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ABSTRACT

There are two main phases to this work. The
first dealt with the overlay thickness design
whil e the second considered econom c appraisal of

overl ay design strategies.

Pavenent overlay design on Kaduna - Abuja
road was carried out based on elastic |ayer and
traffic estimate theories, as well as field and
-Laboratory observations. The road was statistically

di vided into 8 honpbgenous sections.

A conputer program 'LAYER 5° was devel oped and
used for the cal culation of horizontal and verti cal
strain, vertical stress and fatigue remaining life
of the pavenent based on Odemark, Burm nster and

Boussi nesg equati ons.

The econom c apprai sal of the design was based
on a cost nodel that considers all costs incurred
over a period of 20 years. A total of 10 strategies
I nvol ving design periods ranging from 2 years to
20 years at an increnental rate of 2 years were
considered for the different thicknesses of the
overl ays. Rel ati onshi ps were devel oped for both
the mai ntenance and users costs as functions of
overlay thickness and design period. Al cost

items were subjected to sensitivity anal yses.

(vi)



The results of the econom c appraisals showed
that those strategies that require frequent
over|l ays are nore expensive than these with fewer
over|l ays. However, differences in total costs
dimnish as fromthe design period of 14 years
onwards. Also, it was found that on the basis
of present physical conditions of the road, the

stretch spanning 2,3km - 8.0 km from Kaduna is

the strongest.
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INTRODUCTION ‘kuéhaq
W.4p,”
«,‘Z *a
1.0 BACKGROUND INFORMATION 4,,::4;. ‘tn,
Ry 1
»’4. (/’y’;&)"‘
The need for detailed appraisal ef design /Tﬂer
}

practices in Nigeria pertaining te reads and their
evecrlays has beceme very essential given the downturn
in the economy, Optimum utilization ef resources
demands that this sheuld, infact, be the case. The
very prohibitive high costs ef road constructien

in the country clearly indicates that resources have

hitherte net been eptimally utilized.

The premature failure of flexible pavements
seems to be a commen feature in Nigeria for all types
of reads. .This failure is possibly caused by poor
design eof the roads which has characterised design
practices in the ceuniry. Therefere, there is a
need for imprevement in design practices especially
in Nigeria that the highways censtitute abeut
60-70% »f the tetal means ef transportation of

peeple and freight«Onakemaya (‘1985))-

It ie the purpese ef this study te carry out
detailed appraisal of overlay design strategies seo
as to obtain an eptimum overlay thickness that
minimises the associated sum total ef constructien,
user and maintenance cests. For the purpese eof the

work, Kaduna - Abuja reoad has been chosen as the



case study.

The Kaduna-Abuja road is a single caryiageway
that connects the cities of Kaduna in Kaduna state
and Suleja in Niger State. It is a main gateway
t0 the new Federal Capiteal city_o?\Nigeria. it
is therefore of immense imﬁérfﬁgbé. Besides its
importanceg gome . data on the road can readily be
obtained from the Pavement Evaluation Unit, Kaduna
and hence its choice for this study. The road has
an approximate length of 157 kilometres. It was
first constructed as a surface dressed road in
the late seventies. Later it was reconstructed as
a two lane asphalt Concrete.pavement between 1982
and 1985 probably in direct consequence of changing

of the Federal Capital from Lagos to Abuja.

1.1  STATEMENT OF PROBLEM = . - o

Nigeriﬁ,.like most other developing countries
invest a substantial portion of her annual budgets
to provision of infrastructures, of which road
development takes a prominent pecsition. Hence it
is necessary that all issues connected with road
development be given due attention. Among the
intractable probhlems that havé surfaced in rcad

~development is the high costs ¢f ceorsirection, It
is ncw obvious Iin the face of cdwindling resources
that unless avenues for reducing construction costs
are explored, high costs of construttion may "

X -
corstitute a constraint to further cevelcprment.



3
The above described general problem ishwha;
has been tackled in this project. The specific
aspect of the problem that has been focussed on
is the derivation cof an optimum overlay design
strategy. OSeveral options exist to the designer

and policy makers in solving this problem.

At the one ektreme, very thick overlays could
be provided and this would ensure that minimal
meintenance is needed and further overlays would
not be required for guite a long time. The main
drawback of this approach, however, is that very
high initial costs would be incurred. The other
extreme is - to have'very thin.OVerlays as a.
design policy. Its advantage would be low initial
costs but high maiﬁtenance costs and frequent
overlays would be necessary. One would exﬁect that
an optimum sclution exists, probably somewhere
betvween the two extremes. The main problem tackled
in this thesis is to derive that optimum strategy

for the specific case of Kaduna - Suleja rocad.
1.2 OBJECTIVES QOF THE STUDY

Arainst the background of the problem defined
for this work, the feollowing are the main objectives

of the study:
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(1) To formulate a rational design method for
pavement overlay with a view to isolating

the effect of thickness.

(ii) To . identify the major cost items that
can be affected by the overlay design

strategy

(iii) To formulate rational methodologies for

quantifying the cost items identified in (ii)

"f;_(iv) To undertake a parametric variation of

the overlay thickness which is the main
design factor of interest to this work,
with a view to assessing its influencé on
the total construction, maintenance and

users' costs

(v) To determine which design option{s}

give minimum total costs.

1.3 SCOPE OF THE STUDY

The project consists of two interrelated.parts
vizi=- |

(a) Pavement Overlay Design

(b) Economic appraisal of the overlay desién.

These have been undertaken for each of the

scientifically determined typical sections of

Kaduna-Abuja road.
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1;3.1 Paﬁemént Overlay Design

The level of pavement serviceability declines
gradually and continucusly over time, &and il no
remedial action is taken it will fail functionally.
The decline in present serviceability index with

age for a typical pavement is shown in Fig. 1.1.

Pavements may become functionally and
s£fucturally inadequate either because the traffic
loading is greater than what was forecasted at the
design stage or because there was an under-design
of facility. Regardless of the cause of the road's
inadequacy, an immediate action is needed to

restore the serviceability of the road once the

' inédequacy occurs.

One of the techniques used to réstore the
level cof servicesbility is the application of 4&n
overlay which increases the structural strength of

the pavement as shown in Fig. 1.2.

A major thrust of the pavement study is to
review the.pavement overlay design strategy as =
reflected in the timing of strengthening and degree
of sirengthening undertiaken at overlay. The field
vwork is based on Kaduna-Abuja road. Different
trial thicknesses corresponding to wvariocus life

spans will be itried, The coverlay design method used

incorporates a mechanistic prediction of pavement
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strains using elastic layer theory and considers
environmental factors such as temperature,and rainfali
estimates of past and future traffic in terms of
equivalent axle loady, deflection measurements;.

roughness measurements, condition survey and material

characterisation.

The weighted average of the overlay thicknesses
oﬁtaiﬁe& for different sections is then determined
for each design period in order to obtain a uniform
thickness for the entire . road, For each overlay
thicknéss éo_obtained, the'totai costs of | .
consfruotidn, maintenance and vehicle operafinglare_

determined. .
1.3.2 Economic Evaluation

Thé evaluation is to consider the relativé.
desirability of the various design options on the
basis of total costs. The total costs for each
design strategy will then be reiated to the
corresponding overlay thickness; so as to determine
the most desirable. In this manner, the alternative
investments will be compared in order to obtain
the optimum overlay thickness that minimizes the
associated total costs, including construction,

maintenance, user's and vehicle operating costs.



1.4 ORGANISATION OF THESIS

This thesis has been split into six
chapters for effective coverage of the study.
_t The introductory part of the work were
discussed in chapter one. Chapter two covers all
the previous researches carried out in this area.
.The theoretical approaches to the work came up
in chapter three. Chapter four dealt with the
methodology adopted for the vwork. The data
'énélysés and discussion of results were carried

out in chapter five while the conclusions and

recommendations were stated in chapter six,



-

CHAPTER TWO

REVIEW OF LITERATURE

2.0 REVIEW OF DESIGN PRACTICE IN NIGERIA

Previously in Nigeria, overlay thickness had
been selected on the basis of experience of the
engineer or on the assigned budget for the overlay.
In other cases, Federal Ministry of Works and
Housing relied on empirical relationship involving
maximum surface deflection such as the Transport
and Road Research Laboratory (TRRL) methods HKennecdy (1878)
In the deflection method; the required overlay
thickness is taken to be the thickness that assures
reduction of the existing pavement deflection

to a tolerable deflection.

Elkins and Hudson (1984) have enumerated the
limitations of deflection model type methods for

use in Nigeria to include the following:=-

(a) No deflection method has been specially
acclimatized to the Nigerian environmental,

materials and traffic conditions.

(b) Surface deflection is the only measure
of pavement strength used because in-situ

material properties are not tested.
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Therefore, the described design practice
has long been considered unsatisfactory. This
is hardly surprising since considerable
information on pavement conditions and material
characteristics have been obtained and stored by
the Pavement Evaluation Unit in Kaduna. Obviously,
there is sufficient basis for well grounded
theoretical approaches to overlay design and
anglyses. Some uncoordinited efforts have
already been made in this direction and the

present work attempts to further this approeoach.

2.1 THEORIES.OF ECONOMIC EVALUATION OF PAVEﬁENT

OVERLAY STRATEGY

Phang and Slocum {(1972) ﬁave proposed a
simplified technique for the economic analysis
of pavement/overlay design strategies. The
technique is based on present and future
construction and maintenance ceosts, pavement
gervice life, discount rate and analysis period;
These factors are combined in a formula which
gives the total costs in present value as

reflected in equation 2.1.



where Tc j

Cc
]

C
Ir

(1-Y/t)
M

v
cr

n

11

Total costs for alternative j

Initial construction cost

Resurfacing construction cost (including
engineering, administration costs)

rate of discount

Number of resurfacing during the

* er + f‘x-.'g_ + cr +....

RS (1) 7Y (pyseat
C C
ﬁ?ﬁsﬂm-:)t - (1-Y/t) Im_ + Mg

(1+R)™ a=1 (1+R)7

Ue U

Tl 4 eenee # Cym 2.1
(1+R’a (14’“’5 +(m-1)t :

. 2 r '
analysis period. '-’;}3?%
Analysis period » %z”
Lifespan of Initial swfacing ?‘ﬁi‘{“;“"@‘_
Lifespan of subsequent surfacing ‘%Fiég
Number of years between the time of | ?%2%

last resurfacing and the end of the -?;%
A

analysis period.
Residual-value coefficient
Annual Maintenance cost

User's cost (including extra costs of

time delay and vehicle operation costs)

Haas and Hudson (1978) reported other techniques for

economic evaluation of pavement overlav. Trece
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by most pecople. It is easy to comprehend a return
on investment because of the association and
familiarity with normal business terms. It is
particularly useful where the streams qf the
benefits associated with the various dﬁtions under
consideration differ, Nevertheless, situations
do arise where the rate of return method gives
anbiguous answers. It alsc entails cumbersome

computations.

The particular problem investigated in this
work indirectly assumes that the benefits are fixed
regardless ¢f the options, Hence, this method is

not considered worthwhile.

(3) The benefit-cost ratio method has a major
disadvantage on account of the abstract nature of
the ratio, which 1is difficult to comprehend by
itself. Another disadvantage is the possible
confusion over whether maintenance cost reductions
should be in the numerator or the dencominator and
~ whetlher cost reductions are benefits or negative
costs and so on, Based on these disadvantages,
the method has not been considered appropriate

for the purpose of this study.

(4) The cost effectiveness method 1s used mainly

where significant, non-monetary outputs are involved.



I
The éost;effectivenéss method may not be the method
most applicable to the pavement field, but it can
be used to supplement other methods. For example,
it is known that pavement appearance has an effect
on users, _If some measure of aesthetics or |

appearance were developed, this could be embo died

in a cost effectiveness model with the results of

the present value analysis. Hence, the method is

not used for the present work.

(%) The present value method is generally preferred

for economic evaluation of transportation projects

or systems by several writers among whom are

Wohl and Martins as clalmed by Hudson and Hass -
(1978), Althoﬁgh there are certain limitations
to thé mé&éthod, the édvantages seem to outwelgh the
disadvantages, Thus, it 1s among the preferred
approaches for evaluating alternative pavement

strategies'when public investments are involved.

The economic cost .equation used in irhe

<istudy has the following advantages over other methods

enumerated above

(a) The snswer is given as a total payoff for
the prolect.

{bi The method is computatiocnally simple and
straight forward. Hence, these justify

its being chosen in undertaking the study.
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2.2 THEORIES OF MECHANISTIC OF OVERLAY/PAVEMENT

.m.. DESIGN

Bufminster and Boussinesg's fundamental theory
on elastic behaviour of multilayered flexible
pavement forms the basls of the design procedure
developed in thls research. Actually, a similar
procedure has highly been worked upon anc has even
been computerised by many researchers who assumed
different degree of complexity and situvations,

Among such is Jerry Koole (1979) who schematised a
pavement structure as a three layer model. The top
layer was taken to represent the asphaltic or
bituminous layer, the cone beneath is the base layer

anc the third layer ls the subgrade of original soil
which is of infinite dimensions. Along the same

view, Peattie (1982) discussed the possible subdivision
of the top layer into wearing and base course, and

the pavement base course underlain by a subbase

layer of weaker granular material,

Koole (1979) further assumed that the materials
of the separate layers behave in a linearly
elastic nmanner characterised by their respective
modulus/stiffness values, This particular approach

has been adcpted in this work.

Peattie and Brown (1982) alsc discussed the

mechanistic behaviour of a multilayered elastic
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pavement structure, They then suggested two

main design criteria namely:-

(1) The tangential tensile strain below the
asphalt lavyer, €t for fatigue cracking
ang _.. _

(11) Thé vertical compressiﬁe strain 6n thé

top of the subgrade, e,- for permanent

deformation,

They proposed a simplified technique for
determining the stresses, strains and deflections.
in a multilayered elastic pavement structure, The
technique is based on Odemark, Burminster and
Boussinesq's equations which are given as equations

2.2 to 2.5 using four layer pavement structure.

Kzi 1/3 e, 1/3 £ \1/3
H = Pl s — .2

ed 1 2 + h 2 +h

. l 1-Vy 2\2-v, N\qy 2

3
173
2
1—v4 L L J 2.2
E4
c =0, = F 1 - 1 2 S
x A o ( 1+4a/z) ) 3/2| wee ces 2.3
—

P (1+Vv)] z/a :
- - o 22 . - (1=2V)
€2 €v E l-(id?jﬁ} ')k

zga
2 —
(1+(z/a} );5 1 mes e 2.4



1-v . N . ] - . -
ED = 1/5 2V (D-x - E ez} - VG;] -8 2= 2.5
where: ...
Z = H94 = equivalent layer thicknéSs (inches)
h; = Layer 1's thickness (inches)
Vi = layer i's Poisson Ratio

E{ = ‘Layer 4¢s Modulus of E}astiﬁity (FEI)
P« Contact stress (psi)

a = Contact area radius (inches)

= Vertical stress due to wheel load (FSI)

= Cocmpressive vertical strain on top
of svhgrade (PSI)

e = Tensile tangential strain at bottom

of bituminous layer.(FSI)

Sharpe et al (1981) had reported the application
of dynamic (vibr&fofy) deflection measurerents for
the structural design and analysis of a flexible
pavement in Kentucky State, U.S.A. This approach
subjects the pavement to strenucus stress/strain
analysis where the characterlistics of individual
components are fy;]y considered. Something close
to this has been accomplished, almost accurately,
with the Finite elerent method (FEM), and method of
equivalent thickness (MET). However, these approaches
incorporatetheavily.involved computer works. The
former takes into account all the possikle variations

of material] properties at all points ancd directions,
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The author proposed a simpler and reascnably
accurate methed which is the introducticn of a
single value for base moduli to calculate the strajins
at critical pecints in the pavement, €,y on the
subgrade top and e, at the bottom of the asphalt
layer. These are the egquivalent base modulus in

both vertical and horlzontal directions respectively,

The validity of such an approach to pavement
analysis/design has been proved by comparison of
its solutions with those of other methods -ME¢T.,

FEM and that of Maryland,

Singh and Akoto (1981) employed a similar
_approach for the design of a lime stabilised laterite

road in the tropics. The critical tensile straln
at the bottom of asphalt/bituminous surfacing and
critical compressive strain on tep of the

subgrade were determined for elastic multllayered

system.

-

As a general review of state- of-the -~art in
pavement design or overlay, the physical inputs

to the design can be categorized as follows:-

(a) Traffic factors

(b) Environmental factors
(c) Material characterisation

(d) ERoughness measurements

(e} Deflection measurements

{(f} Conditfion survey factors
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Details of the design methodology as well as
the methods adopted for estimating the listed
inputs in this study are presented at a later

section.
253 THEORIES OF TRAFFIC ESTIMATE

Since the vehicular wheel loads to be sustained,
estimate on the traffic is essential for good
design. The standard procedure is to convert
truck weights to equivalent single axle loads
(ESAL). In this study 8,200kg equivalent single
axle load is used as the standard loac¢ and 14,500kg
equivalent single axle lcad for tancem, The
equivalent factor relates the camage .dcne by one
pass of 2 given axle load to an egquivalent number
of stancard axle lcad applications that would

cause the same damage.

An approximate method of converting mixed
traffic to ESAL was cdevelcped in a National
Cooperative Higchway Research Program (NCHRP) study
as reported by Hudson (1978). It is based on

categorising traffic into three basic groups:-

Passenger cars, single unit vehicles and Multi

vehicles.
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Highway traffic locads, as far as pavement
design is concerned, are usually considered Iin
terms of axle loads and the number of repetitions

cof these axle lcadsthat the pavement must carry.

Elkins and Hudson (1984) have proposed a
simplifled techrnique for thé cﬁhversion of traffic
loads to ESAL. The technigue is based on axle

loads and number of Trucks as reflected in equation

2.6,
FMg = S (1,02 (Lj/Ls) J/INL see aee 2.6
3=
where FAvg = Number of 8,200kg single axie load.

equivalent factor per truck

N = Nurber of axles

A
Lj = Axle load j, (kg)
Ls « Standard axle lcad as follows:

8,200kg for single axles
14,500kg for tandem axles.

N = Number of trucks.
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CHAPTER THREE

THEQORETICAL BACKGROUND

3,0 PFPREAMBLE

The application of economic evaluation technigues
to transport prolects, Including investments on
pavements, is essential in order to achieve the

maximum returns from such investments.

In order to apply the principles of economic

evaluation to the study the fellowing are the theories

involved:-

(a) Economic Model
(b) Overlay Design Model

{c)} Traffic Estimate Model

3.1 ECONOMIC MODEL

' The following factors are essential to the

proper identification of economic costs:

{1) Present and future construction costs,

maintenance cecsts, delay and vehicle

operating costs during construction,

{2) Range of estimated service life expected

from the pavement

(3) Discount rate to be used to discount future

costs to presert values.
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(4) Analysis period over which the costs
of various pavement/overlay designs

can be compared.

Based on analysis by Phang and Slocum (1572),
the four factors can be embodied within a
realistic economic model as depicted in Fig. 3.1.
These factors are incorporated in a formula
(equation 2.1) to provide a rational basis for

determining the economic costs of any pavement/

overlay strategy.

FRESENT AND
FUTURE COSTS

SURFACE LIFE

RAN i
Sk FORMULA ECONOMIC
COST

——

DISCOUNT RATE

ANALYSIS
PERIOD

FIG. 3.1 ECONOMIC MODEL CHART

THE FORMULA:

The economic model depicted in Fig. 3.1 is
represented by the formula given in equation 2.1.

The inputs necessary for this formula are costs,

service lives, discount rate and analysis period.



23

This equation (equatiorn 2,1) can be modified
further to allow for the effects of inflation

rates, if 8s indicated in egquation 3.1, i.e.

' s
C 1
TC = Co + r41 ( + if) . Cr2 (1 + if)s+t .
j (1 + R)S ey teasnat
(1+R)
s + (m=-1)t s
Crm (1+if) . Ucr1 (1+1f)
H (1*R)s"(m-1)t s oo
{1+R}
X s+{m=-1)t C (1+1 )
rm f
N Ucrm {1+if) s (1 Y1) — .
(1*R)s+(m-1)t (1+R
n Ce
n
2 Ma (‘1+if} N
a & 1 T e e “ e 3-1
where ‘ (1+r) "
Ma, an are as previcus defined,

s Coe u_ LY, t,
CO- Y Cr
In estimating the total costs (equation 3.1)
above, each parameter of the equation has to be
determined. The procedure for obtaining these

parameters are enumerated below:~-

3,1.1 Initial Construction Costs (Co)

| This 1s the initia) construction cost of the
whole rcad and since this road 1s being divided inte
sections in this work, it is assumed that CD is the

same regardless of the strategy adopted for overlay.

Therefore, it is omitted in wie analyses.
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3.3.2 Resurfacing Construction Costs (Cri....Crm).

These costs incluce the costs of materials,
Labour, Engineering and administration., From the
work of many researchers including Cross (1978},
these costs can be combined in & sub-model to provide
& rational basis for determining the resurfacing

construction costsas given in equation 3.2.

crr—Mc"‘ LC+EC‘|‘AC “-s e -ee - 3-2

where Cr = Resurfacing construction costs

=
N

Material costs
L = Labour costs{including equipment cost)
E. = Engineering costs and

Acdministration cost

T
it

The Labour cost, Engineering cost ancd Administrﬁfion
cost are normally taken as a percentage of meterial |
costs, From many researchers work 1ncluding
Peurifoy (1975) and many Organizations including
Federal Ministry of Works, the percentage varies
from 30% to 50% of the costsof material, For
the purpose of this work, these costs (i.e. labour
cost, Engineering cost and administration cost)

are subjected to sensitivity analyses,
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3.1.3 PDelay Cost During Resurfacing (Dcr"'Dcrm"

The celay costs depend . on the volume of work
5 done during resurfacing which in turn depends on
& '? the thickness of coverlay applied and period at
which the pavement is being put to use,

Expressing this methematically it gives:-

Dep = X (Hy Ni) i vee  eee 3.3
where
Dcr = Delay costein K/km for alternative i
= Proportionality constant (K/mm-yr-km)
: Hy = Overlay thickness (mm) for alternative i
| Ni = Analysis period (yr)

I Severa) researchers including Haas and
Hudson (1978) have indicated that values of x

K. yarles from K120.00 to K200.00 per mm=yr.

PR

TN VR The process of cbtaining Hi in eguation 3.3

above is presented in section 3.2.

3.1.4 Maintenance Cost {(Ma)

Maintenancé costs are difficult to estimate
because of inadequate data on independent effects
of thickness, age and traffic, Because of this,

EI TN | maintenance costs are normally assumed to increase

with design perlod for coverlay design and also
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inversely proportional to overlay thickrness.

Mathematically,

Hai = P (T“,Hai a s P a 3.4

where
Maintenance cost for alternative i (K/km)

Proportionality constant (N-mm/yr)

0
h

Pavement life (yr)
= Overlay thickness (mm} for alternative i

b
fn

From the literature including Phang and Slocum

{1972) the values of P varies from WN376,000 to

K400,000 mm/y¢ .

3.2 Overlay Pesign Model

In estimating total construction costs, reliable

information on thickness of overlay corresponding

to the design strategy is required, The overlay

thickness depends on the horizontal strain at the

bottom of the existing pavement, vertical strain

on top of the subgrade and allowable equivalent

single axle load (ESAL) applications.

The overlay thickness reguired is obtained from
a design curve which shows a relationship between

allowable eguivalent single axle load applications

and overlay thickness. A typlcal example is shown

in Fig. 3.2,
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ALLOWABLE-EQUIVALENT LOAD APPLICATION NF, ¥ 107 ——»

. FIG. 3.2

SAMPLE OVERLAY THICKNESS DESIGN CURVE

‘In obtaining the above design curve, the following

steps are taken:-

(a) The allowakle equivalert loacd applications

(horizontal axis) are obtained using the following

expression: .
l - 15
I NF2 . (9,727 x 10 ) (LR) .o 1,5
3,291
24.5 [ o g, ) 0-854
1O'E —13
10
where
NFz = Allowable 8,200kg ESAL applications
e, = Horizontal tensile strain at the bottom of
the existing pavement (PSI)
E, = Dynamic Modulus of the existing pavement (PSI)
LR = Pavement remaining fatigue life.
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In estimating the allowable B,200gk ESAL

arplications above, information on €. Ej and LR

are required.

" In the work, the technigue for obtaining e is

based on Odemark, Burminster and Boussinesqg's

equations (equaticns 3.6 to 3.9).

In this

- . technique a range of overlay thickness es are imporsed

on the existing pavement as shown in Fig. 3.3.

Then the eg is obtained as follows:

P
a .
F7ijj§jq
Varies hl _ Overlay E1, V1
h2 Surface (existing) E2
V2
h3 Base E3
* V3
hd Sub-base E4,V4

Sub-Grade ES
V5

Fig. 3.3 Pavement with imposed overlay.

1 1-Vg
€ Eg (2 v ) LU;('—ES ez\ -

5

LY

-

0;] - a8 ‘3.6 I
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-
(1 +« V_) H
5 es
£ s - (1-2vg)
| o\ 2\ 7?2
(l2))
1+
a
n -
r ——
1 HeS
_?_..—.— - 1 e w 3.7
2
1+ KHES> )1i
a st
1
P -1- - - 3!8
O
( 1ebsHeg) )7
173
r Eq 1/3 o E 1/3 Eq /
es “| 133-V4? 2l iy 2 * a3y, e
2 3
E 1/3 2 1/3
+ h4 4 / 1—V5 /
1=V, 2
4 Eg

2 = He5 = equivalent layer thickness (inches)

= Thickness of Layer i (inches)

= Poisson ratio of layer i

. = Modulus of Elasticity of layer i (PSI)

‘Contact stress (PSI)

Contact area radius {inches)

Vertical stress cue to wheel load (PSI)
Compressive vertical strain on top of
subgrade (PSI)

Tensile tangential strain at bottom of

bituminous Asphalt layer (PSI),
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Each parameter in equations 3.6 -~ 3.9 is cktained

as follows:=

h {overlay thickness) varies and for this

1
project it is taken to be 50mm, 100mm, 150mm and

200mm,
h2 to h4 are obtained from direct field measurements.
Vl to VS are obtained from a standard table which

is reproduced in this thesis as Appendix E.

E, 1s taken as 2.76 MP_ (400,000 PSI) based on

Elkins and Hudson (1984) work

E, is obtained from Dynaric Laboratory tensile

test of the core of existing pavement,

E. to E. are estimated from empirical relationship

3 5
due to Elkins and Hudson (1984) which are given

in equations 3.10 ~ 3,12,

53 - 1585 FLD(:BR .o 3 - w 3.10
E4 = .1000 FLDCBR .8 a -ue 3-‘11
Ec = 5054 f55) 0.88645 aes saa 3.12
~ where

53 = Base layer modulus (FS5I}
E, = Sub base moculus (PSI)
Eg = Sub grade modulus (PSI)
FLDCBR = Californias bearing ratic value obtained
direcusy from field tests.

S¢ = Sensor five deflection (rills), optained
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on field dusing deflection messurement instrument.

The contact area radius (a) and contact strecs
(Po) are based on the stancdard values of the
deflection measurement instrument, Their wvalues are

taken as 157mm (6,18 inces) and 517,13pa(75PSI)re5pective1y.

The remaining life (LR} of the existing pavement
which 18 defiried as the remaining fatique resistance

of the pavement is estimated using equation 3.13.

LR = 1. - LU ') e 3.‘13
where
LR = Rermalning fatigue 1ife
LU = Fatigue life consured and is given
in equation 3.14
LU = Np/Nf -ea - n ae s 3014
where

N = Curulative 8,200kg ESAL from initial
construction/overlay to the beginning of design life

assumed (this is given by equation 3.16),

Ne = Past number of allowable 8,200kg ESAL

applications.
The past number of allowable 8,200kqg (ESAL)
erplication (Nf) is obtained frem an expression
derivecd by Elkins anc Hudson (1%984)., It is given

in equation 3.15.
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(=3
Log N, = 15,988~ 3.291 109 2 _ _0.854 log By o 3018
10~ . " 253

where e and E, are as previously defined.

Here we are concerned with the past number of
applications on the existing pavement, therefore
assumed overlay thickness hy in equation 3.9 is
zero., Hence the value of € is obtained as given
in eguations 3.6 to 3.9. The existing pavement

structure is shown in Fig. 3.4 where

(=
a 3
_1//, / (/
h2 Surface V2 52
h
3 . Ease V3 53
.
h4 ' Sub-Base V4 54
Sub-Grade VS ES

FIG. 3.4: Existing pavement structure.

hi' h2' h3' Ej’ - 88" e Eq' V‘l -..-V4 are

as previously defined.
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3.3 TRAFFIC ESTIMATES MODEL

In obtaining overlay thickness, reliable
information on traffic volumes is required.
Normally, traffic flow data is estimated on twe

premises. These are;-

A
(1) Past traffic carried by the existing 2%,
pavement since the application of the

last overlay.

(2) The design traffic (i.e. future traffic/

applications),

These estimates are expressed in terms of

- 8, 200kg Equivalent single axle lcads (ESAL) by

using the formulae given by equations 3.16 ancd 2.19.

3.3.1 Fast Traffic

The past no of E,200kg ESAL applications of
vehjcular lcad since last overlay is given by

equation 3.16

M
= ADT
"o Z2 T re) (D) (L) (B (F, )

i=1  (1+R) hvg

se e+ 3.16
where
Np = Fast nurber of 8,200kg ESAL application,
m = Period between the analysis period &and

the period the last overlay was applied.
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ADTp = Present average daily Traffic
DD = Directicnal Distribution factor
R = Growth rate

t = Number of years in this period

FIG = Future Total Growth factor.

Pt = Fercent trucks
LD = Lane Distribution factor
FA = Average 8,200kg single axle load equivalence

vg
factor per truck ({.e. conversion factor to

EsaL).,

The future total Growth (FTG) and Percent truck (PtJ

in equation 3.16 are estimated as follows.

. FTG is given in equation 3,17 tased on Elikins

ard Hudson (128£4) work as

365 (1+R)"_4

FTG = Cee waw
ln (R+1)

3,17

where
FTG = Future total growth
. R = As previously defined
n = Design period

1 = log to base e i.e. log,

The percent truck (Pt) is okbtained as

g _ No of trucks in ADTp ¥ 100 .. .. 3.18

t
ADT
p
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Peo ADTp are as previously cefined,

The value of number of years in the perioq‘
t ,in equatlion 3.16 is taken as 4 since the

last overlay was done in 1%8&84.

ihe average 8,200kg single axle load
equivalence factor (FAvg) is determined for all
axles as given in equation 2.6 and dividing by

the total number of trucks welghed on the field.

3.3.2 Design Traffic

The design number of ESAL applications
{(traffic) for alternatives j; wg 23 is obtained

from equation 3.19

8.2 © ADTp {bD} (LD) (Pt) (FTG) (FAV )

5

“e oo 3.19

wo 25 = Design nurber of 8,200kg ESAL
application for alternative j.

ADT = Present Average Paily traffic,

P

DD =« Directional distribution factor
LD = Lane distribution factor

Pt = Percent trucks

F = Average Egquivalence Factoer

AVg

The process of estimating the above parameters -

have been enumerated in sectiomn 2.3,1.
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CHAFTER FOUR

NETHODOLOGY

4,0 FEREAMRLE:

The primary objective of this study is to
undertake a detajled appraisal of overlay design

strategy using Kaduna-ibuja rcad as a case study.

An application of overlay is meant to Increase

the structural strength of the pavement, so that

the pavement's level of serviceability can te enhancedﬂ
A number of cheolices as regards overlay thickness

is open to the designer but each choice brings about
certain ramifications as regards maintenance

and vehicle operating coste~ For example & thin
overlay thickness will result into low construction
cost but might enteil high maintenance cost. and
frequent resurfacings. The copposite is the case

for large thickness., In between these extremes,
there could very well be an optimum thickness which
glves minimum total costs. The main thrust of

this study is to establish such optimum state if,

infact, it exists, Thus the project has two

- main components namely:-

(1) Ecenomic appraisal of the pavement overlay
design; and

(2) Pavement overlay design.
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Appropriate methodologies, therefore, had to
be devised te tackle the two facets ¢of the defined

problem.

4.1 BASIC ASSUMPTIONS

In undertaking the study, the following

assumptions were made to simplify the proklem.

(a) Analysis perlod is 20 vyears

(b) Boundaries for feasible thickness is as
follows:~

Lower Limit - 50mm. Overlay thickness below

this will be very difficult to construct.

Upper limit - 20Cmm. If & desigr gives an
overlay thickness that is more than 200mm, it is
more econcmical to do total reconstruction than

applying overlay to the pavement.

(c) The actual service life is taken as same

as the design life,

{(d) The pavement homogenous sections are

assumed to wear out at a uniform rate.

(e) The labour strength is taken to be the same

for all strategies.
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4.2 METHODOLOGY ADOFTED FOR COET ESTIMATES

The estimates of total costs comprises several
subunits as indicated in equation 3,1. These

subunits are further investigated in the subsequent

sections.

4.2.1 Present and future construction costs

These costs include the costs of materials,
labour, encineering and administration, In order
to obtain the costs of materials, the volume of
work to be done is estimated ané a market survey
- is undertaken so as to know the current price of
materials. Having done these, the volume of
materials is then multiplied by its corresponding
unit cost to cobtain the costsof materials to be
used in each instance. Besides the costsof materials
to be used for work, labour,« ', engineering,
and administration costsare estimated from findings
gathered from current literature. In addition, a
sensitivity analysis about the range of values -

¢chtajned from literature is undertaken.
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4,2,2 Delay costs during resurfacing

These include the extra ccsts of time delay
and vehicle operaticon during the process of overlay.
The delay costs are basically estimated by using
equation 3.3. The overlay thickness, H is directly
derived from design model while the design
neriod, N 1s parametrically varied from 2 years
to 20 years in incremental steps of 2 years.
Again, the rance of values of the constant X is
derived from the literature but subjected teo

sensitivity analyses about these values.

For example 1f the overlay thickness, H
corresponding to desi¢n period of 20 vear$ is

150mm. Using eguation 2.3,

If X = 60(K/yr -mm)

DC = 60(150 x 20)
= Kk180,000/1length = K4724/km,

4.2.,3 PMaintenance Costs

Mainterance costs are difficult to estimate
because of inadequate data on independent effects
of thickness, age and traffic. For this study, |
the maintenance costs are estimated using

equation 3.4.
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For the purpose of this study, the maintenance
costs are subjected to sensitivity analyses ibout
the range of values stated in section 3,1,4,
The values of P chosen are 190000, 376000,
40 9000 and 800,000 all in K-mm/yr,
For example, using the same example used for delay
costs for the pavement life of 1lyr.

H = 150mm, N = 4 yr

For P = K190,000mm/yr.
™, < K190,000 (1.0/150)

= N1266,67/km,

4.2,4 Estimated Service Life

The estimated service life of a pavement
is not necessarily the same as the design ]ifé
6f pavement. This may be due to $Some factors.
For example 1f the volume of traffic plying
the road increased tremendously or the road
lack proper maintenance, the pavement will wear
out gquickly. As a result the service life

won't be the same as the design life.

For the purpese of this project, the estimated

*

service 1life is taken as sare as the design 1life,
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4,2.5% Discount and Inflation rates

The debate among economiets still continues
regarding an appropriate rate for the discounting
of public investment streams. There 1s no
question that future values should be discounted,
Delayed benefits are not so attractive as
present benefits, and present costs are not so
attractive as delayed costs. Hence, the
discounting process is needed to reduce both

future benefits and future costs to present

values.

The rate of discount should reflect society®s
time preference for early benefits versus late
benefits., However an acceptable premise for
c¢hoosing discounting rate is yet to be tound.
Hence, iu the present work, discount rate has
been subjected to sensitivity analyses tovering

& reasonable spectrum than & single value,

As for inflation rates, no exact or standard
technique make allowance for future inflation,
nor indeed would such a technique be valid as
inflation rates cannot be predicted with any
degree of certainty., Hence in this work,

inflation rates are also subjected to sensitivity

analyses,
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4,2.6 Salvage Value

The salvage value is a function of
construction cost, analysis period and time of

last resurfacing. The cost is estimated as

(1-y/t) Srm (1 +ig)

— , a@s given in eguation 3.1.
{1 + R)

4.,2.7 Aralysls Period

The analysis period should correspond to the
functional design life of the pavement concerned.
Because gecmetric changes, reflecting advancing
technology, and highways typically require
reruilding, in many instances, in less than 30
years, lonhger analysis period would be unrealistic.

The period used in the study is 20 years.

By comparing the present value of cost for
design strategles over the same analysis period,
one will have a meaningful measure of the costs

of providing essentially the same benefit,

After obtaining all the assocciated costs
enumerated above, they are discounted, and then
added together to obtain the total disceunted

costs for each strategy.
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4,3 METHODOLOGY ADOPTED FOR OVERLAY DESIGN

For a meaningful cost estimation, & reliable
information on overlay thickness is required.
The overlay thickness design method adopted for

this study requires input from the fcllowing areas:-

{1) Deflection testing factor
(2) Condition survey factor
(3) Roughness testing factor
(4) Traffic data facter

{5) Material characterisation'factor.
4,3,1 Deflection Testing Factor

The cdeflection data is normally obtained in
the form of a profile for the length of the road
as shown in Appendix F, subsequently it is |
sub~divided intc sections that are reascnably

homogenous as in table 4.1,

Those sections for which measured characteristics

are not statistically different are combined to

form a homogenous section, beginning from one end

of the road to the other using students' t-distribution

test as in tables 4,2 and 4.3, The students?
t-distribution test is actually meant for testing

mean deflection of one section against another. For
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TABLE 4.1 TYPICAL SUB~SECTIONS IDENTIFIED FROM
DEFLECTION TEST RESULTS

LUB-
SECTIONS LENGIH (KM) Observations from Visual Surveys

of Section.

1 0~-2.3 Moderately cracked, few pot holes,
moderate alligator cracks and
roughness valuas,

2 ° 2,3-8.0 Moderately cracked and very low

| roughness values.

3 . 8.,0-13.10 Moderately cracked, few pot holes
and patches,

4 13.10-16.10 Moderately cracked, few pot holes

- and patches.

S 1€,10-19.10 Moderately cracked

6 19,10-27.60 Moderately crackea few pot holes
and patches. _

7 27.60-35-70 Severely cracked fragile pot holes.
and patches.

8 35.79-38,70 same a&s subsection 7

K 39.70-44,50 Severely cracked Fragile pot holes
and patches. (Km 41,00-42,00 TCOTAL
pavement failure, )

10 44,50-51.20 Severely cracked, sum of pot holes

and patches.,

11 51,20-55.00 Moderately cracked,
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TABLE 4.2 INITIAL ZONING OF DEFLECTION GROUPS,

SECTION  MEAN DEFLECTION STANDARD DEVIATION

DEFLECTION
1 0.916 0.292
2 0.823 0.146
3 0.903 0.241
- 0,832 0,194
5 0.741 0.127
6 0.865 0.210
7 0.977 0.217
g 0.989 0.219
9 1.023 0.310
10 0.893 0.203

& | 0.818 0.141
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TABLE 4,3 RESULTS OF STUDENT- T ANALYSIS USED FOR[
COMPARING SUBGROUPS,

SECTION Vs SECTION PASS/FAIL
| 2 FAIL

FAIL

PASS

& woN

FAIL
FATL t
FATL
PASS *

QO W o0 N ™ W
—
D W @@ N N WV W

p—
[
g
-
—
 +ri

G TABLE 4.4. FINAL DESIGN SUB-SECTIONS

CEFLECTION

DESIGN LENGTH (Km) DEFLECTION MEAN STANDARD
SUB-SECTIONS DEVIATION

1 0-2.3 0.916 0.292

2 2.3-8.0 0.823 0.146

3 8.0-16.1 0.809 0.132

4 16.1-19.1 0.741 0.127

5 19,1-27.6 0.865 0.210

3 27.6-44,5 0.097 0.227

44,5-51,2 0.893 0.203

8 51.,2-55.0 0.818 0.141
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each subsection, the design ceflection is obtained

anc also treated as an individual problem.

Fig. 4.1 shows the steps for selecting

design sections., Table 4.4 indicates the final

design sub-sections.

PREPARE
DEFLECTION
PROFILE

i

DIVIDE PROFILE
INTO

DESIGN SECTIONS

v

STATISTICALLY
COMPARE SECTION

(T-TEST)

Y

DETERMINE
DESIGN
DEFLECTIONS

‘1?

| corLect
DATA ON

MATERIAL
CHARACTERISTICS

L

DESIGN _ﬁJ

FI1IG.4.1 PROCEDURE FOR SELECTION OF DESIGN SECTIOANS
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4,3,2 Condition Survey Factor

The pavement surface.COndition survey performed
includes each of the distresses used as design
criteria (cracking, deformation and disintegration).
Cracking is classified using AASHTO severity method.
Rut depth measurements in the wheel path give an
estimate of the level-up thickness required on the

existing surface prior to overlay.

The following procedure is vused for computing

the composite condition survey rating scores (CCSRS).

(1) For alligator cracking, the total extend
_ ratings in each severity class are added together

over all sample sections.

12) For surface separations, potholes, psitches,
and drop off categories, the total extent ratings

in each severity class are added together over all

sample sections,

(3) For rut depth, the rut depth readings

over all the sample sectlons are averaged.

(4) For edge cracking, revelling, bleeding
and base shear, the total extent ratings in each
severity class are added together cover all sample

sections.
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In cemputing the composite condition survey
rating scere, the ratings for each sample
section are considered separately. Appendix E
presents the deduct values to be assigned to
each distress category, severity level and
extent rating. The appendix is used by locating
the deduct value for each extent rating assigned
to the distress severity level. For example, if
a section has c¢lass tIl alligator cracking
rated as 3, then from Appendix|{, the assigned
deduct value is 13, The deduct values for all'
distresses are obtained in the same_ﬁénner.-
These values are added together tc compute the

toctal decuct peints for the sample section,

The composite ¢concdition rating score is

computed as:

CCRSi = 100 - Dpi - aw -aw 4.1

where
CCRS1 = Composite ccenditiion rating score
for sarple section i, and

bp = Total deduct points for samrple

i

section i.

Table 4,5 gives the summary of the condition

survey results., The results are used in
conjunction with deflection measurement and
roughness measurement results for dividing the

road into rezsorakle horogencus sections.
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4.3,3 Roughness Testing Factor

Pavement roughness can be considered as the

distortions and variations of the road surface.

In this work, the device used for roughness
measurements is Maysmeter. The values from the
Maysmeter are converted to quarter - Car Incex, QI,
which is the stancard roughness scale used in the
world Bank's model for the prioritization of
highway maintenance and rehabilitation in developing

countries.

The QI values for each section are calculated
from empirical relationship developed by Elkins
and Hudson (1984), which are given in this work

as equations 4.,2a to 4.2c.

QI = 8.454 « 0.0703{mc) (For Maysmeter speed
of 30kph).
L} L B BN 4.2a

QI = 3.666 + 0.0881 (Mc) .. (for Maysmeter :
speed of H0kph)

- e LI N 4.2b

QI = 3.517 + 0.0902 (Mc) (for Maysmeter
speed of 80kph)

voe s 4.2¢c
where
Ql = Quarter - car Index
M = Mayereter reading or tre fielc

c
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The summary of the roughness values |§sg
presented in table 4.6, The results are used

for dividing the roads into reasonable sections.

4.3,.4 Traffic Data

Traffic information s required for the
design procedure in terms of 8,200kg ESAL.
The procedure for obtalning traffic information
is enumerated in section 4.5. Traffic prior to
everlay design (equation 3,16) is determined
for use in remaining life analysis, The
future traffic (equation 3,1%) is determined

also. Directional and lane distribution factors

are applied.

4.,3.4 Material Characterisation

Materials characterisation such as field CBR
and asphalt concrete dynamic indirect tensile
test results were obtained from Favement Evaluation
Unit (P.E.U) Kaduna., These results are used for -
calculating elastic moduli of the pavement
structure using basin matching (equation 3.10

to 3.12).

The basin matching is actually meant for

calculating the deflection basin that will match
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the measured deflecticn on the field. A
computer program called DYNFIT {(writtenm by FEU)}

is used in undertaking this task.

The results from the basin matching with
the structure poisson ratio are then used as

input into a computer program titled LAYER 5

for calculaticn of vertical compressive strain

on top of the subgrace (ez) and horizontal

tensile strain (eo) at the bottom of the pavement.
The program is actually kased on eguations 3.5 to
2.19. The computations are done feor a rahge of

overlay +thicknesses,

The values of e, and e, are, then used for
obtaining allowable 8,200kg ESAL applications

in equations 3.5 and 3.15.

4,3.,5 Overlay Thickness Selection

A plot of overlay thickness (range of overlay
thicknesses chosen above i.e., 50mm, 100mm, 150mm
and 200mm) versus ccrresponding allowable
traffic obtained above (l.e. eguaticn 3.5) is
made for each sub sectionsAppendix Al-A7 give

an illustration.
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The design traffic (values obtained from
equation 3.,19) is then entered into the figures

mentioned above projected vertically tc the

curve angd then horlzentally to the cverlay thickness
curve., The thickness obtalned is  gelected as the

overlay design thickness. The identical strategy

from each section are then combined using weighted
average in order to obtain a uniform thickness

throughout the whole length of the road.

4,4 METHODQLOGY ADOPTED FOR TRAFFIC ESTIMATES

In obtaining overlay thickrness, information on
traffic estimates are required. 1In undertaking the

study, two traffic estimates are macde. They are:-

(1) The total past traffic that have used
the pavement since last coverlay up to the beginning

of the analysis period.

(2) The future traffic which is going to use

the highway over the design period,

These  two estimates (equations 3,16 and 3.19 )}

require input from the following factors.

(a) The present average daily traffic
(b) Growth factor

(c) Lane cistribution factor

(d) Directional distribution factor

(e) The conversion factor to ESAL knoewn as
average €,200kg sirgle axle load ‘eguivalent

facter
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(f) Percent truck.

These factors are briefly reviewed as follows:

4.4.1 Present Average Daily Traffic (ADTP)

The ADTp is obtained on the field using
mechanical counter or counting carried out manually.
Then the total vehicular flow obtained over a

range of period is divided by the period to obtain

ADTp.
kxs
KM
» /
4,4,2 Gr : : WOl Ry,
4. owth Factor: o ‘ Mcg.}({r#f iy
. ) QM‘}OW E@q
| - Mlye Ry
The growth factor is given as (1+R)7,  1In ﬁ&};

order to.obtain the tota] future growth factor,
the growth factor is integrated with respect to
time and multiplied by 365 (number of days in a
year.), according to Hudson (1984}, Thus

future growth factor (FTG) = ({1+R)" « 1)/In (1+R)

where

R,n, In are as defined previously.

The total past growth factor is obtained by
dividing FTG by growth factor {(1+R)" in order to

back calculate the past traffic,
4.4.32 Lane and Directional Distribution Factors.

Both the total past traffic and future traffic

are distributed using lane anc directional
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distribution factors.

In the study, the two lanes of the . .
{(Kaduna--Abgja rcad) are assumed to have equal
number of vehicular flow. Therefore, the lane
distribution factor is taken as 0.5. From the
litebatures inclucing Elkins enc Hudson (icg4)
the directional distribution factor varies from

S+~ 0.B to 1.0. For the purpose of this study,

diréctional distribution factor is taken as 1.

4.4.4 Average B,200kg single axle load
equivalence factor. '

This is used for converting the traffic

estimates (past and future) to 8,200kg equivalent

single axle load applications, The procedure for

obtaining Average ESAL factor is as follows:
{a) The vehicle axle loads. are weighed on
the field (in kg).

(b} The weighed axle loads are divided by

8,200kg for mini buses, tippers etc

(c) The weighed axles loads are divided by

14,500kg for trailers, Luxurious bus etc.

{d) The average 8,200kg single axles loads
equivalent facter is determined by

summing the equivalence factor for all

axles and dividing by the total number of

trucks weighed 85 Qiver in eguation 2.6,
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The equivalency factor is simply a
convenient means for indexinc the wide
spectrum of actual axle lcacds to a selected
valve, The selected value for this stucy

is 8,200kg eguivalent single axle load,

After obtaining these parameters they are
used as input into equations 3.16 and 3.19 for

obtaining past traffic and future traffic,
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CHEAPTER §

ANALYEIS AND DISCUSSION OF RESULTS

£.0 PREAMBLE

As discussed in chapter 4, this work has two
main components namely:
(a) Overlay thickness design

{(b) Economic appraisal of the overlay design
strategies,

This chapter highlights the results obtained from

these two components.

The strategies are obtained by designing overlay
thic#hess corresponding to life spans of up to 20
years in incremental steps of 2 years., Therefore a
total number of 10 alternatives are involved. The
detailed appralisal of these overlay strategies were
carried out. The first strategy has & life span of
two years, Therefore a total number of ten coverlays
are required within the analysis period, while the
last strateqgy has a life span of twenty vyears, as a
result only one overlay is required within the
analysis period, The other strategies fall in
Letween these two extremes,

Figures 5.1A and 5.1B illusttate stratecies 1
and 10 expected performance profiles.

Tabtle 5.1 shows the number of cverlays reguirec

for each stratecy.
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QVERLAY

SERVICEABILITY
(P51 )—P

PRESEST
INDEX

1983 1999 2008
DESIGN PERIOD (YRS)—
FIG. S1A

PRESENT SERVICEABILITY
INDEX ([ PS)) ——>

1983 2009

DESGN PERIOD (YRS )—>
FIG. 5B

FIGS. 5.1A and 5.1B. EXPECTED PERFORMANCE PROFILES
FOR STRATEGIES 1 AND 10.
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TABLE 5,1 NUMBERS OF OVERLAYS REQUIRED FOR EACH
STRATEGY AND THEIR YEARS OF CONSTRUCTION.

DESIGN NO OF OVERLAYS YEARS OF OVERLAY
STRATEGY
REQUIRED CONSTRUCTION
1 10 0, 2, 4, 6, 8, 10

12, 14, 16, 18

2 5 0, 4, 8, 12, 16
3 4 o, 6, 12, 18

4 3 0, 8, 16

5 2 0, 10

6 2 0, 12

7 2 0, 14

8 2 0, 16

9 2 0, 18

10 1 0

NB O-YEAR IS THE YEAR OF INITIAL OVERLAY
CONSTRUCTION FOR EACH STRATEGY.
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5.1 OVERLAY DESIGN RESULTS

The results under this section consist of the

following:-

~{a) Deflection, roughness and ccndition survey
results
(b} Basin matching results
(c) Traffic estimate results

{d} Overlay thickness design results

5.1.1 Deflection,roughness and Conditicn Survey
results

These results are presented in tables 4.1 to 4.6.

The results show that section €& has the highest
mean deflection value while sectlion 3 has the lowest
value., Sections 2 and B have almost the same value,
Also the roughness measurement result incdicate that
section 1 has the highest value of 51,90 while
section 8 has the lowest value of 17.40 followed
by section 2 with value of 17.80. The conditicn
survey result show that section 2 1Is the kest with
the highest value of B3.6% followed by section 8
with value of 81,6% while section & hes the least
value of 62,5%, Theze results confirrm that the

best section 1s section 2,
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TABLE 5.2: DESIGN SECTION MODELS MODULUS OF
ELASTICITY (MFa) FROM BASIN MATCHIN

SECTION OVERLAY SURFACE BASE SUB-BASE SUB-GRALE

1 2,76 0.48 0.34 0.24 C.21
2 2,76 1,25 0.24 0.24 0.23
3 2.76 1.39 0.28 0.21 0.20
4 2.76 0.72 0.31 0.25 0.24
5 2.76 0.91 C.34 0.25 0.18€
6 2.76 0.94 0.32 0.19 0.14
7 2.76 1.72 0.234 0.21 0.14
g 2.76 1.30 0.31 0.24 C.21

POISSON KRATIO

=)

0.35

L |
.
£

La?
£

0.35 C.35



5.1.2 Basin Matching Results

The basing matching result is presented in
table 5.2. This result confirm that section 2 is -
the strongest with high values of asphalt modulus
of elasticity, base modulus of elasticity, sub-base
modulus of elasticity and sub-grade modulus of
elasticity. While section & is the worst section
with high value of asphalt modulus of elasticity
and low values of base, sub-base and sub-grade
modulus of elasticity. The cther sections fall

in between these two extremes.

5.1.2 Traeffic Estimates Results

Traffic estimates in terms of B200kg
Equivalent single Axle load are presented 1in

tables 5.3 to 5,5.

The number of equlivalent single axle load
applications increase with the design periocd., A
growth rate of 3% is used even though the vehicle
growth rate in the country at present is most
probtably smaller, The growth rate of 3 is used

in order not to under design.
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MINIPUSES

LEGEND TO TAELES 5.3 and 5.4
VEHICLE VEHICLE
CLASS CATEGORY
- [ (A5 TALIS LANDROVERS PZKU®S
P <)
CLASS
CLASS LORNES. TIFFERS
MAHMY WABINS
CLASS LeR s
TIPPERS
|
TRACOR
CLESS 188/ FRS !
TRAC TOR
CLASS TREILERS |
A —
“TRaCTOR
AL
CLASS C TRANLTRS a.
CLASS

LORRIES
TRAILERS |




TABLE 5. 3:

YEMICLE pquivaLENcE
FACTOR
CLASS 2 0,00
CLASS 3 0.19
CLASS 4 0.00
cass 5 0.00
CLASS 6 6.27
cLass 7 D0.68
cLass 8 0.00
OTHERS 0.00
CVERALL 3.901

€5

AVERAGE TRAFFIC EQUIVALENCE FACTOR
(FAvg) =

3.8
(1,02 (L3710 %) /Ny

DIRECTION OF TRAVEL = KAD - ABUJA

NUMEER OF STANDARD

TRUCKS

0.00
9.0
0.0
0.0
17.0
2.0
0.0
0.0
2.8

DEVIATION

0.00
0.37
0.00
0.00
5.76
0.31
0.00
0.00
5.35

MAXTMUM
INDIVIDUAL
FACTOR.
0.00
1.15
0.00
0.00
15.57
0.90
0.00
0.00
15.57
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TABLE 5.4 AVERAGE TRAFFIC EQUIVALENCE FACTOR
(FAvg)

NA
. 3,6
- (1.02 (Lj/Ls) ) /Ny

J=1
DIRECTICN OF TRAVEL = ABJ - KAD
AVERAGE

VEHICLE EQUIVALENCE NUMBER OF STANDARD MAXIMUM
CATEGORY

FACTOR TRUCKS DEVIATIOR INKDIVIDUAL
FACTOR.
CLASS 2 0.00 0.00 0.00 0.00
CLASS 3 1.30 16,00 1.73 6.36
CLASS 4 0.00 0.00 0.00 0.00
CLASS 5 0.00 0.00 0.00 0.00
CLASS 6 11.38 6.00 15.37 41.15
CLASS 7 0.00 0.00 0.00 0.00
CLASS 8 0.00 0.00 0.00 0.00
OTHERS 0.00 0.00 0.00 0.00



LEGEND TO TABLE 5.5.

= DESIGN PERIOD n (yrs.)

= GPOWTH RATE i (%),

FUTURE GROWTH FACTOR (1+1)"

= FUTURE TOTAL GROWTH FACTOR 365((1+R)n-1)/1n(R+1)

= ACCUMULATED FUTURE TRAFFIC 36% ADT (1+PJn

M m o O o »
"

= TOTAL NO OF TRUCKS EXPECTED OVER DESIGN PERICD

IN BOTH DIRECTIONE, Qt = COL 4 x ADT x Pt

TOTAL KOG OF TRUCKS IN DESIGN LAKNE, Qd =

G}
"

Gt x DD x LD

H = DESIGN NO OF E8200kg ESAL APPLICATIONS

PAST GROWTH FACTOR 265 (1+i)"-1 ='1377
1 (R+1) {1+R)"

Y

G X bD x Lbx P

AV

PAST NO OF ESAL (Np) = 1377 x ADT x F ¢

= 1,238105.
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5.1.4 Overlay Thickness Design Results

The overlay deslign thickness results are
summarised in table 5.6, while computer layer 5
results are summarised in table 5.7 and the
programme presented in appendix g. The results
show that the strongest section 1s section two
with highest remaining fatigue life (93,4%).

Alsc most of the strategles for this section give
low overlay thickness values {(i.e. below the
upper boundary or 200mm). The next section trat
gives reasonable results is section 8 followed by
sections 4, 5 and 3 with the remaining fatigue
lives of S0%, 87%, 81% and 75% respectively. The
results indicate that the worst secticn is secticon
siXx with negative remaining fétigue life and as a
result it needs total reconstruction, The other
sections fall within these two extremes, Infact,
sections 1 and 7 may ke considered for total
reconstruction as the coverlay thickness obtained.
for most of the strategies for these sections are
above 200mm, Besldes, {t is more econormical to
doe total reconstruction than to apply overlay
thickness above 200mm, Alsc it might not be
necessary to aprly overlay to sections two anc
eight because of their high values of remaininc
fatigue lives, condition survey results and low

rouchness values,



TLELE S.6: Summary of Overlay Cesign thickness

SECTION; 2 3 4 5 7 8 WEIGHTED DP
AVERAGE
LeNoTH 2.3 5.7 8.1 3.0 8.5 16,9 5.7 3.8 (wx)
115 50 85 S0 50 88 50 68 2
145 50 94 56 83 125 50 86 4
175 55 118 83 100 150 81 107 6
192 75 137 96 118 167 94 125 8
202 87 146 106 131 179 100 135 10
215 94 160 115 140 192 115 147 12
231 106 165 125 150 206 119 157 14
240 115 183 133 163 217 133 169 16
242 125 188 138 171 225 137 176 18
250 135 200 146 188 239 150 188 20
*DP = DESIGN PERIOD (YR)
TABLE 5.7.SU#MARY OF COMPUTER LAYER 5 RESULTS
FATIGUE
SECTION AVERAGE PAVEMENT VERTICAL STRESS ‘i?:é";“s
THICKNESS ABOVE = DUE TO WHEEL '
SUB-GRADE {mm) LOAD (P,)
1 315.47 119.08 43,33
2 474,98 64,47 93,38
3 40€.65 £6.33 74.99
- 393,45 101,29 86,59
3 40€,21 27,02 80, 5¢
6 221,22 156467 - ©,34
7 432,82 67.71 63,74
B 4€35:,2C €€.47 8O .64
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For the purpose of this study the overlay
thicknesses obtained from the déﬁign curves (Appendix
A} are vused directly in obtaining the total costs

in order to make a reasonable compariscn among the

alternatives.

The results indicate that the thicker the
pavement structure the lower the vertical stress

due to wheel load as expected,

5.2 ECONOMIC APPRAISAL OF THE STRATEGIES

The econoric appraisal is based on the

sensitivity analysi®ls of some total cost components
namely: -~

({a) PMaintenance cost

{b) Discount rate
(c) Delay costs during period of overlay
construction

(d) Labour, Engineering and Administrative

costs.

The influence of these components on the total
ctosts versus design period or alternative
strategies indicate tre same general pattern,

Typical results are presernted in Figs, 5.2 to
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From the results, the total costs generally
decreases with the design period, This clearly
indicates trat the higher the number of overlays
applied the higher the total costs and vice-versa,
Alternative 1 which bhas the highest number of
cverlays (10 nos) has the highest total costs per
km while the reverse is the case for strategy 10
which has the fewest number of repeated cverlays

during the entire analysls perlod.

The effect of analysis period on total costs
1s definitely more pronounced for strategies
involving short design periods, For example, the
difference between the total costs of alternatives
1 and 2 which have degign periods of 2 and 4
years respectively is akbout 76%, while the
difference between the total costs of alternatives
7 and 8 which have design periods of 14 and 16
years is about 7%. This relative difference
reduces as one moves from strategy 1 to strategy
10 irrespective of the sensitivity analysis
undertaken for the various components of the

total costs,

From the graphical presentation of total
costs versus design periopc, ac presented in
figures 5.2 to 5.6, the total costs for

strategies 8, ¢ and 10 are almost the sare,
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The effect of the different components of the
total costs are briefly oiscussed in the subseguent
sections. Surmaries of the different components
of the total costs are given in Tables 5.9 to

5.13, for the various cases considered.

5.2.1 Maintenance costs

Maintenance costs have appreciable effect on
the total costs as can be seen in fiqure 5.2 and

tables £,9A to 5.9D.

Although the effect of maintenance costs on
the total costs versus deslgn period glves the same
pattern, but decreasing the va]ﬁe cf maintenance cost
conStant, P to K190,000-mm/yr reduces the total
costs by about 18% whi]elincfeasing the value to
NE0O,000-mm/yr increases the total costs by
about 35%. As expected, the higher the amcount of
maintenance costs the higher the total cests,
Ancther 1lmportant trend noticeable in the results
is that the maintenance costs decreases as the
number of overlays appliecd during the analysis
period reduces., This is however reasonable in
that fewer cverlays imply thicker thickness of
initial overlay. The implication then is that the
thinner the initial overlay (ancd of course

subsequent ones), the higher the mainterance costs

required,
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5.2.2 Discount Rate

Discount rate is used for discocunting future
expenditures to present cday value. The effect of
discount rate on total costs is highlighted in Fig.
5.3. The higher the discount rate the lower the
total costs. For example cecreasing the disccunt
rate from 20% to 10% will increase the total ccsts
by about 75% while Increasing the value to 30% will
decrease the total costs by about 28%. Tables 5.10A

to 5.10C shows the effect of the discount rate on

tctal costs.
542.3 Delay costs during overlay

The effect of delay costs on total cests is
jllustrated in fig. 5.4. The corputations for this

effect are shown in tables 5,11A to 5,11L,

Frcm the results, the delay costs have rather
minimal effects on the total costs., For example,
increasing the value of the constant x In delay
cost eqguation 3.4 from keO/mm-yr to K400/mm-yr

increases the total costs by just about 3%.

Indications from the results presented seem to confirm

that cdelay Cousy increases with the frequency of
overlays ac well as the thickness of overlay involved

in each construction.
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5.2.4 Tnitial Overlay Construction Costs

The effect of initial corstruction costs are

indicated in tables 5.9 to 5.12,

From the results, the higher the overlay
thickness the hicrer the initial construction costs

and ccnsequently the higher the tctal costs.

$.2.5 Engineeringc, Labour and Adninistrative Costs

These costs exhibit about the sare pattern as
the other components as regards effect of cesicn
periocd on total costs. The general pattern is
illustrated in fig. 5.5. 1Indication from the
ficure is that the higher the percentace of
construction cost used for encineering, labour &nd
administrative costs, the higher the total costs,
These costs decrease with the analysis period,

The effect is mcre pronounced at the early stage
of analysis periocc than tcwards the end of the

analysis perioc¢. The computation of effects are

shown in tables 5.12A to 5.12D.

5.2.6 Inflation Rates

The effect of inflation rates is illustrated in

ficure 5.€ while tre relevarnce cormputaticns are
shown in tables 5,23A to 5.230. A gereral trerc

is that the higher the inflation rate the higher
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the total costs, Also as inflation rates increase,
longer periocs cenerally are more attractive. The
effect of inflation rates on total costs is more
pronounced at higher inflation rates. For example
decreasing inflation rates from 10% to 0% will
decrease the total costs by about SE% while
increasing it to 20% will increase the tctal

costs by about 1E5%. This is quite a wice gap.
This shows that the effect of inflation retes on

total costs is very great,

§.3 Selection of COptimum Alternative Strategy.

Figures 5.2 to 5.6 show graghically the

[ s

relationship between the total costs and cesign
periods., ©On the basis of discounted total costs,
strategies 8, 9, and 10 are almcst the sane,

whereas strategy 1 is the most expensive alternative,
consequently, either of these trree alterratives
(i.e. alternatives 8, 9 and 1C) might be chosen.

But because alternative 10 has a high average
performence thrcughout the analysis pericc couple
with its minirLr total costs, it should have

lower costs anc¢ this alternative micht be the

- Y
preferable alterrative, :g | 3 O 77




102

CHAFTER SIX
CONCLUSION AND RECOMNENDATIONS

From the analy®<C results, graphical
presentations, field measurement ancd lLakoratory
cbservaticns, the following conclusions and

recommendations can be made.

6.1 CONCLUSIONS

(1) Based on the econcmic appraisal carried
out in this work, the least cost cdesign shifts its
position several tirmes. Alternative 1 is coptimal
wken only initial construction cost is consicerec,
while alternative © beccres coptiral when only
salvage return cost is consicered. Wwhen considering

only maintenance or extrs costs of time delay

alternative 10 beccmes optimal.

(2) It is ncre eccnorical to cdesign overlay
that will last for the whole analysis period

than applying cverlays cduring the aralysis period.

(2) Maintenance cost has a creat effect on
total costs* The effect is more prcnouncec on

thinner overlawvs.

A 4 ™ 1 = - = - - ) - - B -
(4) Deley cost Zdurinc constructlicr has

minimal effect on the total ccstsarc th)s cost

increaseswith the ycar of applicatizn c¢f overlay.

T



(5) Increase in bothr cdisccunt and inflation
rates have appreciable effect on the total costs
The higher the disccunt rate the lower the total

ccstywhile the reverse is the case for inflaticn

rate.

(€) The salvage return cocst has an appreciable
effect on the total costs., The effect is mcre

proncuncec on thicker overlays.,

(7) It ic advisable eccncrically not to

design for overlay cesign periocc below 9 years,

(g) The design method adcpted in this work
incorporates field measurement results, Laboratory
measurement results and treafflic esti~ztes, Thisg,
through the use of this method, & mcre economical
total cost may result than with other traditional

approcaches to overlay desiagn,

(¢) Cn the basis of field reasurerent results,
Laboratory results, Basin matcring results arnd
overlay thickress cesign results, the best section
is secticn 2 (ks 2.3-E.0) while the worst section
is section 6 (kms 27.6-44.%)., *rlsc, section 6

needs total reconstructicr while sections 1 anc

7 might be corsidered for reccorsiructicn toc.
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(10) The vertical stress cdue to wheel

load cecreases as the paverent structure thicknecss

increzses.

(112 Judging from the perfcrmance of each
alternative throuchout the analysis period anc
effect of each cost corponent on teotal cests, it
can be concluded that the 10th alternative is

the best strategy.

(12) An econcmic evaluation of the type done
in this work provides a tasis for making a
management decision to select the best strategy,
which in this case is alternative 10, Hcwever,
cther factors in acditicn to economic suct. as
past experience with a particular alternative,
preference of one material type to ancther,
expected availability of initial capital funds,

anc so con, may be used to make corprehensive

judcement.



(1)

(4)

(5)
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RECCMMENDATIONS

From this study, it is reccrmrended that:

The menitoring of rcad pavement performance

in the country be carried out at least once
in every two years, in order to obtain a
ccncrete decision as regards cost, performarce
and serviceability measures for future

plarning.

Econcmically, cesigners should design cverlays
for a period of 14 or more years, At a design

period of 9 years or less the total costs of

overlay are higher,

vesigners srould consider the effect of
tctal cost components on overlay thickness

while designing.

The mocel cevelcped in this work can ke
used for the estimation of total costs prior
to the time of carrying cut pavement coverlay

projects.

Further work in this area car. alsc be done

using the aprlication of linear programming.
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APPENDIX A

OVERLAY DESIGX CURVES
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* APFENDIX B
APPERLTIY R-TYPICZ] FPOILICK EATIO ¥V4TTUES
!apterial Gennral Range Rearks Typical Valure

Portland {anent

Concrete 0.10 - 0.45
Asphalt Concretef 0.15 - 0.45 Hipghly dependeni upm tesperature; 0;35
Asphalt Treated . use low value (0.15) for cold
. Bases ' temperatures (less than 30°F) and
high value (0.45) for warm
. poverxmt {1209F plus).
Conemit Stabilized 0.15 - 0,30 Deprec of cracking in stabilized G.20
Bisek layer tends to incresse vajue
towards 0,30 fran sound {erack
free} value of 0,15
Grarwlar Bsee/ 0.30 ~ 0.40 Usc lower value for crushed 0.3%5
Subbase rmaterial and high value for
i : wyprocessed rounded gravels/
: sands
Subgrades .30 - .50 Vulue dependent upon type of 0.40

sulyrade soil. For cohesiimless
so1ls, use valuwe near €3, A
vulue of 0,50 15 approashed lor
very iastic ciays feonsive

seilsy, .
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APFENDIX Fo =
STANDARD NORMAL DEVIATE VALUES CORRESPONDING

TO SFLECTED LEVELS OF RELIARILITY.

FELIABILITY

— _..__E__- . STANDARD NORMAL DEVIATE
50 0.000
60 0.253
70 0.524
75 0.674
80 0.841
85 1.037
20 1.282
91 1.340
92 1.405
93 1.476
94 1.555
85 1,645 * USFD
26 1.751
97 1.681
98 2.054
99 2.327
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APPENDIX G. MATERTAL CHARACTERISATION RESULTS.

. PIT NO  LAYER ' IN-SITU MODULUS  REMARK
_ cer x (MPal .
BASE T - -
1 SUB-BASE 53 . SOTLCEMEIT
SUB"GRPADE 43 0. -13 n
PASE - _ "
2 SUB-EASE 16 0.21
QUR-GRADE 30 0.18

o
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