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Keywords Abstract
AASHTO The overall performance of new pavements depends on the quality of design based
DCPT on comprehensive soil investigation. Due to recent expansion and opening up of
RUGIPO remote places in the main campus of Rufus Giwa Polytechnic, Owo, Southwestern
Pavement Nigeria, there’s need to design and construct additional low volume roads to link
Structural number up many newly constructed lecture theatres and administrative buildings, within
schistose quartzite and quartzite rocks. The pavement thickness was derived using
Research Article the AASHTO design method, after thorough traffic count, and estimated single axle
Received:24.12.2024 load (ESAL) computation (19.97 msa) for 20 years projection. The soil properties
Revised:24.12.2024 in terms of CBR and subgrade modulus were determined using DCPT and empirical
Accepted:28.12.2024 correlations. The quartzite environment showed slight competence over the
Published:30.12.2024 schistose quartzite derived soils, with average penetrative index, CBR, effective
modulus of subgrade of 0.7 mm/blow, 48 %, 15.64 ksi, and 0.88 mm/blow, 50 %,
% cheskdsr 15.57 ksi respectively. The flexible pavement design process generated thickness
updates (wearing, base, and subbase courses) of 375 mm in schistose quartzite, and 366

mm in quartzite environment, for structural number (SN) of 3.18 and 3.16
respectively, while 243 mm was obtained for the rigid pavement. This thickness is
sufficient in view of slight variation in the strength of the subgrade across the two
geological formations in the area; traffic volume; and geology of the area.
Consequently, these design thickness is adequate for area, based on rigidity,
durability, longevity and ease of maintenance desired.

1. Introduction

Roads are crucial pieces of infrastructure for a nation's economic health; in fact, they quickly boost
economic growth in emerging nations [1]. Given the importance of roads to a country's overall development
and progress, they must be properly planned for and the right survey and study must be conducted to
address issues like landslides, erosion, floods, and embankment subsidence [2]. The chosen alignment,
specification, and design will therefore probably show flaws during execution if sufficient analysis is not
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done. This will undoubtedly impact the project's budget, cause needless delays, and create contractual
issues, all of which might lead to the project's collapse [3-4]. Rigid pavement made of cement concrete, is
one that transmits loads to the subgrade with resilient bending resistance. One of the primary advantages
of embracing concrete pavement are its strength, durability and ability to retain form [5-6]. It also spreads
the stresses induced by wheel load, which are adequately reduced owing to its rigidity. Flexible pavement
permits for significant deformation in subjection to high loads, which implies the road will deform/bend
when strained [2, 7]. When stressed, stiff pavement maintains its form; nevertheless, it shatters, if the
tension is high. Hence, the load is dispersed over a wider area. Rigid pavements have a strong flexural
structure that allows wheel load stresses to be transferred to substantial area below. They can be
constructed directly on subgrade or as only stratum of granular or stabilized material, as opposed to
flexible pavement, which is laid on a prepared subgrade [3, 8].

Subgrades are crucial in flexible pavement design because they give the pavement structure structural
stability when it is subjected to stress from traffic [9-10]. Under unfavorable loading and weather
circumstances, traffic loads must be transmitted so that the subgrade distortion or deformation stays
within elastic bounds and the shearing forces generated stay within safe limits. Unbound earth components
like sand, silt, and clay make up the local sub-grade, which affects how roads are designed and built [4, 6].
Road design and performance depend heavily on the evaluation of soil subgrade characteristics, including
density, stiffness, strength, and other in-situ metrics [11-12]. Traditionally, the CBR method or elastic
deformations are taken into account while designing pavements. There are several design philosophies for
flexible pavement, such as layered elastic and finite element techniques, which have a stronger foundation
in the theory of material mechanics [13]. The CBR methodology is still one of the most dependable
pavement design techniques, even with the advancements in these state-of-the-art approaches. This study
adopted it in order to ensure that the proposed pavement has a suitable design life, before any
rehabilitation is required. The time frame for which the originally planned pavement construction will last
prior to any restoration is known as the design life or performance period [6].

This study aims to provide the asphaltic (flexible) and concrete (rigid) pavement thickness that would
be sufficient for proposed pavement in Rufus Giwa Polytechnic Owo, (RUGIPO) Southwestern Nigeria,
across schistose quartzite/quartz schist and quartzite rocks. The study is projected to determine the
vehicular traffic load, by conducting a classified traffic count and analysis of the proposed pavements; and
determination of the engineering characteristics of the foundation soil using dynamic cone penetration test
(DCPT). RUGIPO is the only polytechnic educational institution in Ondo State, southwestern Nigeria,
founded in 1979, with few structures and buildings. But with recent population trend, the institution is
really expanding rapidly, hence a call for more additional roads.

2. Material and Method

2.1. The Study Area

Rufus Giwa Polytechnic in Owo, southwest Nigeria, is the research location (Figure 1). The institution is
sited between the Universal Traverse Mercator (UTM) coordinates of Northing 798500 - 801500 m and
Easting 781000 - 784000 m in the northeastern part of Ondo State. The annual rainfall in the region is
above 1500 mm (on the average), and the temperature ranges between 24 and 28°C [14-15]. To identify
various rock types, intricate rock associations, and certain structural components around the research area,
geological field mapping was done across the institution's campus. The predominant rock types, which
mostly trend roughly north-south, include gneisses, quartz-schist, granite, and quartzite (Figure 2). The
granite and the gneisses are low lying and underlay the schistose quartzite/quartzite rocks in many places
rocks. However, they also occur as ridges towards the eastern and central parts of the institution. The
schistose-quartzite rock showed conspicuous schistocity. Observable tectonic imprints including foliation,
faults, joints, and folds are also evident on the rocks.
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Figure 1. Research Location on (a) map of Ondo State and Nigeria (b) Google map

2.2. Preliminary/Reconnaissance Survey

This involves gathering and recording important information relating to the physical features of the
proposed and existing roads in the institution. This involved important features such as topography,
drainage system, nature of superficial soil layer, length of the proposed roads, geology or rock types, steams
and vegetation [16]. After these information were gathered, the area were pegged for in-situ geotechnical
investigation [17].

2.3. Geotechnical Investigation

However, digging test trenches at appropriate intervals along the road is the standard destructive
testing technique. These are highly helpful since they allow for the measurement of pavement thicknesses
and the removal of material for laboratory testing. However, test pits are seldom excavated at intervals of
less than two to three kilometers and are costly to dig and restore [4, 9, 10, 11]. The in-situ geotechnical
field method adopted was DCPT based on simplicity, cost, and speed [18-21].

The purpose of deploying this technique, was to obtain important geotechnical parameters such as
CBR, subgrade strength coefficient, the DCP index, etc., which would be needed for the design of road [22-
25], in relation to AASHTO method of flexible roadway design [26]. The analysis period for the proposed
roadway is 20 years as shown in Table 1. The DCPT was carried out in thirty three selected points along
proposed road environment even though the alignment has not been drawn or defined. The test was cut
across the quartzite schist and quartzite rocks. Consequently, recordings were made separately on both
geological formations to see how variation in the design parameters. In carrying out the test, the equipment
was first placed above the natural soil over even surface. The test was carried out on the subgrade layer.
Initial scale reading was noted and an eight kg hammer was dropped from a height of 575 mm [8, 27]. For
every 100 mm scale reading, numbers of blows are recorded. The test was carried out till the penetration
cone penetrates to a sufficient depth of subgrade [8, 28-29]. The readings were recorded in a standard
format. The same procedure was repeated for all the test locations. The location map of the test points is
shown below in Figure 3. The UK DCP 3.1 software was used for the analysis and interpretation of the data
collected [8, 28-30]. The DCPT was done when the study site is at its maximum moisture content [31].
CBR was calculated using the Transport and Road Research Laboratory (TRL) relationship [32] in equation
1, and modified for moisture (water) content as shown in Table 2.

Log SR = 2.48 — 1.057 Log{Pe" ™) "
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Figure 2. Geological map of the Campus showing predominant schistose quartzite formation (Source:
Geological field mapping, 2022)

2.4. Design Parameters
2.4.1. Traffic Count and Estimate Single-axle load Computation

Classified volume counts (traffic survey) was done for two weeks (fourteen days) by taking record of
all vehicles traversing the count point in each direction in the institution per day. The count points are
denoted as TRC-1 and TRC-2, hence from the values obtained, the design thickness for pavement was
estimated [3, 8]. The classified traffic volume counts at two locations were undertaken continuously for 10
hours. The survey was carried out between 7:00am to 5:00pm corresponding to peak or maximum period
of traffic. The obtained data was converted to annual average daily traffic (AADT) and equivalent standard
axle load (ESAL), which is summarized in Table 3. However, bicycle, tricycle, and motorcycle were
neglected. The traffic count was based on the total number of equivalent standard axle loads (ESAL), the
standard axle load being 80 kN. The ESAL is usually calculated from the axle load studies, and converting
the actual axle loads to 80 kN axle loads, using equivalency factors, which depends on type of pavement,
structural number, thickness of pavement, terminal pavement serviceability, and index, whether the axles
are single, tandem or tridem [6]. The traffic data collected was projected at annual rate of 10 % to the year
2044 (20 years projection) based on Table 1 for low volume, paved road. The number of vehicles estimated
for year 2044 was converted into cumulative ESAL.

Table 1. Analysis period according to AASHTO [26]

Pavement conditions Analysis period years)
High volume, urban 30-50
High volume, rural 20-50
Low volume, paved 15-25
Low volume, aggregate surface 10-20

Table 2. CBR Adjustment Factor according to TRL [32]

Surface Ratio of in-situ moisture to Default CBR
moisture OMC (modified AASHTO) Adjustment Factor

Wet 1 1

Moderate 0.75 0.71

Dry 0.5 0.51

Very dry 0.25 0.37

Unknown (not - 0.5
assessed or difficult
to assess
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2.4.2 Trend Analysis

For the purposes of economic analysis, pavement design, and geometric design, future traffic estimate
is crucial [8]. Hence for this study, equation 2 was used in predicting the number traffic (calculated to be
2153) in the next 20 years.

Tp=To(1+1)" (2)

Where n is number of years, TO traffic in the year 0, Tx is traffic in year n, r is rate of growth.
Consequently based on the annual average daily traffic, the standard axles (cumulative) was projected for
20-year design period, and was estimated to be 19.97 msa using equation 3.

__ 365XAXVDF[(1+1)"-1]

Ny = (3)
T
where “Ns” is cumulative number of standard axle for the design, “A” is initial traffic of commercial
vehicles per day, duly adjusted to account for traffic lane distribution according to Table 4 (0.80), “r” is
yearly growth rate of commercial traffic, “n” is design lifespan in years, VDF is vehicle damage factor. The

VDF (3.0) was obtained using Table 5.

2.4.3 Reliability of pavement design performance (R %)

This is a probabilistic approach, whereby each design factor is assigned an appropriate factor of safety,
with a mean and variance. In other words, is the likelihood a pavement designed using the AASHTO [26]
design empirical method will perform acceptably irrespective of traffic and environmental circumstances
for its design lifespan [3, 8], as shown in Table 6. The reliability factor FR is estimated using equation 4:

logl0FR = —ZS, 4)
where FR is reliability factor obtained from Table 6, and is standard normal variant for given reliability

(R %) obtained using Table 6. The standard deviation range was taken to be 90%. A standard deviation of
0.45 is appropriate for a flexible pavement and 0.35 for rigid pavements (Tables 7 - 8).

b S R Sla
igure 3. DCPT taken on site
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Table 3. Annual Average Daily Traffic

S/N  Vehicle class Average TRC-1 TRC-2  AVG Equivalence ESAL ESAL
Axle factor vehicular
weight distribution
(kg) (%)

1 Small car 1100 107 93 100 0.0012 2695 313

2 Medium car 1400 82 69 76 0.0016 26.068 23.6

3 Suv 2000 38 24 31 0.0022 1519 9.7

4 Hilus 2000 24 18 21 0.0022 10.29 6.6

5 Vans 3500 18 22 20 0.2552 1715 6.3

6 Ambulance 5000 5 8 7 0.1618 8.575 2.0

7 Taxi 5000 40 36 38 0.1618 51.44571 119

8 Small bus 6500 4 3 4 0.0246 7.039939 1.1

9 Medium bus 7500 4 8 6 0.0283 13.46597 1.9

10 Large bus 8500 3 7 5 0.0729 209.1407 1.6

11 Truck 2 axle 9000 2 1 2 0.1092 7.270861 0.5

13 Truck 3 axle 10000 1 2 2 0.1663 12.1181 0.5

14 Multi axle 12000 8 12 10 0.3281 2407.778 3.1

15 Total 320 2812.483

Source: Fieldwork, 2024
Table 4. Lane Distribution Factor [6]
Number of lanes in each direction Percentage of ESAL in design lane
1 100
2 80 -100
3 60 -80
4 50-75
Table 5. Values of VDF [6]
Number of commercial vehicle Terrain
per day Rolling/Plain Hilly
0-150 1.5 0.5
150 - 1500 35 1.5
More than 1500 4.5 2.5
Table 6. Reliability levels [26]
Highway class Recommended reliability
Urban Rural

Interstate and other freeways 85-99.9 80-99.9

Principal arterials 80-99 75-95

Collectors 80-95 75-95

Local 50-80 50-80

Table 7. Standard normal deviate for different values of reliability [26]

Reliability (%) Standard normal deviate (Zz)
50 0.000
60 -0.253
70 -0.524
85 -0.841
90 -1.282
95 -1.645
99 -2.327
99.9 -3.090

Table 8. Suggested Levels of Reliability for various Functional Classification [26]

Pavement
Flexible 0.40 - 0.50
Rigid 0.30 - 0.40
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2.4.4 Performance Criteria

The state of pavement can be assessed using present serviceability index (PSI), which has a range of 0-
5. The 0 value denotes bad/impossible to travel pavement and 5 demotes perfect pavement. The difference
between initial and final serviceability indexes (Po and Pt is called serviceability loss (APSI). The APSI is
the main foundation for pavement design is. A value of 2.5 is commonly adopted for major (high traffic)
highways, whereas 2.0 is tolerated for highways with lower traffic [6].

Using the above parameters, the thickness of the proposed flexible pavement followed AASHTO design
equation, as shown in Equation 5.

APSI
A
_ 4+
lOgVVIB = ZTSO + 93610g(SN + 1) —0.20 + W
+2.32log M, — 8.07 5)

where; WI8 is Predicted number of 18-kip ESAL, Z: is standard normal deviate, So is combined standard
error of the traffic prediction and performance prediction, APSI is difference between the initial design
serviceability index Po and the design terminal serviceability index P, M is resilient modulus in psi, SN is
structural number.

2.4.5 Determination of Resilient Modulus

One essential soil parameter that gauges soil stiffness is the effective roadbed modulus. It is employed
in mechanistic pavement thickness design and is impacted by applied loads, soil physical characteristics,
stress state, and soil type structure [24-25, 33]. Aside from CBR, resilient modulus (Mr) was also measured
since the subgrade layer affects pavement performance. Either directly from the DCP data or indirectly
from the relationship between subgrade modulus (Mr) and CBR, the subgrade resilient modulus may be
ascertained. Hence for this study, it was derived using the relationship (equation 10) according to Carter
and Bentley [34].

Mgr(Kpa) = —3279PI1 + 114100 (6)
2.4.6 Estimation of Pavement Structural Number

Structural Number (SN) is a metric that shows how strong the pavement layers and the entire
pavement structure are (35). By multiplying the layer material specific coefficient by the layer thickness,
one may experimentally determine the contribution of a base/sub-base layer to a pavement's overall
structural number (SN), as shown in equation 7.

SN = Y a;d;m; = a;d; + a,d,m, + azds;m, (7)

where; a; a,, a; are layer coefficients for the wear, base, and subbase respectively (Table 9); d,, d,, d;, are
layer thickness (inches) of the wear, base, and subbase respectively; m,, ms, are drainage coefficients for
base and sub-base courses (Table 10). The layer coefficient a, for asphalt concrete wear course is a function
of resilient modulus, given in Table 9.

2.4.7 The effective modulus of subgrade reaction

The concrete effective modulus of subgrade reaction (K, in psi) increases with its strength. It
determines the relative stiffness of the slab, and hence is a governing factor in design. The concrete elastic
modulus (Ec) in psi is related to compressive strength (f, = 3500 psi) as shown in equation 8. The typical
compressive strength of concrete ranges from 2500 - 5000 psi. However, this range values can vary
depending on the intended use. It can also be estimated from the characteristic cube strength of concrete.
For this study, the compressive strength of the concrete was 3500 psi, and gives Ec of 3372165.48 psi.

E. = 57000(f)*° (8)
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Table 9. Surface Layer coefficient, with corresponding resilient modulus and CBR [26]

Resilient modulus (psi) aq CBR a, CBR as
450,000 0.44 100 0.14 100 0.14
400,000 0.42 55 0.12 40 0.12
300,000 0.36 45 0.11 30 0.11
200,000 0.30 30 0.09 25 0.10
100,000 0.20 20 0.07 15 0.09
10 0.08

Table 10. Modifiers, a_2 and m_3, for layer coefficients for drainage conditions [26]

Quality of Percentage of time pavement is exposed to moisture levels approaching saturation

drainage Less than 1% 1-5% 5-25% Greater than 25%
Excellent 1.40-1.35 1.35-1.30 1.30-1.20 1.20

Good 1.35-1.25 1.25-1.15 1.15-1.00 1.00

Fair 1.25-1.15 1.15-1.05 1.00-0.80 0.80

Poor 1.15-1.05 1.05-0.80 0.80-0.60 0.60

Very poor 1.05-0.95 0.95-0.75 0.75-0.40 0.40

2.4.8 Concrete modulus of rupture (S;,)

The modulus of rupture (S;) or flexural strength for cement concrete, was incorporated into the design,
by conducting cube test, and the value (average) after 28 days of curing was recorded. This value generally
varies from about 39 to 56 kg/cm?, however IRC suggests 38 - 42 kg/cm? for the initial design.

2.4.9 Load transfer coefficient
The capacity of a concrete pavement to transfer load over discontinuities, such joints or cracks, is taken

into consideration by this coefficient, as shown in Table 11.

Table 11. Load transfer coefficient [26]

Shoulder Asphalt Tied cement concrete

Load transfer devices Yes No Yes No
Plain jointed and jointed 3.2 38-44 25-31 36-42
reinforced

CRCP 29-32 N/A 23-29 N/A

2.4.10 Drainage coefficient (Cd)

The drainage coefficient is dependent on the drainage's quality as well as the year-round moisture
content and level. Excellent to extremely bad is the range of drainage quality classifications. For this study
0.90 was adopted from Table 12.

Table 12. Recommended values of drainage coefficient [26]

Quality of Percent of Time Pavement Structure is Exposed to Moisture Levels Approaching Saturation
drainage Less than 1% 1-5% 5-25% Greater than 25%
Excellent 1.25-1.20 1.20-1.15 1.15-1.10 1.10

Good 1.20-1.15 1.15-1.10 1.10-1.00 1.00

Fair 1.15-1.10 1.10-1.00 1.00-0.90 0.90

Poor 1.10-1.00 1.00-0.90 0.90-0.80 0.80

Very Poor 1.00 - 0.90 0.90-0.80 0.80-0.70 0.70
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3 Results and discussion

3.1 DCPT Analysis

The result of the DCPT is presented in Table 13. The penetrative index ranged between 0.1 - 6.4
mm/blow, with an average of 0.83 mm/blow. Schistose quartzite recorded values ranging from 0.1 - 6.4,
with an average of 0.88 mm/blow, while that of quartzite is between 0.1 and 1.9 mm/blow. This shows that
quartzite offers more resistance to penetration than the schistose quartzite. This could as result of high
micaceous minerals present in schistose quartzite (4). The range of cumulative number of blows recorded
at average refusal depths of 619 mm (schistose quartzite) and 543 mm, are 56 - 123 (avg. 94) and 54 - 132
(avg. 100) respectively. The obtained CBR was a little bit higher in schistose environment (49.9 %) than
quartzite derived soil (47.7 %). Based on analysis of the DCPT data, two layers were delineated within the
penetrative depth (approximately 100 cm), and typical curves are shown in Figure 4. From the curves, the
competent layer suited for the pavement design and construction ranged from 234 - 874 mm (avg. 587
mm) in schistose quartzite and 321 - 857 mm (avg. 501 mm) in quartzite derived soil, while the regional
average is 565 mm. This implies that the upper 0.6 m of the soil must be excavated, so that the pavement
can sit on competent subgrade soil.

The subgrade modulus reaction, which was determined from the DCPT penetrative index showed a
regional average of 15.59 ksi, but slightly higher values were in quartzite (15.65 ksi), while the minimum
value recorded fall within the schistose quartzite. Consequently, the quartzite derived soil showed more
competence than schistose quartzite derived soils in the environment, even though the variance is very
slight, however this cannot be overlook during the design stage, especially the flexible pavement design.

3.2 Traffic volume survey

The result of the classified traffic volume survey that was is presented in Table 3, the distribution
showed that the small car (31.3 %), medium car (23.6 %), and taxi (11.9 %) had the highest percentage of
road traffic (Table 3). The traffic count data was converted to AADT and ESAL, gives design load of 19.97
msa for the 20 years projection (design life).

3.3 Pavement Thickness

The pavement thickness derived from the design charts (36) as shown in Figures 5 and 6. The overall
thickness of the rigid pavement is calculated to be 243 mm (9.6 inches). In case of flexible pavement,
according to the DCP in-situ test analysis, the roadway is projected to embrace three structural layers
(wearing course, base, and subbase) with the subgrade/foundation soil. The result of the flexible pavement
thickness (for wearing course, base, and subbase) is 375 mm (14.8 inches) in schistose quartzite, and 366
mm (14.4 inches) in quartzite environment, for structural number (SN) of 3.18 and 3.16 respectively. These
design thicknesses are adequate for 20 years of projection. The analysis of the each layer in both schistose
quartzite and quartzite environment is shown in Table 14. The mean values inputted into equation 5, are
presented in Table 15, while 241.3 mm (9.5 inches) was obtained on the design chart (Figure 6).
Consequently, the design thickness derived from the DCP computation for the proposed flexible pavement
is shown in Table 16, with the thickness of the subgrade taken to be 300 mm (11.8 in). This thickness is
tolerable and sufficient for the pavement considering the traffic volume and geology of the area.
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Table 13. Summary of the geotechnical Properties of the Investigated Soil
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Sample East North Geology  PI No. of Depth CBR Thickness Depth Mg
No (mm/blow) blows at (%) (mm) (mm) (Ksi)
At Refusal refusal
(mm)

S1 783243 798963 Schistose 1.80 85 471 50 338 338 15.15
quartzite

S2 783218 799254 Schistose 6.40 123 726 50 69 471 13.04
quartzite

S3 782845 799543 Quartzite 0.10 96 794 50 69 471 15.93

S4 782706 799918 Schistose 0.10 96 794 50 63 794 15.93
quartzite

S5 782659 800097 Schistose 0.30 108 473 50 222 473 15.84
quartzite

Sé 782963 798952 Schistose 0.70 93 668 92 177 668 15.65
quartzite

S7 782575 798973 Schistose 0.30 117 387 50 194 387 15.84
quartzite

S8 782593 799356 Quartzite 0.20 132 411 50 194 387 15.88

S9 783000 799192 Schistose 0.50 107 694 50 24 694 15.74
quartzite

S10 782994 799342 Schistose 0.60 102 759 50 136 759 15.70
quartzite

S11 783081 799481 Quartzite 0.40 94 748 50 166 748 15.79

S12 783164 799560 Schistose 0.40 95 746 50 282 371 15.79
quartzite

S13 782555 799723 Quartzite 0.80 54 857 29 260 857 15.61

S14 782538 800002 Schistose 0.50 91 790 48 305 790 15.74
quartzite

S15 782467 800242 Schistose 1.30 93 874 47 394 874 15.38
quartzite

S16 782355 800179 Schistose 0.40 80 588 50 131 588 15.79
quartzite

S17 782376 800269 Schistose 1.0 71 666 47 268 666 15.51
quartzite

S18 782323 800650 Quartzite 0.80 75 610 50 212 610 15.61

S19 782179 800212 Schistose 0.20 79 479 50 127 479 15.88
quartzite

S20 782169 799866 Schistose 0.20 110 595 50 188 595 15.88
quartzite

S21 782091 799647 Schistose 0.40 101 697 50 220 697 15.79
quartzite

S22 781975 799360 Schistose 0.40 97 438 50 139 438 15.79
quartzite

S23 782353 799831 Schistose 1.60 94 841 34 553 841 15.24
quartzite

S24 788275 799577 Schistose 0.40 108 690 50 223 690 15.79
quartzite

S25 782259 799488 Schistose 0.20 88 366 50 127 366 15.88
quartzite

S26 781869 800145 Schistose 0.20 63 234 50 118 234 15.88
quartzite

S27 781818 800170 Schistose 0.80 56 408 49 226 408 15.61
quartzite

S28 781797 800015 Schistose 1.70 107 853 31 744 853 15.19
quartzite

S29 781680 800070 Schistose 0.60 94 624 50 183 624 15.70
quartzite

S30 781563 799497 Quartzite 1.90 117 358 50 239 358 15.10

S31 781497 799617 Quartzite 0.50 97 321 50 176 321 15.74

S32 781474 799859 Quartzite 1.20 125 335 50 250 351 15.42

S33 781260 799322 Quartzite 0.50 114 450 50 158 450 15.74

284



Engineering Applications, 2024, 3(3), 275-291

CAR

10000 5000 2000 1000 500 200
[1}

100

50 20

50

100

150

200

250

Depth (mm)

300

350

400

450 +

500

S5

CBR
1000 500 200 100 50 20
[1}

100

200

300

400

500

Depth (mm)
+

600

700

an0

S13

5000

CBR
2000 1000 500 200 100

50 20 10

10000
a

20
40
60
80
100

120

Depth (mm)

140

160

180

200

220

240

Figure 4. Typical curve obtained from DCPT, showing the plot of CBR (%) with depth/layer’s thickness

(mm) at different location points.

Depth (mm)

Depth (mm)

285

CER
1000 500 200 100 50 20 10
0
i
100
+
+
200 -+
+
300
+
400 +
500 r
600
+
700 . -
| o S11
800
CER:
10000 5000 2000 1000 SO0 200 100 SO 20 2 1
0
50
100 +
+
150
+
200
+
250
300 *
350
400 x4
Y
450
9 S19
"
500
CER
10000 5000 2000 1000 SO0 200 100 S0 20 10
o . h . " " ! h !
+
50
+
100
+
+
150 +
— + +H
£ b
£ 20 +
B +
[=]
+
250
¥
300
+
350 =2 sS32
400




Engineering Applications, 2024, 3(3), 275-291

\\
4~ =
- w
| S e
& m— = s
< — ©
- © =
LS -~ 2 Qg
= - — N
= . ©®» T
[ gl —-— c @©
© n o S
8 1w = &3
L= S 2
3 ST~ o
L 5 4 o 3
o 2 2 w
4|0H2|o I1\O\II\5\\\\ | ]
R/ T T
Effective Roadbed soil
Resilignt Modulus My (ksi)
/
/
/
/
/
/
/
/
a
/
/
/
/
/
/
Estimated total 18-kip Equivalent
Single axle load applications W, (millions)
P HH——— } ot HH-H
50 0 5. 1.0 0.5 0.1 0.05
99.9 99 95 90 80 70 60 50

Reliability (R), %
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Table 14. Flexible Pavement Layer details

Match line

Layer thickness Quartzite Schistose quartzite
Surface 50 mm 50 mm
Base 315 mm 320 mm
Subbase 301 mm 305 mm
Table 15. Pavement Evaluation Parameters

Parameter Value

Subgrade CBR 49 %

Minimum thickness of subgrade 400 mm

Design Approach AASHTO method

Concrete elastic modulus (106 psi) 34

Modulus of subgrade 15.59 ksi

Concrete modulus of rupture 569 psi

Load transfer coefficient 4.0

Drainage coefficient 0.9

Initial serviceability 4.0

Terminal serviceability 2.0

Serviceability loss 2.0

Overall Standard deviation 0.35

Reliability 0.90

Resilient modulus of subgrade 15.59 pci

Table 16. DCP Test Results obtained for the flexible pavement

Layer Thickness (mm)

Quartzite Schistose Quartzite
Wearing Course 50 50
Base 146 151
Subbase 170 174
Subgrade 300 300
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4, Conclusion

The design of flexible and rigid pavements for major campus road straddling schistose quartzite and
quartzite dominated rocks in RUGIPO, Ondo State, Southwestern Nigeria has been completed. The DCPT
data showed that the quartzite derived soil are slightly competent than schistose quartzite, with both
having overlapping strength values in many locations. The flexible pavement design thickness (without
subgrade) and structural number are 375 mm (14.8 inches) in schistose quartzite, and 366 mm (14.4
inches) in quartzite environment, for structural number (SN) of 3.18 and 3.16 respectively, for 20 years
projection. The rigid pavement design gave a thickness of 243 mm (9.6 inches). This thickness is tolerable
and adequate for the proposed pavement considering the 20 years projection, traffic volume and geology
ofthe area. Therefore both design thickness and other parameters of the proposed pavements are therefore
recommended. Nevertheless, the initial cost of constructing rigid road is very higher than flexible pavement
i.e,, usually doubled the cost of flexible road in Nigeria. Even though in the long run, the cost of maintaining
flexible pavement can make the overall sum more costly than rigid pavement. Apart from this factor, the
schistose quartzite/quartz schist is the most widespread rock in the area, whose major soil derivatives are
sandy clay or clayey sand depending on degree of weathering. Thus, in most cases, the clayey/silty
composition are usually higher in proportion to sand in many soil samples. Therefore, clayey soil (A-7-5/A-
7-6) is usually susceptible to expansion as a result of wetting and drying, which the weather condition in
the study will continuously enhance, since rainfall intensity is more than 1500 mm annually in the study
area. Therefore, in light of these, the rigid pavement is recommended based on strength, maintenance cost,
long term performance (20 years projection), durability, longevity/serviceability life-span, adaptability to
extreme weather condition, lower water penetration potential, and less noise pollution (due to high degree
of serenity expected in academic environment).
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