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1. INTRODUCTION

ABSTRACT

The studies of the present work were focused on the failures of the road which
connects Kemessie and Dessie towns, Amhara Region of Ethiopia. The main
factors for the failures were subgrade soil properties and low-quality sub-
base. The faulty road regions were identified and the soil samples were
collected from different regions. Various testing techniques were applied
namely sieve analysis, Atterberg limits, compaction and California bearing
ratio. The col- lected samples falling in AASHTO classification A-2-6 to A-7-
6, was tested in the laboratory and found fine contents, ranging from 17.8 to
84.3%, liquid limit of 38.05 to 74.35%, plastic limit of 21.2 to 38%, plasticity
index of 16.85 to 49.25%. Furthermore, the samples were tested for
Maximum Dry Density and Optimum Moisture Content. The Maximum Dry
Density range was found 1.33 to 1.96 Kg/m® and the Optimum Moisture
Content range was found 12.78 to 28.6%. The California Bearing Ratio was
found in the range 3 to 50.6%. Sim-ilarly, the sub - base material was tested
and found Plasticity Index in the range 6.7- 18.05 and Maximum dry density
in the range 1.74- 2.25 kg/m3. The soaked specimen’s California bearing ratio
range was 7- 20.71%. The test re- sults disclosed the poor standards and not
maintained the standards of the Ethi- opian Road Authority. Therefore, the
above factors indicate poor road con- struction. The recommendations made
in this study will be useful to the high- way engineers for effective

maintenance and for better road construction.

Keywords: Atterberg Limit, California Bearing Ratio, Particle Size, Proctor

Test, Road Failure

layer of natural soil upon which the pavement or sub-

A pavement section may be generally defined as the
structural material placed above a subgrade layer. In as-
phaltic pavement, it is typically a multi-layered system
comprising the subgrade (support), sub-base, base
course and surfacing. Its principal function is to receive
load from the traffic and transmits it through the layers
to the subgrade [17]. The subgrade is the part of the
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base is built. Subgrade soil provides support to the re-
mainder of the pavement system. The quality of the sub-
grade will greatly influence the pavement design and the
actual useful life of the pavement that is constructed.
The importance of a good quality subgrade to the long
term life of the pavement cannot be understated. As the

pavement reaches design life, the subgrade will not have
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to be reconstructed in order to support the rehabilitated
subgrade or the reconstructed pavement. In urban areas,
subgrade basic engineering properties are required for
design [14]. Distress is an important factor of pavement
design. In the empirical methods each failure criterion
should be developed separately to take care of each spe-
cific distress. Unfortunately, most of the distresses are
caused by the deficiencies in construction, materials and
maintenance rather than design. However, knowledge
of the various types of distress is important to pavement
designers. It can help to identify the causes of the dis-
tress. If distress is due to improper design, improvement
in the design method can be made. Furthermore, the
evaluation of pavement distress is an important part of
the pavement management system by which an effective
strategy can be developed for maintenance and rehabil-
itation [3]. Pavement distress is the major problem of
the roads and occurred all over Ethiopia. One of those
affected roads is the road connecting Kemmise and Des-
sie. The effect of pavement distress in and around these
segments results in different structural failures, espe-
cially in the road structure. However; nothing has been
done so far with regard to failures on the Kemmise to
Dessie road segments. The distress causes mainly edge
defects, depressions, corrugated cracks, alligator cracks,
longitudinal cracks and large potholes. The Kemise to
Dessie trunk road network has a design life span of 20
years. Nevertheless, the damages of the pavements oc-
curred earlier than the expected life span. Recently, the
major problems faced in the road segment from Kemise
to Dessie are the lower strength of pavement soil layers
and poor performance of natural subgrade. These prob-
lems mainly damage the road and the pavement soil ma-
terials. Therefore, the lifespan of the road become
shorter. The present study is based on literature review,
field observations, and experimental analysis of tests of
samples. As part of study, investigations of the causes
of pavement distresses, interpretation and evaluation of

experimental data will be presented.
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2. MATERIALS AND METHODS

2.1 Description of the study area

The study area undertaken was Kemmise to Desssie
road section which is located in Amhara region. The
length of road segment is 76km. In between Kemissie
and Dessie, the road connects Harbu and Kombolcha
towns and it pass through different kebeles. The study
area started from Kemissie town (1424 m above sea
level) and ended at Dessie town (2470 m above sea
level). The study area’s altitude range is between 1400
to 2500 m above sea level, on an average. The topogra-
phy of the road terrain can be classified as flat, rolling
and mountainous terrain.

2.2 Details of study design and data collection

The experimental study consisted of two tasks; field
work and laboratory tests. The field work includes the
observation of the road environment and collection of
samples from different locations within the study area.
The experiments were focused on investigating the pos-
sible causes of pavement distress and the engineering
properties of subgrade soil, sub base materials, and cap-
ping layer conditions. The samples were tested to meas-
ure physical properties of the soil such as materials
strength, moisture content, grain size distribution, den-
sity, California Bearing Ratio (CBR) and Atterberg lim-
its. In addition, Sieve analysis also has been performed.
In this study, samples were collected from the prevalent
distressed road segments. Sub-base and subgrade mate-
rials were collected from each damaged section of the
road based on the layers of pavement materials. The
road segment was surveyed and photograph images of
the damaged road were taken. The road conditions were
visually inspected and different soil samples were col-
lected from damaged areas. Preliminary visual survey
was undertaken along the Kemmise - Dessie road seg-
ment. Field observations were performed and repre-
sentative samples were transported to the laboratory for

testing. The samples were tested and the results were
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compared with different design specifications. The ini- were categorized. Based on the failure conditions, suit-

tial site visit was considered on the whole portion of the able locations were selected for the sample collection.

road. After finishing the initial visual inspection, the As part of the testing, seven distressed locations were

conditions of the road failures along the road section

identified and samples were collected.

Table 1: Details of the affected road samples and the description
of associated problems

Sample Associated Problem  with the sample Description of the problem
Notation
Sample 1 Roughness, accumulation of debris, water pond | Progressive disintegration of a pavement layer
formation and vehicle’s skidding on the pave- | from the damaged surface due to dislodgement
ment of aggregate particles
Sample 2 Moisture infiltration and  roughness of the | Transverse cracks perpendicular to the pave-
pavement ment's centerline
( thermal cracking)
Sample 3 Pavement Roughness due to patching Damaged pavement was repaired with the new
material
Sample 4 | Transversal depression on the pavement Depressions on pavement due to non-uniform
road surface
Sample 5 Distortions on the pavement Corrugation and Shoving
due to heavy traffic at a particular position on the
pavement
Sample 6 Occurrence of shear on the pavement and ve- | Deformation of sides (rut formation) due to rain
hicle pulling to the side of the road water accumulation.
Sample 7 Roughness due to bowl shaped voids and mois- | Pothole depressions occurred due to frequent ve-
ture infiltration hicle passing.

a 57 Sample Six

L= Sample Four .
97 Sample Three &3

” Sample Two

Dot

7 Sample One

Fig. 1: Google map showing the location of damaged road pavement [20]
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Fig. 2(a): Photograph image showing pavement distress of a road segment between Kemissie and Dessie; Fig.2(b): Sam-
ple -1 collection from pavement dislodgement; Fig.2(c): Sample-11 collection from transverse crack; Fig. 2(d): Sample-
111 collection from patched pavement; Fig. 2(e): Sample-1V collection from non-uniform road surface; Fig. 2(f): Sample-
V collection from distorted road surface; Fig. 2(g): Sample-VI collection from sheared road surface; Fig.2(h): Sample-
VII collection from potholed pavement.

2.3 Experlmgntql procedures and sample (i.e, from Sieve No. 10 (2.00mm) to Sieve No0.200
categorization

After collection, soil samples were stored in polythene (0.075mm) to remove large particles. Their properties

. . were studied and determined to check their correlations
bags for not to lose moisture content. Before performing

the tests, deleterious materials from samples were re- among various factors proposed in the study.

moved. The samples were air dried, broken down with All collected samples have been taken to the laboratory

mortar, pestled and passed through a set of sieve (Ethiopian Railways Corporation (Yapi Merkezi)) and
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for making the characterization. The collected sam-
ples were categorized based on soil properties. Test re-
sults were interpreted for its categorization to determine
index properties, strength and maximum dry density of
the failed road surface. The failures of the pavement
have been identified after the comparison with standard
design manuals AASHTO and ASTM. In addition to the
experimental investigation of the samples, qualitative
analysis was made based on site observation.

Details of the Sieve Analysis: The sieving was done by
mechanical method using an automatic shaker and a set
of sieves. Later, Sieve Analysis was performed in order
to determine the soil particle size distribution as per
standards (AASHTO T-11, 27, 88 or ASTM D 422-
Method of test for soil Grain Size analysis). The col-
lected samples were washed using BS 200, oven-dried
with air and tested.

Details of Atterberg Limit Test: This test as per stand-
ards (AASHTO T-89 and T-90 or ASTM D 4318) was
used to determine liquid limit, plastic limit and plastic-
ity index, settlement characteristics of the collected
samples. For the determination of liquid limit, the soil
samples were passed through 425 um sized sieve. The
samples of mass 200 g were mixed with water to form a
thick homogeneous paste. The paste was placed inside
the grove of the Casangrade’s apparatus and the number
of blows required to close it were recorded.

For the plastic limit determination, the sample of mass
200 g was collected and passed through a 425um sized
sieve and then mixed with water till it became homoge-
neous. The homogenous paste from the plastic form
turned into the ball shaped structure. Then, the ball
shaped structures were allowed to roll on a plain glass
plate. It is found that the rolling of the ball breaks the
thread of size 3 mm in an oven at the temperature
105 °C. Thus, the plastic limit was determined. Details
of Proctor Test: This test as per standards (ASTM D 698
for standard effort and ASTM D 1557) was used to test

for compaction of natural, sub-base and subgrade soil
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particles based on AASHTO T-180 standard. The com-
paction test (in terms of dry weight) is necessary to de-
termine the bearing capacity, slope stability and to eval-
uate undesirable volume changes and curb undesirable
settlement of structures. A mold was prepared from the
sample in five layers and then was rammed by a 4.5 kg
rammer.

Details of CBR Test: This test as per standard
(AASHTO T-193) was used to evaluate the mechanical
strength of a fill material, sub-grade and sub-base soil
material. A certain amount of the sample was air-dried
and mixed with suitable vapors of water. The mixture
was put in the mold of CBR with five layers. Each layer
The

compacted soil was weighed and placed under a CBR

was pressed at 56 blows with a 4.5 kg hammer.

machine under the seating load. Load was recorded at
various penetrations: 0.625, 1.25, 1.875, 2.54, 3.75,
5.08, 7.5, 10 and 12.5 mm.

3. RESULTS AND DISCUSSIONS

Soil subgrade and aggregate are the most important con-
stituents of highway or pavement structure. Subgrades
can be natural or stabilized on which all the other layers
rest upon. Hence, the overall performance of pavement
layers as a whole mainly depends on the strength of the
sub-grade.

In this study, British standard, AASHTO standard
method and ASTM standard tests were used for the ex-
perimental analysis. The causes of deterioration and the
selection of appropriate remedial treatments needs con-
firmatory testing. When a road is failing, it is perhaps,
quite natural to want to concentrate investigations on the
failed areas. However, this is not always the best option,
especially if structural failures such as cracks, ruts, pot-
holes are occurring.

When water sinks into the failed road structures, then
the properties of the pavement materials shall change
considerably and this leads to trouble for identifying the
main cause of the failure. The occurrences of such af-

fected sites were shown in Figure 2. In the laboratory
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necessary tests were conducted to determine the right
choice for subgrade, sub-base and fill materials using
British, AASHTO and ASTM standards.

Table 2: Summary of test results for particle size distribution, Atterberg limits, maximum dry density, optimum
moisture content and california bearing Ratio

o Particle size Atterberg Modified Soaked
g |E distribution limits proctor test CBR (%)
8 |E¢ Liquid | Plastic | Plasticity
S 123 Gravel | Sand Clay | Limit | Limit | Index MDD | OMC 2.5 5.08
S (%) (%) (%) (%) (%) (%) Kgm¥)| (%) | mm | mm
Sub-base
60.8 20.3 18.9 47.3 29.25 18.05 1.696 |20.69 5.9 7.0
Selected
1 | fill 58.3 18.9 22.8 4895 | 28.45 20.5 1.787 |20.33 |17.4 22.3
Natural
subgrade | 47.2 35 17.8 47.4 29.05 18.35 1.664 |22.03 [26.9 31.7
Sub-base
63.5 17.7 18.8 4496 | 27.15 17.81 1.766 |20.69 [18.3 19.4
2 | Natural
subgrade 104 |5.3 84.3 71.05 |38 33.05 1.326 28.6 3.3 3.3
Sub-base
78.3 12.8 8.9 34.84 | 25.55 9.29 2.085 10.7 47.7 60.2
Selected
3 | fill 66.6 15.4 18 47.08 | 29.55 17.53 1.826 17.6 15.1 14.3
Natural
subgrade | 55.5 17.4 27.1 41.09 | 229 18.19 1.72 18.88 |16.5 22.1
Sub-base
4 66.8 20.2 13 40.89 | 30.45 10.44 1.761 |18.09 [25.1 26.4
Selected
fill 73.9 14.2 11.9 38.9 24.75 14.15 1.651 |15.96 [15.5 21.3
Natural
subgrade | 13.4 5.77 80.8 7435 | 25.1 49.25 1.428 |24.06 |3 2.5
Sub-base
55.4 29.7 14.9 32.3 21 11.3 1.74 9.9 15.1 |17.02
Selected
S|l 68.9 17.28 |13.82 37.2 26 11.2 2.01 12.1 62 61
Natural
subgrade | 31.1 48.6 20.3 38.05 |21.2 16.85 1.96 12.78 48.82 |50.58
Sub-base
64.82 [2297 |12.21 23.6 16.9 6.7 2.25 8.5 53.4 |55.8
6 | Selected
fill 46.8 37.2 16 39.3 26 13.4 1.67 11.92 11.6 [13.9
Sub-base
5159 |[31.74 |16.67 33.9 22 11.9 1.992 12.9 44 55
Selected
7| fill 63.15 [20.25 |16.6 27.6 15.8 11.8 2.16 9.4 39.19 |53.2
Natural
subgrade | 5.6 11.83 |82.57 59.3 25.2 34.1 1.47 19.84 421 |3.97
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The tests carried out on each of the selected samples
were particle size distribution, Atterberg Limits / Liquid
Limit (LL), Plastic Limit (PL) and Plasticity Index (PI),
Compaction/Optimum Moisture Content (OMC), Max-
imum Dry Density (MDD) and California Bearing Ratio
(CBR). The results were compared with General Speci-
fication for roads and bridges [10], American Associa-
tion of State Highway and Transportation Officials [2]
respectively. These factors were determined in the la-
boratory and were tabulated in Table 2.

3.1 Sieve analysis (AASHTO T-11, 27, 88 or ASTM
D 422)
The particle sizes for the samples of sub-base and se-

lected fill are represented in Figure 3 and Figure 4 re-
spectively. The results revealed that the clay content for
sub-base samples ranged from 8.9% to 18.9%, whereas
for fill samples it was from 11.9 % to 22.8 %. According
to the Federal Ministry of Works and Housing (FMWH)
specification [10], the clay content for samples should
not exceed 35%. The nature of high clay content in the
samples is the main reason for the instability of road
pavement [10]. These results indicate that both sub-base
and fill materials in the study area are satisfying the
FMWH specifications.

09 bgee

o0t o 3 10 100
952 avie2

Fig.3 Graphical representation of sieve analysis
for sub-base soil samples in the road segment joining
Kemessie and Dessie
The particle size for the samples of subgrade materials
are represented in Figure 5.The results revealed that the
clay content for natural sub grade samples (sample no.
2, 4, 6 and 7) were ranged from 80.8 % to 84.3 % and

were found beyond the FMWH range. Whereas, for
the other samples (sample no.1,3 and 5) they were found
in the range 17.8 % to 27.1 % and satisfy the FMWH
range. Therefore, sample no. 2, 4, 6 and 7 are not suita-

ble for the construction of embankments.

. /4]
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“S%x

Seive Size

Fig.4 Graphical Representation of Sieve Analysis
for selected fill material in the road segment joining
Kemessie and Dessie

% Pass

Seive Size

Fig.5 Graphical representation of sieve analysis
for Subgrade material in the road segment joining
Kemessie and Dessie

3.2 Atterberg limits (AASHTO T-89 and
T-90/ASTM D4318)

Figure 6, Figure 7 and Figure 8 illustrate LL test results
for all samples in the study area. According to FMWH
the maximum permissible limits for sub-base and fill
materials are LL 30%. From Fig 6, it is found that LL of
sub-base soils ranged from 23.6% to 47.3%. As per
these results except sample no.6, the remaining are not
suitable as they are deviating from the standards.
According to FMWH the maximum permissible limits
for sub-base and fill materials are PL 30% and Pl 13%
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respectively. From the laboratory test result the PL
ranged from 16.9% to 30.45% and the PI ranged from
6.7 to 18.05. According to Ethiopian Road Authority
(ERA) specifications, the PI for the proposed rehabili-
tation project between Addis Ababa and Dessie for the
sub-base materials should not exceed 15 and for fill ma-
terial it is 25.Whereas, for the subgrade soil, its limit is
30. In this study, it is found that all samples met the re-
quirement except sample no. 1 and 2.

From Fig 6, it is found that LL for fill material is ranged
from 27.6% to 48.95%. As per these results except sam-
ple no.7, the remaining was not meeting the required

standards.

Representative Selected fill soil samples of liquid limit test graph
o

Nb
—
|

20,00 250 0.0 500 20.00 as.00 50.00 s5.00
Moisture Content, %

Fig.6 Graphical representation of liquid limit
for selected fill material in the road segment joining
Kemessie and Dessie

In the case of sub grade materials, sample no. 2, 4 and 7
do not meet the requirements of ERA. From the Fig 8,
subgrade materials having LL less than 30% are consid-
ered low compressibility and plasticity. And, for the LL
range from 30% to 50%, they are considered medium
compressibility and plasticity. Whereas, for the LL
more than 50%, the sample is considered high com-
pressibility and plasticity [9]. From the graphical repre-
sentation shown in Fig 7, sample no. 1, 3and 5 lie in the
medium range and sample no. 2, 4 and 7 lie in the high
range of the chart.

As per AASHTO the soil samples no.1, 3 and 2 are con-
sidered to be good soil for the construction of highway.
Since, not more than 3 % was through sieve no. 200.

But, sample no. 4 to 7 are considered not appropriate
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(poor to fair), since the percentage pass was greater than
35% through sieve no. 200.

Representative Natural Subgrade soil samples of liquid limit test graph
“

0

0
35.00 40.00 4500 0,00 5.00 60,00 65,00 7000 7500 80,00 BS.00

Moisture Content, %

Fig.7 Graphical representation of liquid limit
for subgrade material in the road segment joining
Kemessie and Dessie

3.3 Maximum density and optimum moisture con-
tent (ASTM D 698 or ASTM D 1557)

According to FMWH specifications, samples of sub-
base, fill and subgrade materials shall have OMC less
than 18%.In the test, it was found that sub base materials
with density 1.74 and 2.25 kg/m3 have OMC range
8.5% to 20.71%. From Figure 8, sample no. 1 and 2 of
subbase material were not suitable, whereas sample no.

4 is the best due to minimal soil modification.

Representative Sub-base soil samples of compaction test

a5 65 BS s ns 145 165 185 s ns 245
Moisture conient, %

Fig.8 Graphical representation for Compaction test for
sub-base material in the road segment joining
Kemessie and Dessie

And for fill materials, Figure 9 illustrates that the MDD
varied from 1.65 to 2.16 kg/m3 and OMC from 9.4 % to
20.33 %. Therefore, as per standards sample no. 1 was

found not to be the best fill material.
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Representative Selected fill soil samples of compaction test

220
215
210

200

18 /

Bim

185 — =
180

2

Dry Density,

170
165

160 i

150
148
Lan

135
a5 65 BS 105 125 s 165 185 205 s us
Moisture content, %

Fig. 9 Graphical representation for compaction test for
selected fill material in the road segment joining
Kemessie and Dessie

In the case of subgrade samples, the MDD ranged from
1.33 kg/m3 and 1.96 kg/m? and OMC ranged from 12.78
% to 28.6%. These were shown in Figure 10. In line
with FMWH specifications, sample no.1,2,4 and 7 are
not the best subgrade soil materials. The natural sub-
grade material sample no.3 was found to be minimal soil

modification and therefore will be the best choice.

Representative Natural Subgrade soil samples of compaction test

ample 1
170
. 168 Sample 2
160
L] ——Sample 3
s
5 L Samle 4

L6

Dry Density, kg/m

5
(0

108

Lon
45 65 8BS 105 125 W5 165 185 2085 15 U5 265 M5 308 325 M5

Maisture content, %o

Fig.10: Graphical representation for compaction test
for natural subgrade material in the road segment join-
ing Kemessie and Dessie

3.4 California bearing ratio (ASSHTO T-193)

According to ERA, for the rehabilitation project from
Addis Ababa to Dessie, the CBR should be greater than
or equal to 30% for sub-base materials, greater than or
equal to 15 % for fill materials and greater than or equal
to 5 % for subgrade materials. To find CBR all sam-

ples are soaked for four days.
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In the test, the sun-base samples resulted in the CBR
in the range from 7 % to 60.2 %. Figure 11 illustrates
that sub-base sample no. 1, 2, 4 and 5 are not suitable

sub-base materials.

Representative Sub-base soil samples of CBR Curve

Load, KN
2

Penetration, mm

==—Sample |
Sample 2
——Sample 3

—a—Sample 4

Representative Sub-base soil samples of CBR Curve (S5-87)

N

Load,

500
400
300
200
100

0.00

Penetration, mm

Fig.11: Graphical representation for california bearing
ratio for sub-base sample in the road segment joining
Kemessie and Dessie

In the case of fill soil materials CBR ranged from 11.6
% to 62 %. Figure 12 shows that the sample no. Based
on these specifications, selected fill soil sample 6 are not
suitable as selected fill material.

After the test, the CBR range for subgrade materials was
found from 3 % to 48.82 %. Figure 13 shows that the
sample no. 2, 4 and 7 are not suitable natural subgrade

samples.
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Representative Selected fill soil samples of CBR Curve

///.
-
0
w0 —
a0
w0 —
w0
480 ~— Sample 4
o
0
w0
0
200
150
1o
e

Penetration, mm

Load, KN

Representative Selected fill soil samples of CBR Curve (S85-87)

X
12.00
100
10.00
.00
£00 ——sample s
. Sample &
Sample 7
00
s00
a0
E

Fig. 12: Graphical representation for california bearing
ratio for selected fill sample in the road segment
joining Kemessie and Dessie

Load, N

Representative Natural Subgrade soil samples of CBR Curve (S5 &S7)
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——Sample 5
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1 2 El 4 5 6 7 8 ] 10 n 1z 13
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Representative Natural Subgrade soil samples of CBR Curve (S5 &57)

p—
i
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——sample 5

600 Sample 7
0o
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300 /

/

¢

1 2z 3 fl s 6 7 8 9 10 n 1z 13

Load, N

Fig.13: Graphical representation for california bearing
ratio for natural subgrade sample in the road segment
joining Kemessie and Dessie
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4. CONCLUSION

Samples sub-base, fill and natural subgrade materials
were tested for sieve analysis for grain size distribution,
Atterberg limit for Pl, Compaction test for finding MDD
and OMC, and CBR test for knowing the strength and
stability. Based on study it is concluded the following:
CBR range of natural subgrade soil sample from 3%-
50.58%.Sub-base samples have less clay content and
their PI ranges from 6.7- 18.05, MDD from 1.74kg/m3-
2.25 kg/mé and CBR from 7%- 20.71%.Fill samples
have clay content from 11.9%- 22.8%, Pl from 11.2-
20.5 and CBR from 13.9%- 62%.Low percentages of
clayey and silt/gravel /sand contents in sub-base sam-
ples and fill samples. But, the high clayey content in the
natural subgrade sample found nearly half. OMC satis-
fies the standard limits in almost all samples. Pl and LL
are high for almost all samples. The range of CBR is
satisfactory for fill samples. It does meet on many sam-
ples collected from sub-base and natural subgrade ma-
terials. Overall, the sub-base sample no. 1,2,4,5 and 7
and fill sample no.6 were found to be poor samples.
Similarly natural subgrade sample no.2, 4 and 7 also ob-
served poorly.
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