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ABSTRACT

As a result of the inconsistencies in the resulstofictural thickness design of flexible pavemeatising from
individual differences in sight and judgment in tiee of design charts and tablesstudy on the development of a
computer program for the design of flexible pavetweas carried out. The study was based on the NigdlCBR)
design method for flexible pavement. The thickrsdms/e layer for each pavement material was obtaibgd
interpolation at 1% CBR interval. Using the datataibed, equations for curves A to F were developsing the
developed equations, Algorithm and codes wereemritt accordance with the Nigerian (CBR) desigracpdure.
The results of developed program, N-Flex-Pave walielated by comparing it results with that of d@nventional
procedure (CBR design curve). Results show thaicttral thickness design using N-Flex-Pave compared
favorably with the conventional procedure with animium ratio of 0.97 and a maximum ratio of 1.10lil@ation

of N-Flex-Pave-calculated and Design Curve-measuesdlts were compared using linear regression gsialand

the results were found to be good with minimumfimierit of determination Rof 0.996 and maximunt Rf 0.999
indicating that N-Flex-Pave is a good estimatorpafvement layer thickness using the Nigerian (CB&Yignh
procedure. Result also indicated that design candrapleted in few seconds when compared to thesteet when
conventional procedures are employed. A conclusias made that N-Flex-Pave is capable of carrying ou
structural thickness design for the Nigerian (CBRgthod and should be recommended for use by pavemen
engineers in Nigeria.

Key words: Computer Program, CBR, Flexible Pavement, Design.

INTRODUCTION

In Nigeria, the only developed and most common wotbf flexible pavement design is the Nigerian (GBR
method. In this method, the determination of stiadtthickness of the pavement is made using dedigints and
Tables. In most cases, no two individual obtairssgiime result even when the same design informiatiosed. The
Nigerian (CBR) method is an empirical procedurechhises the California Bearing Ratio and traffibmoe as the
sole design inputs. The method was originally deywetl by the U.S Corps of Engineers, modified byRBh&sh
Road Research Laboratory [1] and adopted by Nigasiacontained in the Federal Highway Manual [2]e Th
Nigerian (CBR) design method is a CBR-Traffic vokirmethod, the thickness of the pavement structsire i
dependent on the anticipated traffic, the stremjtthe foundation material, the quality of pavemeraterial used
and the construction procedure adopted. The metlwiders traffic in the form of number of commalci
vehicles/day exceeding 29.89kN (3 tons). To deteenthe no of vehicles/day exceeding 3 tons loadeidiw, the
anticipated traffic is adjusted using the traffajustment factor in Table 1 and percentage of suokthe design
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lawne in Table 2. The selection of pavement stmecisa made from design curves as shown in Figur&€hk
thickness of the pavement layers is dependent ®@®tpected traffic loading. The recommended mininasphalt
pavement surface thickness is considered in tefriighd, medium and heavy traffic as follows:

Light traffic - 50mm
Medium - 75mm
Heavy - 100mm

The inconsistencies and variations in the resulttafctural thickness design of pavements arisingfindividual

differences in sight and judgment in the use ofiglegharts and tables have become a matter of corfoe

pavement designers. Hence, the need to developre pnecise and accurate design tool that will englalvement
designers produce uniform structural thicknessgihesgsults. There is no existing computer prograrnttie design
of flexible pavement for the Nigerian (CBR) desigethod. The purpose of this paper is to developlésign tool,
N-Flex-Pave, for the Nigerian (CBR) design of fldei pavement. This will ease design process andigeoa

uniform flexible pavement structural design resisiing the Nigerian (CBR) procedure.

Prior to the invention of the computers, pavemesdighs were solely carried out using design chadbles and
nomographs. In contemporary times with the inventid computers, pavement design could be carri¢dusing
computer programs. Several computer programs hega beveloped for the design of pavements. Thergnusg
are either empirical, layered elastic analysidrute element programs.

The American Association of State Highway and Tpamtation Official AASHTO [3] developed its empisic
design utility for flexible and rigid pavement. Theogram solves the 1993 AASHTO Guide basic emglidesign
equation for flexible and Rigid pavements. It gisovides information on variable descriptions, tgbivalues and
equation precautions.

A number of computer programs based on layeredielt#seory [4] have been developed for layered tedas
analysis. The program CHEYV [5] developed by the \@hre Research Company can be applied to linearrialte
however, CHEV program was modified to account faternial non-linearity and called DAMA [6]. The DAMA
computer program can be used to analyze a mukiéaly elastic pavement structure under single of-whbeel
load, the number of layers cannot exceed five. AMA, the subgrade and the asphalt layers are cersilito be
linearly elastic and the untreated subbase to belinear. Instead of using iterative method to detee the
modulus of granular layer, the effect of stressetbelency is included by effective elastic modulusnpoted
according to equation 1.0.

E2 = 10'447Ii]—O.471h2-0.041E1-0.139E3-0.287K10.868 (10)

Where, g, E, and & are the modulus of asphalt layer, granular basesabgrade respectively; bnd B are the
thicknesses of the asphalt layer and granular basand K, are parameters for B-model with k = 0.5. ELSYM5
developed at the University of California is a fiager linear elastic program for the determinatidrstresses and
strains in pavements [7; 8]. The KENLAYER compupengram developed at the University of Kentuckyl 885
incorporates the solution for an elastic multiggdred system under a circular load. KENLAYER carapplied to
layered system under single, dual, dual-tandem Woagls with each layer material properties beimgdrly
elastic, non-linearly elastic or visco-elastic. Theerstress [9] layered elastic analysis prograimfthe Washington
State Department of Transportation was developau WESLEA layered elastic analysis program. Theepaant
system model is multilayered elastic using multipteeel loads (up to 20). The program can analyzertioasphalt
(HMA) pavement structure containing up to five lesyand can consider the stress sensitive charstatsriof
unbound pavement materials. The consideration efsttess sensitive characteristics of unbound mgeran be
achieved through adjusting the layer moduli in terative manner by use of stress-modulus relatipssi
equations 2.0 and 3.0;

E, = K.6K; for granular soils ae.
E, = KsoqK, for fine grained soils (3.0)
Where,

E, = Resilient modulus of granualar soils (ksi or P

Scholars Research Library



Ekwulo E. O and Bresford J. Arch. Appl. Sci. Res., 2015, 7 (10):1-16

Es = Resilient modulus of fine grained soils (ksiMiPa)
0 = Bulk stress (ksi or MPa)

o = (Deviator stress (ksi or Mpa) and

Ky, Ko, Kz, Ky = Regression constants

K1, and K, are dependent on moisture content, which cangeharth the seasons. ;Kand K, are related to the
sail types, either coarse grained or fine-grainat K, is positive and Kis negative and remain relatively constant
with the season.

The ILLI_PAVE 2D computer program (10) developedtet University of lllinois at Urbana-Champaigredts the
pavement system as an axi-symmetric solid domdie.r€silient modulus is stress-dependent and éadtiteria for
granular material and fine-grained soils are inocafed in ILLI_PAVE. The principal stresses in shebase and
subgrade layers are updated iteratively. The Matut@nb theory is employed as a criterion to ensleeprincipal
stresses do not exceed the strength of the maté/tegén the base or subgrade layer is divided iat@l layers,
the minor stresses in the upper layer may be vergllsor become tensile in the lower layers. Thenefdahe
replacement of the small or negative stress byge lpositive stress results in a higher, modulbe MICH_PAVE
2D [11] finite element computer program is very gémto ILLI_PAVE. It uses the same methods to maganular
material and soils and the same Mohr-Coulomb faikriteria. MICH_PAVE uses a flexible boundary dinaited
depth beneath the surface of subgrade insteadigidaboundary at a large depth below the surftéCH_PAVE

is capable of performing both linear and non-linfiaite element analysis of flexible pavementsassumes axi-
symmetric loading condition and computes an eqgaeivatesilient modulus for each pavement layer ithabtained
as the average of the moduli of the finite eleméntke layer that lie within an assumed 2:1 lo&drithution zone.
For non-linear material, MICH_PAVE employs the strelependent K-model to characterize the resilient modulus
of soils through a stress dependent modulus anstaginPoisson’s ratio. ABAQUS, a commercially aabié 3D
FE program has been used in the structural anabfsipavement systems. The program has the abitity t
accommodate both 2D FE analysis and 3D FE analysisise reduced integration elements (3D) to rethecental
computational time [12].

MATERIALS AND METHODS

The following data for five (5) different pavemesgctions were use for typical pavement design elesipr the
development of N-Flex-Pave program:

Traffic and Material Parameters for Structural Thic kness Design

No. of Lanes = 4 lane highway

No. of vehicle exceeding 3 tons = 1600

Traffic growth rate = 6%

Design period = 20yrs

For a design period of 20yrs, and traffic growtte raf 6%,

Traffic Adjustment factor from Table 1 = 1.84

O Anticipated traffic = 1600 x 1.84
= 2944 veh/day

From Table 2, for a 4-lane highway, use 100% ofcleh on design lane

100

x 2944 = 2944 veh/day

100

Traffic category - Heavy traffic
O Use Curve F

Pavement Sections and Material CBR

Section 1| Section2] Section3 Section|4 Section 5
Subgrad 2% 3% 4% 5% 6%
Suk-bast 20% 23% 25% 28% 30%
Base 80% 83% 85% 88% 90%

Scholars Research Library



Ekwulo E. O and Bresford J. Arch. Appl. Sci. Res., 2015, 7 (10):1-16

The following procedures were adopted in the dgualent of the N-Flex-Pave program:

Step 1:Generating Design Curve Data
To generate the design curve data for curves AG,B), E and F, interpolations were carried oungtrivals of 1%
CBR on the CBR-Pavement thickness chart. The iotatipns produced the “thicknesses above layer” tued
corresponding CBR for curves A to F.

Step 2: Developing Curve Equations from Curve Data

The data generated in step 1 was modeled usingittresoft Office Excel Program (Power Option) witBBR” as
X-axis and “Thickness above layer” as the Y-axigltain the curve equations. The curve equationsuoves A to
F are as presented in Equations 4.0 to 9.0

Y = (1625x)"%? - Curve A (4.0)
Y = (1984x)+7% - Curve B (5.0)
Y = (2874x)%% - Curve C (6.0)
Y = (3546x)"%! - Curve D (7.0)
Y = (3660x)7® - Curve E (8.0)
= X)™ - urve .
Y = (3998x)""* C F (9.0)
Where,

X =CBR (%) and
Y =T = Thickness above layer (mm) (10.0)
Step 3: Developing Program Algorithm.

The following connotations where used in develogheyprogram algorithm.
Traffic Data :

A = Number of vehicle exceeding 3 tons.
B = Traffic growth rate
C = Traffic adjustment factor
D = Percentage of vehicle in the design lane
E = Anticipated daily traffic in terms of No oféli. exceeding 3 tons.
= No of Veh. Exceeding 3 tonnes x Traffic AdjustmhFactor x % of Veh. in design lane
UE = AxCxD
F = The Curve equation to be used for pavemenkiiess determination.
T = Thickness above layer
CBR -055
fFO<E<15, T = — for Curve A
1625
CBR ) **°
If1I5<E<45 T = — for Curve B
1984
-0.55
If45<E<150, T = % for Curve C
2879
-0.55
BR
If150<E<450, T = C— for Curve D
3546
-0.55
BR
If 450< E< 1500, T = C— for Curve E
3660
-0.57
If 1500< E< 4500, T= % for Curve F
3998
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Thickness Description:

T, = Total thickness

T, = Thickness of base and surface
Ts = Thickness of surface 5 Jace
T,—T; = Thickness of base 3,3k

T,-T, = Thickness of sub-base 3dvase
Recommended Thickness of Surface:

Light traffic; T;>50

Medium traffic; B>75

Heavy traffic; T >100

Step 4 Creating Interface on Visual Basic Package

a) Creating TextbaxPick text box on the tool box, set property name;

b) Creating LabelPick label on the toolbox, click caption then tdbe name property.

c) Set board style

d) Insert name property

e) Name property: This is where the calculated ahitpbeing displayed

f) Pick command button, go to caption and typeeit talculate, then go to name property and saycatd
g) Form addition: go to project and say add form.

Step 5 Code Writing

The codes were written in Visual basic 6.0 [13].eTollowing codes were written in line with the gram
algorithm;

i. Codes to Determine Traffic Parameters

ii. Codes to evaluate the various thicknesses

iii. Codes for thickness adjustment

iv. Codes for the cross section of the designeemant

Executing the N-Flex-Pave Program

The N-Flex-Pave is a user-friendly program, itire@e to use and easy to run. The program is agiglécto four-
layered (Surface, base, subbase and subgradebl@iegavement system. When all the necessary desprt
parameters have been made, the program can ruessfgty in less than 30 seconds. The followindfitraand
material parameters are required as inputs in X-Phkave;

i. Traffic Data: Number of vehicles exceeding 29.8%gns), traffic growth rate, Number of lanes, alesign
lane.
ii. Material Properties: CBR of subgrade, subbase asd material.

Four (4) steps are required to carry out a completign of a flexible pavement using N-Flex-Pave;
Step 1 of 4(Figure 2):

This window takes Traffic data input; No. of vehydexceeding 3tons, traffic growth rate, design qubriNo. of
lanes and design lane, click next to go to step£L-ahe “material parameter” window.

Step 2 of 4(Figure 3):
This window takes the material parameters inputkahext to get to step 3 of 4 - the “thickness \abhdayer”
window,.

Step 3 of 4(Figure 4):
At step 3 of 4, the program displays computed #héss above layer” for subgrade, subbase and tladenext for
step 4 of 4 - the “thickness of layer” window.

Step 4 of 4(Figure 5):
On this window, the thickness of layer is autormaticcomputed and displayed. Click Finish to endigie. At this
stage if the computed surface thickness is legs ttte recommended minimum for light, medium or hyegaffic,

5
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the program propmts the warning message “Surfac&nés is less than the recommended value, do ynt W
carry out an adjustment”. The user has an optiotlioking Yes, No or Cancel. If the user clicks Y#se program
automatically adjust the thickness in accordandé wesign procedures as shown in Figure 6. The msgralso
view the cross section of the pavement by clickMigw Site” as shown in Figure 7.

RESULTS AND DISCUSSION

The results of structural thickness design usingl&kPave are as presented in Tables 3a to 3e teleesults
using conventional Design curves are presentecieb 4a to 4e. Also, Tables 5a to 5e show the adegn of the
results using N-Flex-Pave and Design curves.

The results as presented in Table 5a to 5e shatathe using the N-Flex-Pave program, the actuektiesses of
layers for section 1 are 100mm, 115mm and 546mnstfoface, base and sub-base respectively, sectiame 2
100mm, 120mm and 405mm for surface, base and sséb+eapectively, section 3 are 100mm, 105mm anchB811
for surface, base and sub-base respectively, setttwe 100mm, 100mm and 278mm for surface, baseswmbase
respectively while the thicknesses for section & H0mm, 110mm and 217mm for surface base and asdb-b
respectively.

Similarly, using the conventional Design Curve® #ttual thicknesses of layers for section 1 afsrnif, 113mm
and 550mm for surface, base and sub-base resggcteetion 2 are 100mm, 120mm and 400mm for serfhase
and sub-base respectively, section 3 are 100mmmdanand 320mm for surface, base and sub-base rasbgct
section 4 are 100mm, 110mm and 265mm for surfaass bnd sub-base respectively, while section 3@0enm,

110mm and 220mm for surface base and sub-basectigghe This shows that the result of structurasidn using
N-Flex-Pave compare favorably with that of conventilesign curves.

VALIDATION OF N-Flex-Pave PROGRAM RESULTS

The N-Flex-Pave results were validated by compapagement thicknesses computed by the N-Flex-Pade a
measured thicknesses using the Design Curves.tRgsakented in Table 6a show that the average aati-Flex-
Pave-calculated and Design Curve-measured thickalesge layer are; base — 1.05, 0.97, 1.00, 1.061&t@ for
sections 1, 2, 3, 4 and 5 respectively; sub-ba€e98, 0.98, 1.01, 0.97, 1.04 for sections 1324 and 5
respectively, and subgrade —0.99, 1.01,0.92, dn@00.99 for sections 1, 2, 3, 4 and 5 respegtivel

Similarly, Table 6b shows that the average ratidlgflex-Pave-calculated and Design Curve-meastunie#lrtess of
layer are; surface — 1.0, 1.0, 1.0, 1.0, 1.0 afdfdr. sections 1, 2, 3, 4 and 5 respectively; bade02, 1.00, 1.05,
0.91 and 1.00 for sections 1, 2, 3, 4 and 5 rep@dgt and sub-base — 0.99, 1.01, 0.97, 1.05 a®@ for sections 1,
2, 3, 4 and 5 respectively.

Table 1: Initial Traffic Adjustment Factor

Design Period| Annual growth Rate, Percent (r)
Years (n) 2 4 6 8 10
1 0.05| 0.05| 0.0§ 0.05 0.0%
2 0.10| 0.10{ 0.10 0.1 0.1
4 0.21] 0.21] 0.22 0.22 0.2%
6 0.32] 0.33] 035 0.37 0.39
8 043| 0.46| 050 0.58 0.57
10 0.5¢ | 0.6C | 0.6€ | 0.7z | 0.8C
12 0.67| 0.75| 084 0.95 1.07
14 0.80| 092 10§ 121 14
16 0.93] 1.09) 128 152 1.8
18 1.07| 128 155 187y 2.28
20 121 149 184 229 2.86
25 1.6C | 2.0 | 2.7¢ | 3.6€ | 4.92
30 2.03| 2.80] 393 566 822
35 250| 3.68 5571 8.62 13.55

The N-Flex-Pave-calculated and Design Curve-medslager thicknesses were calibrated and comparédy us
linear regression analysis as shown in Figure8Bagc, 9a and 9b for thickness above base layekrtess above
sub-base layer, thickness above subgrade layse, thickness and subbase thickness respectivetycaéfficient

6
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of determination, Rwere found to be very good. The calibration of lxFPave-calculated and Design Curve-
measured layer thicknesses resulted 3fR0.990, 0.996, 0.999, 0.987 and 0.998 for thisknabove base layer,
thickness above sub-base layer, thickness abdgraie layer, base thickness and subbase thickesssctively.
This result indicates that N-Flex-Pave is a godihredgor of pavement layer thickness using the Nage(CBR)

flexible pavement design procedure.

Table 2: Lane distribution factors on multilane roads

Number of lanes Lane Lane Lane Lane
Both direction No. 1 No. 2 No. 3 No. 4

2 100 - - -

4 100 100 - -

6 20 80 80 -

8 20 20 80 80
Lane No. 1 is next to the centerline or medianhendriver’s left

Table 3a: Pavement Section 1 - Thickness Design RédUsing N-Flex-Pave

Material | Design CBR| Thickness above layer(mnf)  Thickness of layer(mm) jusigd/Actual thickness
(%) (mm)

Subgrade 2.0 761 - -

Sub-base 20 205 556 546

Base 80 93 112 115

Surface 93 100

Total Thickness 761 761

Table 3b: Pavement Section 2 - Thickness Design RésJsing N-Flex-Pave

Material | Design CBR| Thickness above layer(mnf)  Thickness of layer(mm) jusid/Actual thicknessg
(%) (mm)

Subgrade 3.0 625 - -

Sub-base 23 197 428 405

Base 83 82 115 120

Surface 82 100

Total Thickness 625 625

Table 3c: Pavement Section 3 - Thick

ness Design R#dJsing N-Flex-Pave

Material | Design CBR| Thickness above layer(mnf)  Thickness of layer(mm) jusigd/Actual thickness
(%) (mm)

Subgrade 4.0 516 - -

Sub-base 25 182 334 311

Base 85 80 102 105

Surface 80 100

Total Thickness 516 516

Table 3d: Pavement Section 4 - Thickness Design RésJsing N-Flex-Pave

Material | Design CBR| Thickness above layer(mnf)  Thickness of layer(mm) jusigd/Actual thickness
(%) (mm)

Subgrade 5.0 478 - -

Sub-base 28 170 308 278

Base 88 74 96 100

Surface 74 100

Total Thickness 478 478

Table 3e: Pavement Section 5 - Thickness Design RidJsing N-Flex-Pave

Material | Design CBR| Thickness above layer(mnf)  Thickness of layer(mm) jusigd/Actual thickness
(%) (mm)

Subgrade 6.0 427 - -

Sub-base 30 171 256 217

Base 90 66 105 110

Surface 66 100

Total Thickness 427 427
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Table 4a: Pavement Section 1 — Thickness DesignitusDesign Curves

Material | Design CBR| Thickness above layer(mn))  Thickness of layeAdjusted/Actual thickness
(%) (mm) (mm)

Subgrade 2.0 763 - -

Sut-bast 20 21C 553 550

Base 8C 88 122 113

Surface 88 100

Total Thickness 763 763

Table 4b: Pavement Section 2 - Thickness Designibig Design Curves

Material | Design CBR| Thickness above layer(mm))  Thickness of layeAdjusted/Actual thickness
(%) (mm) (mm)

Subgrad 3.C 62C - -

Sut-bast 23 20C 42( 40C

Base 83 85 115 120

Surface 85 100

Total Thickness 620 620

Table 4c: Pavement Section 3 - Thickness Designitug Design Curves

Material | Design CBR| Thickness above layer(mmn))  Thickness of layeAdjusted/Actual thickness
(%) (mm) (mm)

Subgrad 4.C 52( - -

Sub-base 25 180 340 320

Base 85 80 100 100

Surface 80 100

Total Thickness 520 520

Table 4d: Pavement Section 4 - Thickness Designilig Design Curves

Material | Design CBR| Thickness above layer(mm))  Thickness of layeAdjusted/Actual thickness
(%) (mm) (mm)

Subgrade 5.0 475 - -

Sub-base 28 175 300 265

Base 88 70 105 110

Surfact 70 10C

Total Thicknes 47t 47t

Table 4e: Pavement Section 5 - Thickness Designitus Design Curves

Material | Design CBR| Thickness above layer(mm))  Thickness of layeAdjusted/Actual thickness
(%) (mm) (mm)

Subgrade 6.0 430 - -

Sub-base 30 165 265 220

Bas¢ 90 60 10t 11C

Surfact 6C 10C

Total Thickness 430 430

Table 5a: Comparison of Result — Pavement Sectidn

Material | CBR | Thickness Above Layer(mm) Thickness OLayer(mm) Adjusted/Actual
Thickness(mm)

N-Flex- Design N-Flex- Design N-Flex-Pave | Design Curves
Pave Curves Pave Curves

Subgrade 2.0 761 763 - - - -

Subase 20 205 210 556 553 546 550

Base 80 93 88 112 122 115 113

Surface 93 38 100 100

Total Thickness 761 763 761 763
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Table 5b: Comparison of Result — Pavement Sectich

Material | CBR | Thickness Above Layer(mm) Thickness OLayer(mm) Adjusted/Actual
Thickness(mm)

N-Flex- Design N-Flex- Design N-Flex-Pave | Design Curves
Pave Curves Pave Curves

Subgrade| 3.0 625 620 - - - -

Subase 23 197 200 428 420 405 400

Base 83 82 85 115 115 120 120

Surface 82 85 100 100

Total Thickness 625 620 625 620

Table 5¢c: Comparison of Result — Pavement Sectiéh

Material | CBR | Thickness Above Layer(mm) Thickness OLayer(mm) Adjusted/Actual
Thickness(mm)

N-Flex- Design N-Flex- Design N-Flex-Pave | Design Curves
Pave Curves Pave Curves

Subgrade| 4.0 516 520 - - - -

Subase 25 182 180 334 340 311 320

Base 85 80 80 102 100 105 100

Surface 80 80 100 100

Total Thickness 516 520 516 520

Table 5d: Comparison of Result — Pavement Sectigh

Material | CBR | Thickness Above Layer(mm) Thickness OtLayer(mm) Adjusted/Actual
Thickness(mm)

N-Flex- Design N-Flex- Design N-Flex-Pave | Design Curves
Pave Curves Pave Curves

Subgrade| 5.0 478 475 - - - -

Subas 25 17C 17t 30¢ 30C 27¢ 265

Bast¢ 88 74 7C 96 10E 10C 11C

Surface 74 70 100 100

Total Thickness 478 475 478 475

Table 5e: Comparison of Result — Pavement Secti@n

Material | CBR | Thickness Above Layer(mm) Thickness OLayer(mm) Adjusted/Actual
Thickness(mm)

N-Flex- Design N-Flex- Design N-Flex-Pave | Design Curves
Pave Curves Pave Curves

Subgrade| 6.0 427 430 - - - -

Subase 30 171 165 256 265 217 220

Base 90 66 60 105 105 110 110

Surface 66 60 100 100

Total Thicknes 427 43C 427 43C

Table 6a: Comparison of N-Flex-Pave - Calculated ahDesign Curve - Measured Thickness Above Layer

Pavement Section Base Subbase Subgrade
Calculated | Measured | Ratio | Calculated | Measured| Ratio | Calculated | Measured | Ratio
Section 1 93 88 1.05 205 210 0.98 761 763 0.99
Section 2 83 85 0.97 197 200 0.98 625 620 1.01
Section : 80 80 1.00 182 18C 1.01 51€ 52C 0.92
Section « 74 70 1.06 17C 17¢ 0.97 47¢ 47t 1.00
Section 5 66 60 1.10 171 165 1.04 427 430 0.99

Table 6b: Comparison of N-Flex-Pave - Calculated ahDesign Curve - Measured Pavement Layer Thickness

Pavement Section Surface Base Subbase
Calculated | Measured | Ratio | Calculated | Measured| Ratio | Calculated | Measured | Ratio
Section 1 100 100 1.0 115 113 1.02 546 550 0.99
Section 2 100 100 1.0 120 120 1.00 405 400 1.01
Section . 10C 10C 1.0 10t 10C 1.05 311 32C 0.97
Section 4 100 100 1.0 100 110 0.91 278 265 1.05
Section 5 100 100 1.0 110 110 1.00 217 220 0.99
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Figure 1: The Nigerian (CBR) Flexible Pavement Degh Chart
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Figure 2: Traffic Data Window— Step 1 of 4
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Figure 8a: Calibration of Calculated and Measured btal Pavement Thickness above Base Layer
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CONCLUSION

From the results of the study, the following colsabns are hereby made:

1.The result of N-Flex-Pave design compare favorabth result of design using conventional designvesrand
Tables.

2.That N-Flex-Pave is a good estimator of pavemeygrlahickness for Nigerian (CBR) design procedwe f
flexible pavement.

3.The design of flexible pavement using Nigeria E3PBrocedure is faster and easier with the N-FlaxePprogram
than the conventional procedure.

4. The N-Flex-Pave should be recommended for uspavgment designers in Nigeria for the design dfilfle
pavement.
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