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ABSTRACT

Failure of asphalt pavements is generally attrimutto fatigue cracking and rutting deformation, cadsby
excessive horizontal tensile strain at the bottdnthe asphalt layer due to repeated traffic loadamyd excessive
vertical compressive strain on top of the subgrdde to densification and shear deformation of satdgr In the
design of asphalt pavement, it is necessary toshiyate these critical strains and design agaih&m. This study
was conducted to develop a simplified layered mlastalysis and design procedure to predict fatigunel rutting
strain in cement-stabilized lateritic base, lowwwole asphalt pavement. The major focus of the stadyto develop
a design procedure which involves selection of perg material properties and thickness such thagde and
rutting strains developed due to traffic loadingawithin the allowable limit to prevent fatigue cking and rutting
deformation. Analysis was performed for hypothétisphalt pavement sections subjected to traffécllasing the
layered elastic analysis program EVERSTRESS. Rieelicegression equations were developed for thegliption
of pavement thickness, fatigue (tensile) strairolweasphalt layer and rutting (compressive) straim top the
subgrade. The regression equations were used telae\a layered elastic analysis and design toob¢pam)
LEADFlex. The average ratio of the LEADflex-caltathand measured tensile strains were found to.0é and
1.02 respectively. The procedure was validateddmparing predicted (calculated) fatigue and ruttistgains with
measured field data using linear regression analy$he coefficients of determinatiorf\®ere found to be very
good with B of 0.999 and 0.994 for fatigue and rutting straimespectively indicating that LEADFlex is a good
predictor of fatigue and rutting strain in cemem#silized lateritic base, low-volume asphalt pavaine
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INTRODUCTION

Since the early 1800’s when the first paved higtsvagre built, construction of roads has been onrtiease as
well as improved method of construction. The needfronger, long-lasting and all-weather pavembatsbecome
a priority as result of rapid growth in the autontelraffic and the development of modern civilipat Since the
beginning of road building, modelling of highway damirport pavements have been a difficult task. eseh
difficulties are due to the complexity of the pawerh system with many variables such as thickneg® bf
material, environment and traffic.

Road failures in most developing tropical countri&e Nigeria have been traced to common causeshwban
broadly be attributed to any or combination of gedtal, geotechnical, design, construction, andnieaance
problems (Ajayi, 1987). Several studies have beeried out to trace the cause of early road faslustudies were
carried out by researchers on the geological (Ajag87), geotechnical, (Oyediran, 2001), ConstauctiEze-
Uzomaka, 1981) and maintenance (Busari, 1990) factdowever, the design factor has not been giataate
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attention. In Nigeria, the only developed desigethmd for asphalt pavement is the California BepRatio (CBR)
method. This method uses the California BearingoRad traffic volume as the sole design inputse Tiethod
was originally developed by the U.S Corps of Engiseand modified by the British Transportation Resk
Laboratory (TRL, 1970), it was adopted by Nigersacantained in the Federal Highway Manual (Highwinual-
Part 1, 1973). Most of the roads designed usingdB& method failed soon after construction by eittatigue
cracking or rutting deformation or both. In the@searches (Emesiobi, 2004, Ekwulo et al , 200@praparative
analysis of flexible pavements designed using tldiferent CBR procedures were carried out, reislicated that
the pavements designed by the CBR-based methogsare to both fatigue cracking and rutting defdiora The
CBR method was abandoned in California over 50 sy@go (Brown, 1997) for the more reliable mechanist
empirical methods (Layered Elastic Analysis or feiiitlement Methods). It is regrettable that this mlethod is still
being used by most designers in Nigeria and hagltegsin unsatisfactory designs, leading to frequearly
pavement failures.

In Pavement Engineering, it is generally known ttieg major causes of failure of asphalt pavemerfatigue
cracking and rutting deformation, caused by exeessorizontal tensile strain at the bottom of thptwlt layer and
vertical compressive strain on top of the subgidae to repeated traffic loading (Yang, 1973; Zem Pell, 1960;
Dormon and Metcaff, 1965; NCHRP, 2007)). In theigie®f asphalt pavement, it is necessary to ingasti these
critical strains and design against them.

There is currently no pavement design method ireNégthat is based on analytical approach in wipicperties
and thickness of the pavement layers are seleatgdthat strains developed due to traffic loadiaghdt exceed the
capability of any of the materials in the pavemandrder to withstand the expected traffic.

Pavement structural design for low volume roadssioars two types of pavements; asphalt pavemeht agiphalt

concrete surface and base course, and jointed gdaicrete pavements (NCHRP, 2004). The Nationab€raive

Highway Research Program (NCHRP, 2004) definesuolume roads as roads that can withstand up to0@80,
Equivalent Single Axle Loads (ESAL) as practicakimaum within a design period of 20 years.

As a result of the high abundance of laterite ige¥ia and most developing countries in Africasitiidely used as
base material for construction of cost effectivav-lolume asphalt roads. However, due to lack ofppro
consideration for the qualities and properties atkrite used as road base material, the roadssdémih after
construction. It is therefore necessary to adetyatearacterize such materials and improve thealiguwhere

necessary. The purpose of this study therefore wetrelop a layered elastic design procedure tdigireritical

horizontal tensile strain at the bottom of the adpbound layer and vertical compressive straintam of the

subgrade in cement-stabilized low volume asphaleRent.

MATERIALS AND METHODS

The method adopted in this study is to use theréayelastic analysis and design approach to deelomcedure
that will predict fatigue and rutting strains innoent-stabilized lateritic base, low volume asplpatvement. To
achieve this, the study was carried out in theofeihg order:
1. Characterize pavement materials in terms of elastidulus, CBR, resilient modulus and poison’s ratio
2. Obtain traffic data needed for the entire desigiople
3. Compute fatigue and rutting strains using layerk$tie analysis based the Asphalt Institute respons
models.
4. Evaluate and predict pavement responses (tensd@stompressive strain and allowable repetititms
failure).
5. Develop simple regression design equations to prgdivement thickness, maximum fatigue and rutting
strains such that the strains are within allowdibiés.

The procedure was implemented in softwdieADFleX in which all the above steps are performed autmaildy,
except the material selection.

Traffic estimation was in the form of Equivalenh§ie Axle Load (ESAL). The elastic properties (liest modulus
for subgrade, elastic modulus for base and sublaskPoisson’s ratio) of the pavement materiauaes as inputs
for design and analysis. The resilient modulushimimed through correlation with CBR. The layeréabstic analysis
software EVERSRESS (Sivaneswaran et al, 2001) wgoged in the analysis.
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Pavement Material Characterization Procedure

Material characterization involves laboratory testsurface, base and subgrade materials to deteriminelastic
modulus of the asphalt concrete, elastic modulub®itement-stabilized lateritic material and restl modulus of
the natural subgrade.

Asphalt Concrete Elastic Modulus

The test specimens were prepared using the Marstiteltia (Asphalt Institute, 1997) and compactedooth faces
with 35, 50, 75, 100, 125 and 150 blows using amamfalling freely at 450mm and having a weightdkg. The
elastic modulus of the asphalt concrete was deteminiusing the Witczak model (Christensen, et al3200

equation 1.0 at frequency of 4Hz.

V,
logE = —1.249937%0.029232,,,— 0.00176P,,,)> — 0.00284 P, —0.05809¥, —o.sozzos(\%ﬁ\/)
beff a

, [3871977-0.002P, +0.003958, - 0.000017P,,)* + 0.00547,,] 10

1g(~0.7919691-03935320g7)

Where

E = Elastic Modulus (Psi)

n = Bituminous viscosity, in #®oise (at any temperature, degree of aging)
V. = Percent air voids content, by volume

Vet = Percent effective bitumen content, by volume
Pss = Percent retained on 3/4 in. sieve, by tatgregate weight(cumulative)
Pss = Percent retained on 3/8 in. sieve, by toggregate weight(cumulative)
P, = Percent retained on No. 4 sieve, by totgtegate weight(cumulative)
Pxoo = Percent retained on No. 200 sieve, by totgtegate weight(cumulative)

The design asphalt concrete elastic modulus of OB was determined by developing a regressiontiequa
relating the compaction levels and percents aidvoin one hand and the percents air voids andcetastiulus on
the other hand, from the relationship the desigstal modulus of 3450MPa was obtained at perceraagmids of
3.04% and compaction level of 90 blows.

Base Elastic Modulus Determination
The base material used in the study is cementenldlaterite of elastic modulus of 329MPa. The @astodulus
was determined by correlation with CBR as presemtedjuation (Ola, 1980).

E(psi) = 250(CBRY? (2.0

To obtain a cement treated laterite of 80% CBRy {fiBR test were carried out at varying cement eotst The
elastic modulus of 329MPa was obtained at CBROd5% approximately 80% CBR.

Subgrade Resilient Modulus Determination

The procedure for the subgrade resilient modultsrdenation was in accordance the AASHTO Guide (MA®,
1993) in order to reflect actual field conditiorihe subgrade samples be collected for a periodvelve (12)
months in order to accommodate the effect of sedsabgrade variation on resilient modulus of satdgs. In this
study, samples were collected from January 201&eeBber, 2011 (four samples per month) and avesisygrade
CBR for each month was determined. The resiliendwhes (M) was determined using correlation with CBR as
shown equation 3.0 (HeuKelom and Klomp, 1962).

M, (psi) = 1500 CBR (3.0)
The average CBR was determined as = 2.94%

The study approximates CBR of subgrade to the seareole number, hence the CBR of the subgradakisntas
3%.

Poison’s Ratio
In mechanistic-empirical design, the Poisson’sosatif pavement materials are in most cases asstatiesr than

determined (NCHRP, 2004). In this study, the Paissoatios of the materials were selected fromdgpivalues
used by various pavement agencies as presentatbiature (NCHRP, 2004; WSDOT, 2005).
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Pavement Material Properties

Asphalt concrete elastic modulus E = 3450MPa

Cement-stabilized base elastic modulus E = 329(Bd&R = 79.5%)

Subgrade Resilient Modulus Mr = 31MPa (3% soakB&RC

Poison’s Ration: Asphalt Concrete — 0.35, StaldliBase — 0.40, Subgrade — 0.45

Traffic and Wheel load Evaluation

The study considered traffic in terms of Equival&mgle Axle Load (ESAL) repetitions for a desigeripd of
20years (NCHRP, 2004). Traffic estimation is ie@clance with the procedure contained in the NageHighway
Manual part 1(Nanda, 1981). For the purpose ofghidy, three traffic categories; light, medium dnecvy traffic
as presented in Table 1.

Table 1: Traffic Categories (NCHRP, 2004)

Traffic Expected 20 yr Description of Expected Traffic A.C. Stabilized Base
Category Design Surface Thickness
ESAL Thickness (mm)
(mm)
50,000 ESAL max — typical of local streets or loalume country
Light 1x10 -5 x 10 | roads with very few trucks, approx. 4-5 per dastfiyear. 50 >50
250,000 ESAL max— typical of collectors with fewteacks and
Medium 5x 10‘0; 2.5x | buses, approx. 23 per day, first year 75 >75
1
750,000 ESAL max. — typical of collectors with sfigrant trucks
Heavy 25x 1%5— 7.5 x| and buses, approx. 70 per day first year. 100 >100
1

Loading Conditions and Configuration

The study considered a three layer pavement mathel.static load (P) applied on the pavement surieieg the
EVERSTRESS program (Sivaneswaran et al, 2001) dpedl by the Washington State Department of
Transportation (WSDOT). The geometry of the loasbi@lly specified as a circle of a given radiusy the load on
the pavement surface in form of Equivalent SingikdeAload (ESAL). The loading condition on pavemeras
obtained by determining the critical load configioa. The critical load configuration was determdnby
investigating the effect of single and multiple whéads on the tensile strain below asphalt cdaciayer and
compressive strain at the top the subgrade. Tcstigage this, the pavement system was subjectddde different
loading cases. The first one was single axle witlgls wheel, the second was single axle with duatels (four
wheels), and the last one was tandem axle with dinglels (eight wheels). Each axle was 80kN as asgum
design. The pavement analysis was carried out ISMIiSRSTRESS program. From analysis, the criticalllng
condition was determined to be the single, axleglsiwheel since it recorded the highest maximuesses, strains
and deflections. The LEADFlex pavement materiabpaaters are as presented in Table 2.

Table 2: LEADFlex Pavement Load and material parameers

Wheel Load (kN)| Tire Pressure Pavement Layer Thickness = Pavement Material Moduli Poison’s Ratio
(kPa) (mm) MPa)
A.C. Surface| Base layer| A.C Surface| Base| Subgrade| A.C Surface| Base Subgrade
T T E; E; Es
40 690 50 >50 3450 329 10-103 0.35 0.40 0.45
40 690 75 >75 3450 329 10-103 0.35 0.40 0.45
40 690 100 >100 3450 329 10-103 0.35 0.40 0.45

Layered Elastic Analysis and Determination of Minimum Pavement Thickness

The minimum thicknesses of cement-stabilized bagerlwere determined based on pavement responsg the
Asphalt Institute response model (Asphalt Institd®82). The required minimum base thickness wéerchined as
that expected traffic and base thickness thattexsilh a maximum tensile strain and allowable ri¢ipes to failure
(N;) such that the damage factor D is equal to unitypsented in Table 3 for 31MPa subgrade resitieadulus
and light traffic category, three (3) trial anakysvere carried out on hypothetical pavement sestioneach traffic
repetition and base thickness to determine theioua damage factors in terms of fatigue and rgtti& total of
fourty eight (48) trial pavement sections were grad. TheEVERSTRESS (Sivaneswaran et al, 2001) program
was used to apply a static load on a circular giédeed on a single axle single wheel configuratidntire load of
40kN and pressure of 690kpa (AASHTO, 1993) was #tbjin the analysis. Non-linear regression equation
relating the trial base thickness and damage fagtoe used to establish the minimum base thickrexpsired to
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withstand the expected traffic repetition, this wasained at damage factor of D = 1 with the ragttimiterion being
the controlling criterion. The same procedure wiapéed for other subgrade moduli and traffic catiego

Layered Elastic Analysis of LEADFlex Pavement Seatn

The minimum pavement sections were futher analyaebtain fatigue and rutting strains for each satdg moduli
and expected traffic using the EVERSTRESS (Sivanesw et al, 2001) program The result of the pavémen
responses are presented in Table 4 for 31MPa sibgnadulus and light traffic category.

RESULTS AND DISCUSSION

Development of LEADFlex Regression Equations

The pavement responses for the various trafficgoaies presented in Tables 4a, 4b and 4c were tosddvelop
nonlinear regression equations relating expectdfidrand pavement thickness; pavement thicknedsnaaximum
fatigue(tensile) strain; and pavement thicknessraagdimum rutting (compressive) strain. The regm@ssiquations
were developed based on the nonlinear generalieqgaat.0 and 5.0 using the SPSS program (SPSS008).2The
relationship between expected traffic and paventleickness were best fitted using equation 4.0 wthilet of
pavement thickness and horizontal tensile (fatiggiegin; pavement thickness and vertical compresgiutting)
strains were fitted using equation 5.0.

y, = aX (4.0)
y,=aln(x) + b
(5.0

Where, y = expected traffic (ESAL)
y = tensile or compressive strain €)0
X = pavement base thickness (mm)
a, b and c are constants

Presented in Table 5 are the developed LEADFlexpant regression equations for 31MPa subgradederdsil
modulus (3% CBR) for light, medium and heavy t@ffategories.

Validation of LEADFlex Procedure

The LEADFlex analysis and design procedure wasiatdid using measured pavement response data fres(3h
stations at the South (SM-2A) and North (SM-2A)darf the K-ATL (Melhem et al, 2000). Six (6) paverhtest
sections were loaded using a falling weight defiewter load of 40kN. The pavement material corfistatural
subgrade with moduli 4.500psi (31MPa), aggregatee bmodulus of 47,717psi (329MPa) and asphalt ctacre
modulus of 500,377psi (3450MPa). The pavement@egttonsist of 2-4in (50 — 100mm) asphalt concsatéace
and 8 — 18in (200 — 450) aggregate base.

The horizontal tensile (fatigue) strain at the bwttof the asphalt bound layer and vertical comjvesgutting)
strains at the top of the subgrade predicted by DEl&x for the six (6) pavement sections are asgutesl in Table
6. The average ratio of the LEADflex-calculated andasured tensile and compressive strains wered ftaue
1.04 and 1.02 respectively. The LEADFlex-calculad@d measured horizontal tensile strains at theotmobf the
asphalt layer and vertical compressive strain atttip of the subgrade were calibrated and compasid) linear
regression analysis as shown in Figure 1a and lié calibration of LEADFlex-calculated and measuestsile and
compressive strain resulted in coefficient of deieation R of 0.999 and 0.994 respectively. The result ingisa
that the LEADFlex procedure is a good predictorhofizontal tensile strain at the bottom of aspleyer and
vertical compressive strain on top subgrade.
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Scholars Research Library



E. O. Ekwulo et al

Euro. J. Appl. Eng. Sci. Res,, 2013, 2 (2):8-22

Table 3: Layered Elastic Analysis to Determine Minmum Pavement thickness for Light traffic.

A.C Base Sub Layer Thickness Expected Fatigue Criterion Rutting Criterion
Mod. Mod. Mod. A.C Stabilized Total Repetitions
El E2 E3 Surface Base
(MPa) (MPa) | (MPa) T1 T2 T Horizontal Allowable No. of D.F Vertical Allowable No. of D.F
(mm) (mm) (mm) Ni Tensile Tensile Repetition to Compressive | Compressive | Repetition
Strain Strain Failure Strain Strain to Failure
3450 329 31 50 250 300 1.00E+04 2.90E-04 9.55E-04 .75E405 0.02 1.35E-03 1.35E-03 9.53E+(03 1/05
3450 329 31 50 270 320 1.00E+04 2.85E-04 9.55E-04 .01BE305 0.02 1.23E-03 1.35E-03 1.48E+04 0J67
3450 329 31 50 290 340 1.00E+04 2.82E-04 9.55E-04 .22E305 0.02 1.11E-03 1.35E-03 2.27E+04 044
3450 329 31 50 250 300 2.00E+04 2.90E-04 7.74E-04 .75E405 0.04 1.35E-03 1.16E-03 9.53E+(03 209
3450 329 31 50 270 320 2.00E+04 2.85E-04 7.74E-04 .01E305 0.04 1.23E-03 1.16E-03 1.48E+04 1)35
3450 329 31 50 290 340 2.00E+04 2.82E-04 7.74E-04 .22B305 0.04 1.11E-03 1.16E-03 2.27E+04 0)88
3450 329 31 50 270 320 3.00E+04 2.85E-04 6.85E-04 .01E>05 0.06 1.23E-03 1.06E-03 1.48E+04 2/02
3450 329 31 50 290 340 3.00E+04 2.82E-04 6.85E-04 .22E305 0.06 1.11E-03 1.06E-03 2.27E+04 1/32
3450 329 31 50 310 360 3.00E+04 2.79E-04 6.85E-04 .38E305 0.06 1.02E-03 1.06E-03 3.42E+04 0)88
3450 329 31 50 290 340 4.00E+04 2.82E-04 6.28E-04 .22E305 0.08 1.11E-03 9.93E-04 2.27E+04 1[76
3450 329 31 50 310 360 4.00E+04 2.79E-04 6.28E-04 .38E305 0.07 1.02E-03 9.93E-04 3.42E+04 117
3450 329 31 50 330 380 4.00E+04 2.77E-04 6.28E-04 .50E305 0.07 9.31E-04 9.93E-04 5.07E+04 0J79
3450 329 31 50 290 340 5.00E+04 2.82E-04 5.87E-04 .22E5-05 0.10 1.11E-03 9.45E-04 2.27E+04 2)20
3450 329 31 50 310 360 5.00E+04 2.79E-04 5.87E-04 .38E5-05 0.09 1.02E-03 9.45E-04 3.42E+(Q4 1/46
3450 329 31 50 330 380 5.00E+04 2.77E-Q4 5.87E-04 .50B>05 0.09 9.31E-04 9.45E-04 5.07E+Q4 0J99
Table 4a: Layered Elastic Analysis of LEADFlex Pavment for 31MPa Subgrade Modulus and Light TrafficCategory.
A.C Base Sub Layer Thickness Expected Fatigue Criterion Rutting Criterion
Mod. Mod. Mod. AC Stabilized Total Repetitions
El E2 E3 Surface Base
(MPa) (MPa) | (MPa) T1 T2 T Horizontal Allowable No. of D.F Vertical Allowable No. of D.F
(mm) (mm) (mm) Ni Tensile Tensile Repetition Compressive Compressive | Repetition
Strain Strain to Failure Strain Strain to Failure
3450 329 31 50 252 302 1.00E+04 289.4E-6 955.5H-6 .78E405 0.02 1.339E-03 1.35E-03 1.00E+04 1.0
3450 329 31 50 284 334 2.00E+04 282.5E-6 7745H-6 .17B5305 0.04 1.148E-03 1.16E-03 200E+04 1.0
3450 329 31 50 303.6 353.6 3.00E+04 279.8E6 688.9F 5.34E+05 0.06 1.047E-03 1.06E-03 3.00E+04 1.
3450 329 31 50 318.1 368.1 4.00E+04] 278.2E6 628.8E 5.44E+05 0.07 9.808E-04 9.93E-04 4.00E+04 1.
3450 329 31 50 328.1 378.1 5.00E+04| 277.4E46 586.7E 5.49E+05 0.09 9.387E-04 9.45E-04 5.00E+04 1.
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Table 4b: Layered Elastic Analysis of LEADFlex Pavment for 31MPa Subgrade Modulus and Medium TrafficCategory.

A.C Base Sub Layer Thickness Expected Fatigue Criterion Rutting Criterion
Mod. Mod. Mod. A.C Stabilized Total Repetitions
E1l E2 E3 Surface Base
(MPa) (MPa) | (MPa) T1 T2 T Horizontal Allowable No. of D.F Vertical Allowable No. of D.F
(mm) (mm) (mm) N;i Tensile Tensile Repetition Compressive Compressive Repetition
Strain Strain to Failure Strain Strain to Failure
3450 329 31 75 283.2 358.2 5.00E+04] 297.7E6 586.7E 4.35E+05 0.11 9.330E-04 9.45E-04 5.00E+0¢4 1.00
3450 329 31 75 321.3 396.3 1.00E+05 290.4E6 476.6 4.72E+05 0.21 7.999E-04 8.09E-04 1.00E+0b 1.00
3450 329 31 75 344.6 419.6 1.50E+05| 287.2E6 426.6 4.90E+05 0.31 7.312E-04 7.40E-04 1.50E+05 1.00
3450 329 31 75 362.2 437.2 2.00E+05| 285.2E6 386.5E 5.01E+05 0.40 6.848E-04 6.94E-04 2.00E+05 1.00
3450 329 31 75 375.5 450.5 2.50E+05 284.0E46 366.3 5.08E+05 0.49 6.524E-04 6.60E-04 2.50E+05 1.00
Table 4c: Layered Elastic Analysis of LEADFlex Paveent for 31MPa Subgrade Modulus and Heavy TrafficCategory.
A.C Base Sub Layer Thickness Expected Fatigue Criterion Rutting Criterion
Mod. Mod. Mod. A.C Stabilized Total Repetitions
E1l E2 E3 Surface Base
(MPa) (MPa) | (MPa) T1 T2 T Horizontal Allowable No. of D.F Vertical Allowable No. of D.F
(mm) (mm) (mm) N; Tensile Tensile Repetition Compressive Compressive Repetition
Strain Strain to Failure Strain Strain to Failure
3450 329 31 100 326.1 426.1 2.50E+05 260.0E16 866.3 6.79E+05 0.37] 6.519E-04 6.60E-04 2.50E+05 1,00
3450 329 31 100 347.9 447.9 3.50E+05 256.9E16 §26.4 7.07E+05 0.50 6.049E-04 6.12E-04 3.50E+Q5 100
3450 329 31 100 364.8 464.8 4.50E+05| 254.6E16 806.5 7.28E+05 0.62] 5.717E-04 5.79E-04 4.50E+05 1,00
3450 329 31 100 378.5 478.5 5.50E+05 253.4E16 BB8.7 7.40E+05 0.74 5.466E-04 5.53E-04 5.50E+05 1,00
3450 329 31 100 390.3 490.3 6.50E+05| 252.2E16 0.7 7.50E+05 0.87| 5.262E-04 5.33E-04 6.50E+05 1,00
3450 329 31 100 400 500 7.50E+05 251.4E-p 258.3K-6 7.59E+05 0.99 5.102E-04 5.17E-04 7.50E+0p 1.p0
Table 5: Light Traffic - Pavement Response Regressi Equations (N =1 x 1 — 5 x 1d, T, = 50mm)
A.C Base Subgrade Expected Traffic — Fatigue Criterion Rutting Criterion
Modulus Modulus CBR Modulus Pavement Thickness
Traffic (MPa) (MPa) (%) (MPa) Relationship Tensile Strain - Pavement Thickness ~ Compressive Strain — Pavement
Category El E2 E3 Relationship Thickness Relationship
(MPa) (MPa) (MPa) (10°) (109
LIGHT 3450 329 3 31 T = 83.29(Nij™ & = -53.71In(T) + 595.49 .= -1786.67In(T) + 11536.74
R? =0.999 R? =0.980 R? =0.999
MEDIUM 3450 329 3 31 T = 76.76(8™ & = -60.12In(T) + 650.75 & = -1226.63In(T) + 8142.97
R2=1 R2 =0.989 R2=0.998
HEAVY 3450 329 1 10 T=987200™ & = -42.42In(T) + 514.40 &= -971.06In(T) + 6712.19
R2=1 R2=0.994 R2=0.999
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Table 6: Comparison of LEADFlex-Calculated and Measred Pavement Response for Subgrade Modulus 4,500031MPa)

Pavement Response

Lane Subgrade CBR/ Modulus Pavement Thickness
(mm) Tensile Strain Compressive Strain
(109 (109

CBR Mod. Mod. Surface Base Total LEADFlex- Measured Ratio LEADFlex- Measured Ratio

(%) (psi) (MPa) Calculated Calculated
South (SM-2A) - ST. 5 3 4,500 31 50 200 25( 298.93 286 1.04 1671.71 1615 1.03
North (SM-2A) - ST. 5 3 4,500 31 50 250 300 289.14 274 1.05 1345.96 1360 0.98
South (SM-2A) - ST. 10 3 4,500 31 50 300 35( 280.86 270 1.04 1070.55 975 1.09
North (SM-2A) - ST. 10 3 4,500 31 50 350 400 273.69 265 1.03 831.97 850 0.97
South (SM-2A) - ST. 15 3 4,500 31 50 400 45( 267.36 254 1.05 621.53 590 1.05
North (SM-2A) - ST. 15 3 4,500 31 50 450 500 261.70 250 1.04 433.29 444 0.97
Average Ratio 1.04 1.02
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Figure la: Calibration of Calculated and Measured Ensile Strain for 31MPa Subgrade Modulus
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Figure 1b: Calibration of Calculated and Measured @mpressive Strain for 31MPa Subgrade Modulus CBR
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Developlemt of LEADFlex Program
The LEADFIlex programme was developed using algoridnd Visual Basis Codes. The program algorithmsis
presented below;

Program Algorithm
1. Enter the traffic data, material and pavement ldlyiekness
2. Compute the Expected Traffic — Ni (ESAL)
3. Check if the Traffic Category is Light, Medium oe&lvy Traffic
4. Compute the minimum pavement thickness
5. Compute the Maximum tensile and compressive Stmath
5.1 Check if maximum tensile strain is less that allblea
5.2 Check if maximum compressive strain is less thaailable
Compute number of traffic repetitions to failure fatigue and rutting
Compute Damage Factor for fatigue and rutting
7.1.1 Check if the Damage Factor for fatigugi®less than 1. If Pis less than 1 go to 8 otherwise
go to 4 and increase pavement thickness.
7.1.2 Check if the Damage Factor for ruttingiB less than 1. If Dis less than 1 go to 8 otherwise
go to 4 and increase pavement thickness.
8. Save Final Design.

No

The LEADFlex Program Interface

The LEADFlex visual basic interface windows arewhan Figures 2, 3, 4 and 5. Figure 2 shows tlaet-sip
window, Figure 3 is the traffic data input windofigure 4 shows the pavement layer parameter inputow
while Figure 5 shows the pavement response anctstal pavement section window.

LEADFlex Options  Reperts

Layered Elastic Analysis and Design

Flexible Pavement

LEADFlex 1.0

| <l N

1130/2012 |

Figure 2: LEADFlex Program Start-up Window

LEADFlex Program Application and Design Example

The application of LEADFlex program is in three 63¢ps as presented in Figures 3, 4 and 5. The Bteolved in
the design are as follows;

Step 1 of 3- This involves the input of traffic data as illiaed in Figure 3

Step 2 of 3—- This involves pavement material and layer patamaput as illustrated in Figure 4

Step 3 of 3- Involves the adjustment of design structuralgmaent thickness as illustrated in Figure 5

17
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LEADFlex Options ~ Reports

Input Traffic Data

Vehicle
Vehicle Description Class  AADT (Veh/day) F (ESAL/veh) (days/yr) Multiplier Ni (ESAL)
Passenger Cars, Taxis, Landrovers, Pickups and Mini-Buses 4 1321 Negligible 365 2978 |Weg |
Buses 2 s 0.333 365 2978 |18028.0505 |
2-Axle Lorries, Tippers, and mammy Wagons 3 3 0.746 365 2978 |2é326.3585 ‘
3-Axle Lorries, Tippers, and Tankers 4 2 1001 365 2978 |21761.1394 ‘
3-Axle Tractor-Trailer Units
{Single Driven Axle, Tandem Rear Axles) 5 3 3.48 365 2978 |113470.668
4-Axle Tractor Units
{Tandem Driven Axle, Tandem Rear Axles) 6 (] 7.89 365 29.78 o ‘
5-Axle Tractor-Trailer Units
(Tandem Driven Axle, Tandem Rear Axles) i 1 .42 365 2978 !asmsma |
2-Axle Lorries with two Towed Trailers 8 1 262 365 2978 |28478 614 ‘
Total Expected Traffic Ni (ESAL)
{ [ Next I [ Save Trathic Catizary Heavy Traffic

Tl =]

Figure 3: LEADFlex Traffic Data Window — Step 1 of3

O T T e Micootvod T T =

Home | Insert Pagelayout  References  Mailings  Review  View 7]

i D S

s #find - |
(4] | AaBbCcDe | AaBbCcDe AaBbCi AaBbCc AADB 4asbee acsbeen: aasbeeo: % " |

| Calibri (Bady) i -
LB 133 Copy = e = ; 25 Replace
Paste | = 5 Aa-|[B7- A~ _ Change
| ot buier B I U~ shex ¥ Aar|#- A | rhomal {1 spaci., Headingl  Heading 2 Titte suberse §sumne e empnsa: (SICRBIEHIE S ]
Clipboard = Font | Paragraph ) Styles || Editing ||

a3 Traffic and Pavement Parameter Form

Heavy Traffic LAYER INFORMATION TRAFFIC AND PAVEMENT THICKNESS

Layer No. Poisson’s Pavement Layer Expected
Ratio Thickness (mm) Traffic

ortace: (18] S

Base: 0.40 Base: 32851 |

Subgrade: . [ | Total: 42851 I

Figure 4: Pavement Design Parameters Window — St&pof 3
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54D e AP T - SEL . e . HLIEN

LEADFlex Options ~ Reports

8y Data Traffic Input Form

Input Traffic Data

Mehicl
W PovementResponse Form W e W e o e s (Al
PAVEMENT LAYERED ELASTIC ANALYSIS l e
PAVEMENT RESPONSE s
Expected Traffic Ashalt Concrete Pavement Thickness = o S
Ni (ESAL) Modulus (psi) (mm) I L ‘ ‘ Save | ‘ & ‘ |
o4
2.54E405 500,377 '&29‘ - i
FATIGUE CRITERIA RUTTING CRITERIA PAVEMENT THICKNESS (mm) ] bss
Maximum Tensile Strain ~ Allowable Tensile Strain imum Comp!
= train ompresive Strain [
(1E-6) Stral Compresive Stral
(1E-6) |
Maximum Strain 25927 359E-04 62421 6.58E-04 =
o= : [ [| |
ba
Mo G Trate N Nr Base (mm) 32000 E
Repetitions to failure |1 33F.08 2.64E+05
fag+os
Total (mm) 229.00

™

1131 AM
12/9/2012

Figure 5: Pavement Response Window — Step 3 of 3

42 540 e Pt <o TORERD e T T T T e = ¢ | = |

LEADFlex Options  Reports

92! Data Traffic Input Form =IEE
Input Traffic Data
Mahicle
i pavernent Respoiéeor DS L. S SR e - e — -  —— || (EsAL)
PAVEMENT LAYERED ELASTIC ANALYSIS I 3
Heavy Traffic PAVEMENT RESPONSE B=
Expected Traffic Ashalt Concrete Pavement Thickness EES
Ni (ESAL) Modulus (psi) (mm) l Dck I | Save ‘ | fod | L
o4
2.54E:05 500,377 421 - 1
FATIGUE CRITERIA RUTTING CRITERIA PAVEMENT THICKNESS (mm) ] s
Maximum Tensile Strain  Allowable Tensile Strain Maximum Compresive Allowable
(1E-6) Strain Compresive Strain [
(1E-6) ,
Maximum Strain  250.28 358E-D4 - 66088 6.58E-D4 -
Surface (mm) 100 E
fa
No. of Traffic Nf Nr Base (mm) 52100 B
Repetitions to failure  12:c.05 2.35E405
{AE+05
Total (mm) azzoo |

nnam |
12/9/2012

)

Figure 6a: Pavement Response Window — Rutting Critéa not meet — Step 3 of 3
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Adjustment of LEADFlex Pavement Thickness

The design example as illustrated in Figures 3 iteshilted in a minimum pavement thickness of 429muorder to
meet both the fatigue and rutting criteria. Adjogtithe pavement thickness to a value lower thamtmémum
results in unsatisfactory design. For instanceufeigba shows that adjusting the required minimumwepent
thickness from 429mm down to 421mm resulted in tisfsatory design in terms of rutting criterion tviallowable
compressive strain and damage factor not satisfadto Figure 6b, increasing the pavement thickrifess 421mm
to 426mm satisfied the allowable compressive stighthe damage factor requirement was not satmfathereby

requiring a redesign. The LEADFlex design procedocenputes minimum pavement thickness required to

withstand the expected traffic in order to limitife cracking and rutting deformation, any pavetrtaitkness
lower than the minimum will result in unsatisfagtodesign. Presented in Figure 7a and 7b are trectetff
LEADFlex pavement thickness on fatigue and rutstrgin of cement stabilized lateritic base low votuasphalt
pavements.

55 LEAD Fiexible Pavement Application (LEADFlex 1.0] Y e ¥ T | -5 =
LEADFlex Options  Reports
55l Dato Traffic Input Form =& =]
Input Traffic Data
Mehicle
5 Pavement Resporise Form MR - — =l sl e 1| (ESAL)
PAVEMENT LAYERED ELASTIC ANALYSIS l e
Heawy Traffic PAVEMENT RESPONSE
Expected Traffic Ashalt Concrete Pavement Thickness il
Ni (ESAL) Modulus psi) {mm) l ok ‘ | fave | ‘ fod ‘
2.54E405 500,377 426 -
FATIGUE CRITERIA RUTTING CRITERIA PAVEMENT THICKNESS (mm) ] ks
Maximum Tensile Strain  Allowable Tensile Strain Maximum Compresive Allowable
1E-6| Strain Compresive Strain
(1E-6) pi
(1E-6)
Maximum Strain 25962 359804 650.43 6.5BE-D4 -
Il 2 sinfsatiud) (5 ,
fa
T 1
No. of Traffic Nf Nr Base (mm) 32600 E
Repetitions to failure 120605 2 536405
{AE+05
Total (mm) 426.00
Damage Factor - 100 ly Traffic
— — =
— — — =

Figure 6b: Pavement Response Window — Rutting Critéa not meet — Step 3 of 3

265 -
&
g 7 ‘\’\.\
=
£ —
i
= 255 4
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L1
=
oo
-t
& 250 -
245 L] L] L] L] L] L] L] T L] 1
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Pavement Thickness (mm)

Figure 7a: Effect of Pavement Thickness on FatiguStrain of LEADFlex Pavement
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Rutting Strain (10-%)
h
=
]
/

590 o \
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Pavement Thickness (mm)

Figure 7b: Effect of Pavement Thickness on Ruttingtrain of LEADFlex Pavement

CONCLUSION

The major findings and conclusions obtained fromgtudy are as follows:

1. For the expected traffic of 2.54E+05 and subg@&8R of 3% (31MPa resilient modulus), the ten@égigue)
strain at the bottom of asphalt layer decreaséiseagavement thickness increases.

2. For the expected traffic of 2.54E+05 and subgr@®8R of 3% (31MPa resilient modulus), the comgires
(rutting) strain at the top of subgrade layer dases as the pavement thickness increases.

3.LEADFlex<calculatedstrains compares well with measured strains.

4.The study showed thaiEADFlex procedure is a good estimator of tensile strailoweasphalt layer and
compressive strain at the top of subgrade in asphsement EADFlexand should be adopted in the design of
asphalt pavement in Nigeria.
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