms of the present vaiue.

D

if the difference in present worth of costs between two designs is 10 % or less,
it is assumed to be insignificant, and the present worth of costs of the two
designs is taken to be the same.

A computer program can be designed to facilitate the calculation of the present
worth of costs.
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9.3 CONSTRUCTION COSTS (C)

The check-list of unit costs given in Section 5 should be used to calculate the
equivalent construction cost per square metre. Factors to be considered include
the availability of natural or local commercial materials, their expected trends in
costs, the conservation of aggregates in certain areas and also practical
aspects, such as speed of construction and the need to foster the development
of alternative pavement technologies.

The cost of excavation should be included as certain pavement types will
involve more excavation than others. ~

9.4 REAL DISCOUNT RATE (r)

When a present worth analysis is done, a real discount rate must be selected to
express future expenditure in terms of present-day values. This discount rate
should correspond to the rate generally used in the public sector. In 1980 this
was about 10 % in real terms (ie after compensating for the effect of inflation).
Unless the client clearly indicates that he prefers some other rate, 10 % is
recommended for general use. A sensitivity analysis could be carried out to
determine the importance of the value of the discount rate.

9.5 FUTURE MAINTENANCE (M;j)

Maintenance management or maintenance design is beyond the scope of this
document. However, it has been shown in Section 7 that there is a relation
between the type of pavement and the maintenance that might be required in
future. When different pavement types are compared on the basis of cost, these
future maintenance costs should be included in the analysis to ensure that a
sound comparison is made.

Figures 4 and 9 show that the life of the surfacing plays an important part in the
behaviour of some pavements. For this reason, planned maintenance of the
surfacing is very important to ensure that these pavements perform
satisfactorily. The lives of the various types of surfacing will depend on the traffic
and the type of base used. Table 16 gives guidelines regarding the range of
typical surfacing lives that can be expected of various surfacing types. These
values may be used for a more detailed analysis of future maintenance costs.

Typical maintenance measures that can be used for the purpose of cost analysis
are given in Table 17. It should be noted that since the costs are discounted to
the present worth, the precise selection of the maintenance measure is not very
important. Some maintenance measures are used more commonly on specific
pavement types and this is reflected in Table 17. There are two types of
maintenance measure:

» measures to improve the condition of the surfacing, and

e structural maintenance measures applied at the end of the structural design
period.
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TABLE 16

Typical ranges of surfacing life periods for various surfacing types for the
different road categories and base types (if the surfacings are used as given in
the catalogue)

Typical range of surfacing

life (years)
Base type Surfacing type Road category and traffic
UA uB uc
(E2-E4) (EO-E2) (ER)
Granular Slurry seal - - 4-13
PVC-tar single surface treatment - - 7-13
Bitumen single surface treatment - 6-11 10-16
Bitumen double surface treatment - 7-14 10-18
Cape seal - 7-15 i0-18
Open-graded asphalt” 6-10 7-12 -
Thin continuously graded asphalt 9-13 10-15 1322
Thin gap-graded asphalt 9-15 11-16 14-23

Yo

Bituminous  Slurry seal - -
PVC-tar single surface treatment - -
Bitumen single surface treatment - -
Bitumen double surface treatment - -

Hk

TR

k.

2]

Cape seal - -
Open-graded asphalt” 6-10 7—-12 *
Thin continuously graded asphalt 9-14 10-16 *
Thin gap-graded asphalt 9-16 11 -17 >
- Cemented  Slurry seal " - 4-13
‘ PVC-tar single surface treatment b - 713
Bitumen single surface treatment > 6-10 9-156
Bitumen double surface treatment ** 7-11 10-15
Cape seal h 7-12 10-17
Open-graded asphalt” o 7-12 -
Thin continuously graded asphalt h 8-13 1020
Thin gap-graded asphalt ** > g-14 11-21

* A surface type not normally used.
** On top of a continuously graded or gap-graded asphait.
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TABLE 17
Typical future maintenance for cost analysis

Typical maintenance measures”
Measures to improve Structural maintenance
Base type the surfacing condition™
Original surfacing Asphalt Moderate Severe
Surface treatment premix distress distress
Granular S1(10-15 yrs) 51 (12-20 yrs) 30-40 AG, AC > 100 8BS, BC
S1(18-27 yrs) 81(21-30 yrs) or
or Granular overlay
AG (13-22 yrs) or
AG (24-33 yrs) Recycling of base
Bituminous —_ S1{13-17 yrs) 30-40 AG, AC > 100 BS, BC
S1(22-28 yrs) - or
or Recycling of base
AG (13-17 yrs)
AG (26-34 yrs)
Concrete Joints repair, Further Concrete granular
surface texturing joint and or
(15 yrs, 30 yrs) surface Bituminous overlay
(equivalent to repairs or
cost of 20 mm PCC) Recycling
Cemented S1{B-13 yrs) $1( 8-13 yrs) Further Thick granular
51(16-24 yrs) S1{16-24 yrs) surface averlay
51(23-30 yrs) S1(23-30 yrs) treatments or
Recycling of base
Paving No maintenance measures Relevelling of Rebuild base,
blocks blocks bedding sand and
blocks

* 51 (10 yrs) represents a single surface treatment at 10 years and 40 AG (20 yrs)
represents a 40 mm thick bitumen surfacing at 20 years.
™ Refer to Table 16 for typical surfacing lives.

The structural design period (SDP) has been defined (Section 3) as the period for
which it is predicted with a high degree of confidence that no structural
aintenance will be required. T%eremre typical structural maintenance will on.
average only be necassary at a later stage. If structural maintenance is done
soon after the end of the structural design perimds the distress encountered will
im y be moderate. When structural maintenance is done much later the distress
Il gener adv be more severe. Figure 13 gives guaf'ie ines mqamim the degree of
d«mwe&;ﬁ“ to be expected at the time of rehabilitation for difierent structural design
periods. Table 17 makes provision for both moderate and severe distress.
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The typical maintenance measures given in Table 17 should be replaced by
more accurate values if specific knowledge about typical conditions is available.

Road user delay costs should alsc be considered, although no proper guideline
is readily available. The factors that determine the road user costs are:

s running costs (fuel, tyres, vehicle maintenance and depreciation) which
depend mostly on the road alignment, but also on riding quality (PSI);

e accident costs, which depend on road alignment and riding quality, and

s delay costs, which depend on the maintenance measures applied and the
traffic situation on the roads. (This is a difficult factor 1o assess as it may
include aspects such as the provision of detours.)

9.6 SALVAGE VALUE (8)

The salvage value of the pavement at the end of the period under consideration
is difficult to assess. If the road is to remain in the same location, the existing
pavement layers may have a salvage value, but if the road is to be abandoned at
the end of the period under consideration, the salvage value could be small or
zero. The assessment of the salvage value can be approached in a number of
ways, depending on the method employed to rehabilitate or reconstruct the
pavement.

{a) Where the existing pavement is left in position and an overlay is
constructed, the salvage value of the pavement would be the difference
between the cost of constructing an overlay and the cost of constructing a
new pavement to a standard equal to that of the existing pavement with the
overlay. This is termed the residual structural value.

(b) Where the material in the existing pavement is taken up and recycled for
use in the construction of a new pavement, the salvage value of the
recycled layers would be the difference between the cost of furnishing new
materials and the cost of taking up and recycling the old materials. This
salvage value is termed the recycling value.

(d) In some cases the procedure followed could be a combination of (a) and (b)
above and the salvage value would have to be calculated accordingly.

The salvage values of individual layers of the pavement may differ considerably,
from estimates as high as 75 % to possibly as low as 10 %. The residual
salvage value of gravel and asphalt layers is generally high, whereas that of
concrete pavements can be high or low depending on the condition of the
pavement and the method of rehabilitation. The salvage value of the whole
pavement would be the sum of the salvage values of the individual layers. In the
absence of better information, a salvage value of 30 % of initial construction
cost is recommended.
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APPENDIX 1
GLOSSARY

Analysis period - A selected period over which the present worth of
construction costs, maintenance costs (including user costs) and salvage
value are calculated for alternative designs and during which full
reconstruction of the pavement is undesirable.

Base - the layer(s) immediately beneath the surfacing and on top of the subbase
or, if there is no subbase, on top of the subgrade.

Behaviour — the function of the condition of the pavement with time.

Commercial vehicle — a vehicle with a carrying capacity exceeding 2 700 kg,
usually with dual rear wheels. ‘

Design CBR of subgrade — the representative laboratory California Bearing Ratio
value for the subgrade which is used in the structural design.

Design cumulative equivalent traffic (Ng) - the equivalent traffic predicted for the
structural design period.

Distress — the visible manifestation of the deterioration of the pavement in
respect of either serviceability or structural capacity.

Equivalent traffic - the number of 80 kN single-axle loads ('ESOS) that cause the
same cumulative damage as the actual traffic.

Equivalent vehicle unit (evu) — the number of through-moving passenger cars a
given vehicle is equivalent to, based on its headway and delay-creating
effects.

Geometric design — the design of the geometry of the road surface for traffic
flow, and for the safety and convenience of the road user.

Initial equivalent traffic — ’the average daily equivalent traffic pred:cted for the
first year of the structural design period.

Material depth — the depth defining the pavement, and the minimum depth
within which the material CBR should be at least 3 % at in situ density.

Mechanistic analysis — analysis of a systermn taking into account the interaction
of various structural components as a mechanism, here used to describe a
design procedure based on fundamental theories of structural and material
behaviour in pavements.

Modified aterial — a material of which the physical properties have been
improved by the addition of a stabilizing agent but in which cementation has
not occurred.

Pavement layers — the combination of material layers constructed over the
subgrade in order to provide an acceptable facility on which to operate
vehicles.
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Performance — the measure of satisfaction given by the pavement to the road
user over g period of time, quantified by a serviceability/age function.

Present worth of costs — sum of the cosis of the initial construction of the
pavement, the later maintenance costs and the salvage value discounted to a
present monetary value.

Riding quality — the general extent to which road users experience a ride that is
either smooth and comfortable or bumpy and thus unpleasant and perhaps
dangerous.

Selected layer — the lowest of the pavement layers comprising controlled
material, either in situ or imported (Classification codes G7-G10}.

Serviceability — the measure of satisfaction given by the pavement to the road
user at a certain time, quantified by factors of riding quality and rut depth.

Slab — the pavement layer of concrete which is placed over a prepared subbase
and that acts as base and surfacing combined.

Structural design — the design of the pavement layers for adequate structural
strength under the design conditions of traffic lcading, environment and
subgrade support.

Structural design period — the chosen minimum period for which the pavement
is designed to carry the traffic in the prevailing environment with a reasonable
degree of confidence that structural maintenance will not be required.

Structural distress — distress pertaining to the load-bearing capacity of the
pavement. |
Structural maintenance - measures that will strengthen, correct a structural flaw
in, or improve the riding quality of an existing pavement, (eg overlay,
smoothing course and surface treatment, partial reconstruction (of say the

base and surfacing), etc).

Subbase — the layer(s) beneath the base or concrete slab and on top of the
selected layer.

Subgrade - the completed earthworks within the road prism prior to the
construction of the pavement. This comprises the in situ material of the
roadbed and any fill material. In structural design only the subgrade within the
material depth is considered.

Subgrade design unit — a section of subgrade with uniform properties and/or
load-bearing capacity.

Surfacing — the uppermost pavement layer which provides the riding surface for
vehicles

Surfacing maintenance - a measures that maintain the integrity of the surface in
respect of skid resistance, disintegration and permeability without necessarily
increasing the structural strength of the pavermnent.
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- APPENDIX 2

THE INFLUENCE OF TOWNSHiP LAYOUT ON THE CHOICE
OF ROAD CATEGORY

Township layout has a strong influence on the choice of road category,
especially as regards the roads within the township. A well-designed layout will
provide for bus routes (Category UB) within acceptable distances. from all
dwellings, but also on well-defined roads. This implies that all other roads within
the township will be either Category UC or UD roads. However, a less-defined
layout may imply that a number of roads could act as bus routes, so that they all
have to be designed to carry buses, and these therefore have to be Category
UB routes.

Figure 15 illustrates this principle.

YES
UA or UB UA or U8
ugd‘\f' e *‘_—.]
L up Possible
2 N

ue

UB or UC-+ —UB or UC

ue

us

us e (ua v J

NOTE: Layouts In the YES column maximize the use of UC ond UD catagory roads.
Thoss in the NO column make It impossible fo use the UD calegory bectause
of the difficulty of predicting traffic loading,

FIGURE 15
The influence of layout on road category
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APPENDIX 3

EXAMPLE OF THE STRUCTURAL DESIGN OF A CATEGORY
UB ROAD

1 OBJECTIVE

A district distributor road linking a township to the existing priméry distributor
system of Johannesburg has to be designed. It will be a four-lane facility and the
following information is available:

(@ Centre line subgrade CBR values:
3;5;4,5;5;6; 3,12, 10, 7; 8; 11; 1420232018191516101210

10;8;9;8;7;4;5;3;6;6; 7

(b) Current traffic (from a transportation study):
Equivalent traffic = 200/day/direction, consisting mostly of cars, a number
of buses (70 % laden) and light as well as medium heavy commercial
vehicles.

Expected growth rate = between 2 and 8 %.

(c) Road will be opened to traffic within three years.

Design pavement structures of different base types and Vcompare these
structures on the basis of costs before making a final selection.

2 ROAD CATEGORY

2.1 Road category (Table 1)

This can be regarded as a Category UB road. The cumulative design equivalent
traffic should therefore be between 0,05 and 10° and 3 x 10° E80s/lane over the
structural design period. A moderate level of service (in terms of riding quality) is
expected.

3 DESIGN STRATEGY

3.1 Analysis period (Table 2)
The new alignment will probably not change again and therefore a period of
30 years is selected.

3.2 ‘Select structural design period (Table 2)

A period of 15 years is selected. A longer period could have been selected, but
as there is some uncertainty about the growth in traffic and future development
in the area, a period of 15 years is more suitable.

Therefore AP = 30 years; SDP = 15 years.
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4 DESIGN TRAFFIC

The lane distribution factor (Be) from Table 8 is 0,95 for the slow lane. The fast
lane will be designed for the same traffic as the slow lane. The current
equivalent traffic may be projected to the initial year using the growth factor (ge)
from Table 6. The cumulative equivalent traffic over the structural design period
can be determined by multiplying the initial equivalent traffic by the cumulative
growth factor {ig) from Table 7. The growth rate of the traffic is uncertain and it is
necessary to do a sensitivity analysis with growth rates ranging from 2 % to
8 %. Table 18 shows the cumulative equivalent traffic and the applicable traffic
class for a structural design period of 15 years. Regardless of the selected
growth rate, the design traffic class is E2.

TABLE 18 ,
Cumulative equivalent traffic and applicable traffic class for SDP = 15 years

Lane Growth Cumulative  pegign
distribution rate ax’ ™ equivalent traffic
factor % traffic class
over SDP

0,95 2 - 1,06 6 440 1,3x 10° E2

4 1,12 7 600 1,6 x 10° E2

6 1,19 9010 2,0x10° E2

8 1,26 10 700 2,6x10° E2

* for x = 3 years
* fory = 15 years

5  MATERIALS
The table in Figure 16 may be filled in by using the check-list in Figure 7. The-
unit prices listed are 1983 prices.

6 ENVIRONMENT

6.1 Climatic region
According to Figure 8, the road lies within the moderate climatic region.

6.2 Delineaticit of subgrade areas and design CBR of subgrade
Bv visual inspection of the given CBR values, five subgrade areas can be
delineated:

Subgrade Area 1: CBR = 3; 5, 4; 5; 5, 6; 3
Subgrade Area 2: CBR = 12;10:7;8; 11; 14
Subgrade Area 3: CBR = 20; 23; 20; 18; 19; 15; 16
Subgrade Area 4: CBR = 10; 12; 10; 10; 8;9; 8; 7
Subgrade Area 5: CBR = 4, 5;3;6;6; 7
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SYMBOL|CODE MATERIAL . AVAILABILITY UNITCOST /m?®
AR Y Graded crushed stona v R28,00
G2 | Groded crushed stone X e
83 Groded crushed sione X —
Ga Natural gravel X —
G3 Natura! gravel v Ri5, 00
G6& | Naturol gravel X —_—
G7 | Grovel-sol v R8,0
GB | Grovel-soli X e
69 | Gravel-soit v R350
G0 | Gravel-sail v R3,50
8C | Biremen hol-mix asphoit v R 87,50
BS | Bliumen hot-mix osphalt v R87,50
TC | Tor hot-mix asphalt v R85,00
Ts Tar hot-mix asphalt v RB!'S,OO
PCC | Portiond cement concrete v R 80,00
cH Cemanted crushed stone o gravel v R40,00
c2 Camanied crushed stons or gravel X m—
€3 | Cemented notural grovel v R25,00
c4 Cemenled natural grovel v R21,00
AG | Asphalt surfacing v R105,00
AC | Aspbolt surfacing v R105,00
AS | Asphait surfocing v R105,00
A0 | Aspholt surfacing v R95,00
—— L 2] Surfoce tr satment v " R1,40 /"‘2
_— $2 .| Surface ireatment v R2,10/ m?
— $3 Sand seal X ——
—— | S& | cope seal X —
— 55 Slurr y X —
—_— s6 | Sturry X —
— $7 Surface renawal X —
——— $8 | Surface renewal X —_
¥ ¥ Tiwnm Waterbound mocodoem X —
L | )
Y v v Pm Penetrotion moacodom X e
vy 9
v v v
@a ce Concvale poving blocks X [RU——
FIGURE 16

Check-list of material availability and unit cost
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Table 19 shows the calculation of the lower 10th percentile values and design
CBR of the subgrade areas.

TABLE 19
Design CBR of the subgrade
Subgrade “Mggn Sta@df’ird Lower *;Q’th Design CBR
area \faiwue; deviation, | ‘percemne of subgrade
: X S Xx-—-128285
1 4.4 1.9 3,0 3-~7
2 10,3 2,6 7,0 7-15
3 18,7 2,7 15,3 > 15
4 9,3 1,6 7,2 715
5 5,2 1,5 3,3 37
7 STRUCTURAL DESIGN AND PAVEMENT TYPE SELECTION
7.1 Pavement type selection

From Section 7.2 of the text, it appears that all the pavement types are
~acceptable for the given conditions. No adverse climatic conditions are
expected and the traffic loading shows no abnormal trends or distributions.
Table 12 shows that cemented subbases are recommended for all base types,
although granular subbases can also be used for bitumen premix and granular
bases.

7.2 Selected layers
The selected layers necessary for the different subgrade areas are given in
Table 20 (based on Table 15). . : I

TABLE 20
Selected layers for the different subgrade areas
Subgrade . Lower Upper Treatment of in situ
area Design CBR  selected selected subgrade
layer layer
1 3-~7 150mm GY 150 mm G7  R+R 1o 150 mm G10
2 715 - 150 mm G7 R+R to 150 mm G9
3 > 1 - - R+R to 150 mm G7
4 7—15 - 150 mm G7  H4+R to 150 mm G9
5 3-7 150 mm G2 150 mm G7 R+R to 150 mm G10

*"R+R= rip and recompact.
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7.3 Possible pavement structures
Figure 17 shows possible pavement structures according to the catalogue”
(Category UB road, class E2 traffic).

8 PRACTICAL CONSIDERATIONS

The designer should consider the consequences, if any, of the practical
considerations outlines in Section 8 for the possible pavement structures. For
example, if local materials are very sensitive to water, he may specify that
special care should be given to the cross profile.

g COST ANALYSIS

9.1 Construction cost

For the comparison of different pavement types, the construction costs of only
the subbase, base and surfacing need fo be considered. These costs follow
directly from the unit costs given in Figure 14. B ‘

9.2 Future maintenance

The structural design period is 15 years and the analysis period is 30 years. The
future maintenance can be astimated from Tables 16 and 17. This road is near a
regional office and one can expect timely maintenance (say between 1,0 and
1,5 x 8DP). The distress will therefore only be moderate (Figure 13). Table 21
shows estimated maintenance measures for the different pavement types.

9.3 Discount rate : ‘
A discount rate of 10 % is normally selected. (A sensitivity analysis with
discount rates of 8, 10 and 12 % showed that there is little difference between 8

and 12 %]).

0.4 Salvage vaiue
The salvage vaiue will probably vary with the type of pavement. Table 22 shows
typical salvage values for the different pavement types. '

* Because the catalogue of designs is updated from time to time, the designs in this
example may differ. The catalogue reflects the latest designs that have been accepted
by the Highway Materials Committee.
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FIGURE 17

Posgsible pavement structures (SDP = 15 years)
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TABLE 21

Typical maintenance measures for the different pavement types

Pavement
type

Maintenance

measures

Base subbase

For surfacing

Structural maintenance

Granular Granular 30 AG (11 years) 40 AG (30 years)

Cemented 30 AG (11 years) 35 AG (21 years)
Bitumen Granular 30 AG (12 years) 35 AG (21 years)
Premix Cemented 30 AG (12 years) 30 AG (21 years)
Tar premix Cemented 30 AG (12 years) 30 AG (21 years)

| Concrete Cemented Equivalent to cost of 150 PCC (25 years)
“ 20 PCC (10 years) :
: 20 PCC (20 years)

Cemented Cemented S1 (10 years)

S1 (16 years)
S1 (22 years) 150 G1 + 52

(25 years)

| TABLE22
Typical salvage values for different pavement types

Pavement type Salvage value (% of initial costs)
" Granular  : Granular 50 %
Cemented 60 %
Bituminous : Granular 50 %
Cemented 60 %
Concrete 75 %"
Cemented 75 %"

* These values are high becéuse of substantial overlays near the end of the analysis
period.

9.5 Present worth of cosis
The present worth of costs can be calculated from:

PWOC = C + ZT M (1 + 07X = 8(1 + 172 vt AR 9.1
Table 23 shows the present worth of costs for each pavement type.

Structural design of urban roads
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TABLE 23
Present worth of costs

Pavement structure Initial Discounted Discounted Present
' costs maintenance costs salvage worth of
R/m? R/m? value R/m? costs
R/m?
Measure Cost
Asphalt surfacing 3,68 30 AG (12 years) 1,00
Granular base 4,20 40 AG {23 years) 0,47
Granular subbase 2,25
10,13 1,47 0,29 11,31
Asphalt surfacing 3,68 30 AG (13 years) 0,91
Granular base 420  35AG (25 years) 0,34
Cemented subbase 3,15
11,03 ' 1,25 0,38 11,90
Asphalt surfacing 3,15 30 AG (13 years) 0,91
Bitumen premix base 10,50  35AG (24 years) 0,37
Granular subbase 2,25
15,90 1,28 0,50 16,68
Asphalt surfacing 3,15 31 AG (14 years) 0,83
Bitumen premix base 7,00 30 AG (26 years) 0,26
Cemented subbase 3,15
13,30 1,09 0,46 13,93
Asphalt surfacing 3,15
Tar premix base 9,35 30 AG (12 years) 1,00
Cemented subbase 3,15 30 AG (23 years) 0,35
15,65 1,35 0,54 16,46
Concrete pavement 14,40 20 PCC (15 years) 0,38
Cemented subbase 2,50 180 PCC (25vyears) 1,33
16,90 ' 17 0,73 17,88*
Surface treatment 3,68 51 (10 years) 0,54
Cemented base 3,75 51 (16 years) 0,30
Cemented subbase 3,15 51 (22 years) 0,17
10,58 150 Gl (25 years) 0,39
35 AG (25 years) 0,34
1,74 0,45 11,87

“ If concrete was designed for 20 years (say E3), this value would not be lower due to the
extra initial costs.
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Table 23 shows that the pavements with granular or cemented bases are
significantly less expensive than the others. Therefore, a pavement with a
granular or cemented base will be selected. As regards the behaviour of the
different pavement types given in Section 7, it is proposed that a structure with
a granular base and a cemented subbase be used. Such a pavement will
probably not have the cracking problems of a pavement with a cemented base.
A cemented subbase will be slightly more expensive than a granular subbase
but is considered worth the extra cost. |

The selected pavement could also have a double surface treatment instead of
an asphalt premix surfacing. This would probably result in a slightly lower riding
" quality. The cost saving should be weighed against the lower riding quality, but
the current policy of the Municipal Roads Department may also influence the
decision.

10 ALTERNATIVE STRATEGIES

The overlays necessary for cemented-base and concrete pavements could be
-avoided by choosing a longer structural design period of 20 to 25 years. At a
growth rate of 6 %, the design traffic class will be E3. An analysis has shown
that the costs are slightly higher than the costs of the original strategy and that
the granular base pavement remains the most cost-effective structure.

Structural design of urban roads
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APPENDIX 4

EXAMPLE OF THE STRUCTURAL DESIGN OF CATEGORY UG
AND UD ROADS WITHIN A TOWNSHIP

1 OBJECTIVE

The objective of this example is to describe the simplified design of Category
UC or UD roads within a township - in comparison with the full design example
given in Appendix 3. -

2 ROAD CATEGORIES (Table 1, Figure 3)

The road categories (either UC or UD) are dependent on the township layout (as
shown in Appendix 2) and on economic factors such as car ownership and use,
affluence etc. If there is a high percentage of high-order roads, the designer
could reconsider the township layout.

3 DESIGN STRATEGY

As explained in Figure 2 and Section 3, a fixed strategy is followed for Category
UC or UD roads. A complete economic analysis over an analysis period of say
30 years is not required.

4 DESIGN TRAFFIC

For Category UC roads, the design traffic class is either ER (< 0,05 x 10° E80s)
or EO (0,05 to 0,20 x 10° E80s). Construction traffic is probably the most
important factor influencing the decision about the design traffic class, but other
factors such as car ownership and use” could influence the decision regarding
the design traffic class. (Note: These roads will not carry bus traffic.) Should any
of these roads act as a temporary Category UB road during a period of
development, appropriate traffic studies should be done.

5 MATERIALS
As before.

6 ENVIRONMENT
As before.

* CAMERON, J W M and DEL MISTRO, R F. Traffic movements in residential
environments: Six case studies in Pretoria. NITRR Technical Report RT/35/81, Pretoria,
CSIR, 1981.
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7 @TNUCTUHAL DESIGN AND PAVEMENT TYPE SELECTION

As before — local experience of the behaviour of certain pavement types may
exclude some designs.

8 PRACTICAL CONSIDERATIONS
As before.
9 COST ANALYSIS

A full cost analysis is not required. Only initial construction costs will be
compared. However, local experience regarding certain pavement types may
sometimes override decisions based on construction costs only.

) Structural design of urban roads
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APPENDIX 5
THE CATALOGUE OF DESIGNS

1 DESCRIPTION OF THE CATALOGUE

The catalogue deals with most of the factors that have to be considered by the
designer. Firstly, there is the road category (Section 2) and the design equivalent
traffic (Section 4) which depend on the design strategy and the structural design
period (Section 3). For each road category there is usually a choice of two to
" ihree traffic classes. A variety of pavement types (Section 7) is available,
although the availability and cost of materials and also experience regarding the
materials have to be considered (Section 5). The subgrade has been ireated
separately (Section 6) and the catalogue assumes that all subgrades are brought
to equal support standards (Section 7). The catalogue does not include practical
considerations such as drainage, compaction or pavement cross-section. These
aspects should still be considered and are covered in Section 8.

2 THE USE OF THE CATALOGUE AND SPECIAL CONDITIONS

The catalogue should not be used without considering the behaviour of the
various pavement types, their possible condition at the end of the structural
~design period and the factors influencing the selection of pavement types for
different road categories and traffic classes. The best results will probably be
obtained if the catalogue is used together with some other design method. The
catalogue does not necessarily exclude other design methods or other
pavement structures. ' ‘

The catalogue caters for conditions normally encountered in road building.
Whenever special or unique conditions exist, the catalogue can be used as a
guide or fist approximation, but it need not reflect the final design.
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