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Abstract: In the flexible pavements sub-grade is the undermost
layer for pavement structure constructed on it and used to resist
traffic load. Hence, subgrade geotechnical behaviors are
considered as measuring parameters of the pavement design and
performance. But, here Arbaminch-Chencha road s
constructed as gravel road twelve years so far without any
geotechnical investigation.

The aim of this research is geotechnical investigation and effect
of moisture content on CBR of the subgrade soil of Arbaminch-
Chencha road. This is to classify and characterize this subgrade
according to its geotechnical properties, to identify effect of
moisture on subgrade CBR for selected three soil classes.

To achieve these objectives, seventeen representative test
samples collected along the existing road. Laboratory
investigations performed for in-situ moisture content, specific
gravity, grain size analysis, Atterberg’s limit test for all pit
samples. And then soils are classified. After classification of
soils; laboratory moisture — density relationship and CBR values
are determined. The effect of moisture on its CBR was observed
for specified soil classes. For all tests the apparatus and the
procedures used for analysis were done according to ASTM and
AASHTO standards.

According to AASHTO soil classification, Arbaminch-Chencha
road subgrade soils classified as coarse and fine grained soil; but
dominated by fine grained soil class.

As per observed, laboratory maximum dry density of this soil
ranges from 1.36 gm./cc to 2.11 gm./cc and OMC range from 10
% to 30%. And four day soaked CBR Values are ranges from 3
% to 49 % under specification of 95% MDD.

Effect of moisture revealed as, CBR value reduced 4% to 28%
at dry side whereas 25% to 59% at wet side of OMC and MDD
of specified soil classes.

Saturation after 48 to 96 hours, CBR reduced from 17% to 30%
whereas 96 to 144hours reduced 7% to 20%. But, continuous
and linear reduction observed in finer soil classes.

Key words Sub Grade, classification, Characterization, Moisture

Content and CBR.
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heavy taffic flow. Hence, it gives large transportation
purpose for different areas around and far from the road.
Areas using this road are to and from Arbamibarze,
Chencha, Ezo, Ditta, Dara Malo (Waca), Abassa, and to other
currently developing small townsand villages. This
encourages the social and economic development activities of
these areas by transporting an industrial raw products
(textiles) and wide agricultural products (fruits; Apple, Apple
mango etc.), potato, maize, animals for meat) of the
Arbaminch-Chencha highlands.

Although, with having heavy traffic flow and transportation
purpose by small vehicles to heavy trucks, it is till now a low
class gravel road constructed so far without any geotechnical
investigation on its subgrade soil. As infation collected
from GamoeGofa road and transport office, Arbaminch
Chencha road is constructed under this office as a client and
they informed for this research work as no soil investigation
conducted during that time at all.

But now a day this road isnder investigation by ERA for
upgrading it to asphalt concrete level because of its heavy
transportation purpose and the rapid development of
community there. Since, every activity requires quality road
as much as possible to transport different produads
discussed in above paragraph.

Hence, the present research is directed on geotechnical
investigation and effect of moisture content on CBR values
on subgrade soil of Arbamingbhencha existing road.

2. STATEMENT OF THE PROBLEM

Investigation of soil and somaterials is so important since
all infrastructure construction projects (like roads) use
naturally occurring soils and soil Martials as the basic
foundation as well as construction materials. Unlike man
made materials, the properties of these soil aighiyn
variable and a function of the complex natural processes that

In the highway pavement structure, syiade is a naturally occurred in the geologic past. And are heterogeneous,
consolidated and/or constrect layer to resist traffic load nonlinear material, and typically anisotropic instead of being
which provides a suitable foundation for the pavement layejsotropic. As a consequence, constructions like pavement
constructed on it. Hence, sufficient information on soil classgtryctures arefacing problems related with soils and soil

characteristics and mechanical properties  (basicallyyaterials available in the project site, whose properties are
California Bearing Ratio) of foundation matéris very  often unknown and of variable quality.
important for engineering constructions; such as roag\rhaminchChencha road was constructed without any

project_s. ) ) ~ geotechnical investigation and has been giving transpamtati
ArbaminchChencha road is found in Gamo Gofa Zone, inpyrpose for the community with continuous maintenance

southern Ethiopia; which is constructed twelve years beforgyice per year on most part of the road. These maintenances
(in 2005). This road is currently gravel paved with havingare conducting just before and after rainy season. This is



because of the capacity of this road is not equivalent to its =k To classify and characterize subgrade soils found

purpose; since ivas gravel paved. along Arbaminch-Chencha road alignment; for road
Most of this road section is found in different climate zones construction purpose. By using -&itu moisture
according to Ethiopian climate zoning. Particularly, there is content, specific gravity, grain size analysis test and
high precipitation and low temperature is common at the end atterberg’s |Iimt tests
section of the study area; DorzeChencha section. Ra + To determine laboratory compaction characteristics
water stays for more than a week in poorly constructed side and subgrade CBR values of subgrade the
ditch during rainy seasons in this section. Not only climate ArbaminchChencha road and

problem, but also there is shallow ground water table near to = To experiment and evaluate the effect of moisture
the surface about 2 to 3m. T h i centergt oncsubgrade @BR in ¢head dlign@BediN O)
used for dayo day purpose of the area. Due to this, subgrade

strength (CBR value) can be affected by long term moisture 4. METHODOLOGY

saturation. But when the road comes to the starting point of

this research, climate is different from the above section; if0 achieve the objectives, seventeen (17) sampling pits areas
which precipitation isow with high temperature. selected and their geographical location is detezthin field

The subgrade strength owing to its inconsistency or variablesing GPS reading. From these sample pits, disturbed
nature poses a challenge to come up with a perfect design gibgrade soil samples were excavated to a maximum depth of
pavement on it. Since, the subgrade is always subjected 165 meters and collected for laboratory investigation (as per
change in its moisture content due to precijitgtcapillary ~ERA site investigation manual 2013).

action, flood or abrupt rise of water table. Change in moisturbaboratory tests were conductedt natural moisture content,
content causes change in the subgrade strength. Andstpeci fic gravity, Atterberg’s
becomes quite essential for an engineer to understand tA# Sseventeen samples. And moistufensity relationship,
exact nature of dependence of subgrade strength on moistf¢8R and CBR swelling under OMC is performed on ten
conent. specified pit samples.

Therefore, this research is helpful to know the geotechnicdlastly, the effect of moiste content on CBR values is
behavior and effect of moisture content on CBR values of thevaluated for different soil classes by (1) by varying moisture

subgrade soil was studied. content during preparation of CBR specimens before (dry
side) and after (wet side) OMC; (2) by extending saturation
3. OBJECTIVE OF THE STUDY period beyond 96hours (4days) to 144hours (6ddyaring
any activity for this research, special attentions paid for the
3.1General Objective sack of tropical residual soil properties; even though there is

The general objective of this research is geotechnica{?0 given standard to investigate such type of soils.

investigation for subgrade and effect of moisture content o
its subgrade CBR values of Arbamin€iencha existing
road.

Por 17 pit samples of subgrade soil along road stretch, pit
chanage was started from Chano (it stationed 9+160 by
considering 0+000 station at Arbaminch town) and proceeded
to Chencha town (pitl7; stationed 27+200) as shown in
figure 4.1. Chano town exists 9km from Arbaminch to east on
The specific objectives of this research work are: the Addis Ababa Arbamincimain highway.

3.2 Specific Objectives

Figure 4.1; Arbaminch Chencha Chano Road Profile (Google earth.com)



Location of pits taken some distance offset right hand side(RHS) or left hand side(LHS) from centerline of road, siace road

under use. So that is impossible tg dits just at centerline of road which was justified in the following table 4.1.

Table 4.1 Summary of Pit Location for each sample

Chai Location Coordinate
pit (Sgtrilgrg]])e Latitude | Longitude ( | Altitude(m)
(N) E) from msl
1 9+160 6' 07" 137343 2. 0 1262.3
2 104200 | 6' 07"' §37"' 34" 1343.86
3 11+100 | 6' 07"' §37"' 34" 1404.88
4 12+000 | 6" 7' 4 | 37'34'44.35" 1451.5
5 134060 | 6' 07"' 5 37"' 34" 1502
6 14+320 | 6' 08"' 47 37"' 34" 1612.23
7 15+380 | 6 ' 8" 37'34'49.88" 1732.788
8 16+500 | 6'09"3.27" | 37"' 34" 1818.41
9 17+660 | 6 ' 9 ' 2| 37'34'46.41"| 1958.0352
10 | 194900 | 6 ' 9 ' 4 | 37'34'39.24" 2132.1
11| 21+000 | 6" 10" 437" 34" 2220.46
12| 22+040 | 6' 10" §37"' 34" 2377.41
13 | 23+300 | 6 ' 1 1"' 4 37'34'27.02" 2462.78
14 | 24+220 6' 12 37' 34" 2559.68
15| 25+400 | 6' 13" 1 37"' 34" 2559.41
16 | 26+420 | 6' 14' ] 37"' 34" 2604.34
17 | 27+200 | 6' 14"' 4 37"' 34" 2690.75

4.1 GEOTECHNICAL INVESTIGATION
Geotechnical inveigations to be conducted are summarized in the following table 4.2

Table 4.2 Summary of tests conducted, standards, and their significance

S.No Tests conducted Test method/standard Pits investigated Selection

1 In-situ moisture content (w) AASHTO T 2650r ASTM D 2216 All 17 pits All 17 pits

2 Specific Gravity(Gs) AASHTO T100 or ASTM D854 All 17 pits All 17 pits

3 Liquid limit(LL) AASHTO T89/ASTM D 4318 All 17 pits All 17 pits

4 Plastic Limit (PL) AASHTO T90/ ASTM D 4318 All 17 pits All 17 pits

5 Sieve analysis AASHTO T 88/ ASTM D 422 All 17 pits All 17 pits

6 Moisture Density Relations of AASHTO T18097,/ ASTM For 10 from 17 Pit1,2,3,5,6,8,11,12,14
Soils D2937 pits and 16

7 CBR and swell at OMC and AASHTO T-193 For 10_from 17 Pit1,2,3,5,6,8,11,12,14
MDD pits and 16

g | Fffectofmoisture contenton AASHTO T-193 For 3 from 17 pits Pit 1,5, and 14

capacity. The variation of moisture conten soil and soil
Selection of pits for various tests was made on the followingnaterials may be developed most likely from climate change
criteria: (1) variability of subgrade soil along the roadway, (2)as discussed in chapter two.
consideratioron samples taken from these variable locationsThus, Arbamickchencha road has two different climate
are representative for overall subgrade along this road. Arebnes; these are (1) road near Arbaminch (about 9 km from
also (3) distance of minimum of 2 to 3 km distance betweed9km total road) which has more hdime and more
these pits as much as possible as per ERA pavement desigywaporation than precipitation per year and (2) the second
manual; vioumel, 2013. Manuaaommends taking strength part is road near Chencha (about 10 km from 19km total
test samples with limit of 2 to 5km to have economicalroad) part in which there is more precipitation and low
design. Since, it is too costly to design subgrade CBR with itemperature, shallow ground water table (2m to 3m). Hence,

shorter distance less than 2km. moisture flutuation and its effect on subgrade bearing
capacity were expected, particularly during rainy seasons.
4.2 Effect of Moisture Content on CBR Values of This research work was conducted to study moisture effect on
Subgrade subgrade CBR value in two ways: (1) Preparing CBR

The variation of moisturenisoils has great adverse impact onSPecimens with water contents at dry sated wet side of
quality and performance of structures constructed on tOMC and (2) preparing CBR specimens at OMC but varying
Since, increase in moisture content in substructure materifle degree of saturation (period of saturation).

decreases the engineering quality of soil; like load bearing



Three soil classes (pit; A-2-4 soil class, pib; A-7-5 soil  swelling all were determined the same way as procedures

class and pii4; A-4 soil class) were selected for the abovetaken in conventional CBR test AASTO T193.

tests. Tlese selections were made on the bases of soil

classification,CBR values and to cover over all study areaBut noisture content was taken from three points (top about 2

along the road. cm below from the top edge of the mold, middle and bottom
4.2.1 Effect of Moisture Content on CBR Values by dryin .bOUt 2cm above from the bottom ed_ge of the mold) from

and wetting ingle CBR specimen and determined as per ASTM

Materials used in this section were the same as used [Q2216/AASHTO T265. Then the averagetifee is used for

| : o . i

normal Eonventional CBR test) CBR test éction 4.1Air dqensny determination of CBR specimen for each soil.

dried soil materials passing 19mm prepared and modified CBR values and percentage of swelling for every unsoaked,

material has larger size than 19mm. soaked for 2, 4 and 6 days specimens were determined as
described. And overall observed, analyzed, tables and figures

The variable parameter selected in this case was moistLare colected in section 5.2.

content. Two moisture contents were selected gnsidte of 5 RESULTS AND DISCUSSIONS

OMC and two on wet side as discussed in chapter five and

other parameters were kept constant as much as possible. 5 1 gegtechnical Investigation

In this chapter, investig@n results discussed are:-situ

So that, four CBR specimens were prepared; two CBRygisiure content, specific gravity, soil classification tests
specimens at dry side and two on wet side. Each CBR , ¢ p as sieve anal ysis and A

specimen from these soil elses was compacted by energy ofpjagiic limit, and Plasticity Index value) are presented. Soils
56 blows per layer to make variables other than moisturg;e  ¢lassified.  Then laboratory  isuredensity

content constant. Dry density and moisture contents Wergharacteristics and CBR test under normal conditions (at
determined. Then after, these remolded CBR specimens Weg\1c and MDD) were explained.

soaked for 96 hours with surcharge load of 4.56ial and  The effect of moisture content observed under moisture

final readings for percentage of swelling were taken beforgynient other than OMC and extended degree of saturation
and after soaked for determination of swelling. period results are presented here. All taboratory results

4.2.2 Effect of Moisture on CBR values by Period ofdre summarized in tables and figure in the following sections.

Saturation ?.1.1 InSitu Moisture Content

The_ second way performed here 1o evaluate effect Rethods of determination of 4situ moisture contents in
moisture CO”ter?‘ on CER s .Of subgrade was extended samples, collected from 17 plits are presentegdeietion 4?1.
zogk;duéBaR tV<';:Iugsnof sﬂbf:]r;dle ?o? the d((a:si%nmorp gaCelmZTpe résﬁlts _ébt%uneg f?op_n these rtest§ afe pFa © te_d _nQabIQ °
structures. This was accepted by considering 96 hourg'l.' As their results indicated that th_ere was variatibn o
saturated .is the worst and CBR value at this periodhes t Moisture content observed f_rom pit to fiitble 5.1 5'1)?%'0”9 th_e
lowest and no effect could be observed ro_ad. The variation was mola_itely due to the Iocatloq _of pits _

' with respect to their elevation and weather condition. This
. . - . was not only the reason but also soil by itself varies from pit
However, this condition may difficult to accept in Some pit along the road. tsitu moisture content was relatively

conditions such as at area in which there is high rainfall an igher at higher elevation% neah@cha%agd the reverse was

low temperature soaking CB RalsoS Pué. Pl E%.ﬁﬂﬂe% contgiﬁing fine soll Qo?nl:!n'i fad thé N

saturate fully whereas at areas ihigh there is low rainfall I:\%:eater iRsitu moisture than those containing lesser fine soll

and high tem_peratl_Jre sogking CBR specimens for 96 hou more coarser particles.
not logical. Since, in the first case moisture can affect CB
values by gradual saturation for longer time than 96 hour
And for the second case 96 hours soaked CBR valigesot
economical because of no such effect could be expected.

Boils here under study for this research, thsitim moisture
content obtaing from laboratory undisturbed and disturbed
samples by ASTM D2216/ASHTO-Z65 range in between

Th for thi h the effect of ist tent 10 % to 44% except pit 16 has 73%( which was relatively
us, for this researc € efiect o moisture content w igher and close to its liquid limit). The average of all test
studied by varying saturation period 0, 2(48 hours), 4(3 esults was 30.15 % which is more likelyrange of silty and

hours) and .6(144 hours) days on CBR specimens from tho%‘?ayey soil. Since, most part of soils in the study area was
selected soil saptes.

dominated by fine grained soil class.

To do so, four CBR specimens from above three soil classes

were prepared by OMC and compacted in 56 blows per Iayeé. 1.2 Specific Gravity
Materials used here were the same material as materials url\?iéihod to determine the specific gravity is described
in section 4.2.1. These specimens (unsoaked, 2 days soake ; e :

4.1F h Its of f f
4 days soad and 6 days soaked) were soaked fOsectlon 1 From that, results of specific gravity at 200

di turati 0d q h load seventeen pit samples are tabulated in table Spkcific
corresponding saturafion periods under surcharge loa gravity of soil solidsmay vary with varying the mineralogical
4.56kg. Dry density, moisture content and percentage ¢

content of the soil.
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Table 5.1: Laboratory ksitu moisture and specific gravity summary

. Chainage Depth In situ moisture Specific Elevation(m)
P sampled(m) content (w %) Gravity From M.s.|
(station) Gs(at 20°c) o
Pit- 1 9+160 0.50 10.53 2.63 1262.30
Pit- 2 10+200 0.75 11.41 2.67 1343.86
Pit- 3 11+100 0.50 10.88 2.65 1404.88
Pit- 4 12+00 0.50 14.97 2.62 1451.50
Pit- 5 13+060 0.75 23.18 2.68 1502.00
Pit- 6 14+320 1.20 41.17 2.75 1612.23
Pit-7 15+30 0.50 24.90 2.70 1732.79
Pit- 8 16+500 0.50 9.88 2.64 1818.41
Pit-9 17+660 0.50 31.95 2.69 1958.04
Pit- 10 19+900 0.50 35.23 2.73 2132.10
Pit- 11 21+000 0.50 42.00 2.62 2220.46
Pit- 12 22+040 1.15 28.28 2.68 2377.41
Pit- 13 23+300 0.75 31.26 2.72 2462.78
Pit- 14 24+220 0.75 37.25 2.65 2559.68
Pit- 15 25+400 0.75 43.58 2.66 2559.41
Pit- 16 26+420 1.50 73.09 2.65 2604.34
Pit- 17 27+200 0.75 42.99 2.67 2690.75

is developed as summary for seventeen pit samples from

The results of specific gravity vary from soil class to So'lgrain sizeobservations and analyzed results.

class. Hence, st values of the study area varies from 2.62
2.75 which is in the range of typical specific gravity values 0 The grain size analysis results indicate that the dominant
gravel, sand, silt and clay soils. The lower values represe proportion of particle in the study area is fine soil (silt and
coarser soils and the higher values are for finer soils. clay) of average percentage of 44.17% and the second
dominancy by sand size of average of 39.01d the last
was gravel of average of 16.46%. As observed in table
The grain size analysis test performed to have group of scabove, soils are finer and finer when it approaching to higher
grains with in their corresponding sizes which are helpful foelevation along the road. Therefore, finer soils are found
plasticity characteristics and soil classification. Here table 5.;around Chencha town.

5.1.3 Grain Size Analysis

Table 5.2: Summary of grain size analysisll 17 pits

Chainage(St AASHTO T88; % ge of pass % ge of soils
PITS g Gravel(>4.75| Sand(4.75 fine(<
ations) | ) 75mm| 0-425mm | 0.075mm mrr(1) 0.0(75) 0.075r(nm)
1 9+160 59.79 31.18 25.30 40.26 34.44 25.30
2 10+200 81.04 44.85 31.28 18.96 49.76 31.28
3 11+1®@ 47.22 16.72 14.36 52.78 32.86 14.36
4 12+000 81.65 35.82 17.59 18.35 64.07 17.59
5 13+060 96.69 80.81 62.89 3.31 33.8 62.89
6 14+320 99.52 91.83 73.23 0.48 26.29 73.23
7 15+380 73.06 46.27 26.37 26.94 46.69 26.37
8 16+500 43.81 12.15 4.66 56.19 39.15 4.66
9 17+660 92.55 64.23 46.45 7.46 46.1 45.45
10 19+900 94 68.19 51.96 6.00 42.04 51.96
11 21+000 64.04 21.72 16.62 35.96 47.42 16.62
12 22+040 99.36 82.29 63.83 0.64 35.53 63.83
13 23+300 93.5 63.11 53.09 6.50 40.41 53.09
14 24+220 96.37 79.18 65.39 3.63 30.98 65.39
15 25+400 99.3 74.01 54.1 0.71 45.2 54.1
16 26+420 98.59 91.04 76.96 141 21.63 76.96
17 27+200 99.77 86.28 71.96 0.23 27.81 71.96




5.1.4 Atterberg Limits test results AASHTO T-89 and T90 standard test method3ypical
As described in chapter four, results of Atterberg limitsliquid limit test flow curve is given in Figure 5.1 for sample
(liquid limit, plastic limit) are determined according to pit-1.

Liquid limit test: pit 1
40%
°
= 35% < y =-0.0057x+0.4623
5
g
§ 30% \
2 25%
=
20%
10 100
No of drops!

Figure 5.1; Typical liquid limit curve

Table 5.3: Summary Sheet For Atterberg,s Limit Test Results

piTs | Chainage(Sta Atterberg,s limit Liquidity Index LI=(w- | Consistency
tions) LL % PL % Pl % PL)/LL-PL) by LI

1 9+160 31.98 23.91 8 -1.66 Solid state
2 10+200 35.64 24.12 12 -1.10 Solid state
3 11+100 23.54 20.71 3 -3.48 Solid state
4 12+000 25.58 - NP 0.59 Solid state
5 13+060 49.71 35.63 14 -0.88 Solid state
6 14+320 71.95 37.1 35 0.12 plastic state
7 15+380 28.52 22.85 6 0.30 plastic state
8 16+500 - - NP - Solid state
9 17+660 46.5 36.58 10 -0.47 Solid state
10 19+900 49.87 36.66 13 -0.08 Solid state
11 21+000 21.29 - NP - Solid state
12 22+040 35.89 30.13 6 -0.29 Solid state
13 23+300 43.17 32.97 10 -0.29 Solid state
14 244220 37.61 28.41 9 0.93 plastic state
15 25+400 46.16 33.31 13 0.80 plastic state
16 26+420 87.31 58.77 29 0.50 plastic state
17 27+200 45.77 26.57 19 0.85 plastic state

(Note: LI<0 is semisolid or solid state, LI=0 is very stiff state, LI=1 is very soft statd,191 is plastic state and LI>1 is liquid
state.)

Values of liquid limit and plastic limits of pit samples were than 20% is bad for subgrade material for pavement design as
determined as described in chapter four and their values ¢ ERA site investigation and pavement design manual 2013.
given in table 5.3.

As indicated in table 5.3, results obtained from laboratonb.1.5 Soil Classification; (AASTH M145)

tests consists both plastic and none plastic soil. Lower plasti§oils in thisresearch are classified according to AASHTO
index dictates some amount silt content and predominance ofassification system and are also evaluated by group index
sand. None plastic result show supremacy of sand soil sineghether they are suitable for subgrade for highway
sandy soils change from the liquid state to the saotid  construction.

relatively abuptly. Sandy soils are Cohesitess and they As emphasized; soil classification system depended on
have no plasticity phase as stated in chapter two. classification test conducted rfagrain size analysis and
Liquidity index was calculated for all the samples andAt t er ber’ s | imit test. Wi t h
tabulated in table 5.3. It indicates the subgrade condition ofiom laboratory; subgrade soils from the study area were
the site as given in the same table. Fritiis the subgrade classified here below according to AASHTO soil
soils from pit 14 to 17 are under plastic state. Also Pl greatarassifications system.



Soils are grouped under both granuiaaterials (35% or less soil classes are divided in to salassification subgroups as
passed on 0.075mm sieve) and sillgy materials (> 35% A-1to A-7 and corresponding soil descriptions are given
passed by 0.075mm) general class. These general classifiedTable 5.4.

Table 5.4: AASHTO Soil Classification System

Soleve anaiysis Atterbeg's Limit Soil classification
Pits % ge of pass
2mm | 0.425mm | 0.075mm | LL% | PL% | Pl % A’:‘/lsllgo AASHTO Descriptions
1 44.59 31.18 25.34 31.98 | 23.91 8 A-2-4(0) Silty gravel with Sand
2 | 6463| 4485 | 3128 | 3564 | 2412 | 12 | A-26(0) | C'aéglf]z"e' With
3 31.69 16.72 14.36 23.54 | 20.71 3 A-2-4 (0) Silty Gravel With Sand
4 54.02 35.82 17.59 25.58 ) NP A-3(0) Fine Sand
5 95.03 80.81 62.89 49.71 | 35.63 14 A-7-5(9) Clay Sall
6 | 97.35] 91.83 73.23 7195 | 37.1 | 35 | A-7-5(31) Highly Plastic Clay
7 56.27 46.27 26.37 28.52 | 22.75 5 A-2-4 (0) Low Plastic Silt
8 27.45 12.15 4.66 i ) NP A-1l-a (0) GravelSandMixtures
9 81.29 64.23 46.45 46.5 36.58 10 A-5(3) Low Plastic Silt
10 | 85.97 68.19 51.96 49.87 | 36.66 13 A-7-5(5) Highly Plastic Silt
11 | 44.67 21.72 16.62 21.29 NP NP A-3 (0) Fine Sand
12 | 97.16 82.29 63.83 35.89 | 30.13 6 A-4 (3) Low Plastic Silt
13 | 80.13 63.11 53.09 43.17 | 32.97 10 A-5(4) Low Plastic Silt
14 | 90.07 79.18 65.39 37.61 | 2841 9 A-4(5) Low Plastic Silt
15 | 93.21 74.01 54.1 46.16 | 33.31 13 A-7-5 (6) Clay Sall
16 | 97.72 91.04 76.96 87.31 | 58.77 29 A-7-5 ( 30) Clay Sall
17 | 96.12 86.28 71.96 45.77 | 26.57 19 A-7-5 (14) Low Plastic Clay

Classification is further observed using AASHTO M 145 plasticity chart; which is developed by plotting plastic index (%)
verses liquid limit result (%) as shown in figure 5.2. this figure is needazhipisubgrade soil classes under-gmbuped of A
4, A-5, A-6 and A7; since it considered only sifglay main soil group



AASHTO M 145-91; Placiticity chart for silty-clay subgrade soils!
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Figure 5.2: AASHTO M 145 plasticity chart of soil classification
survey and sample collection for these pit locations. But, in

As table 5.4 and figure 5.2 presaitesubgrade soils along actual condition of this road it was not as such worst; since
ArbaminchChencha existing road are classified in generathe road is under use with proper maintenances provided.
group of granular materials (AA-2, A-3) and siltyclay
materials (A4, A-5 and A7) with their corresponding sub From overall, it is revealed that soils in Arbamifi€hencha
group as Al-a, A3, A-2-4, A-2-6, A-3 and A4, A-5, A-7-5  existing roa is dominated by fine grained soil classes. This is
respectively. 59% fine grained (10 from 17 pits) whereas 41% is coarse
AASHTO soil class grouped under-A(Pit8) was the best grained soils (7 from 17 pits).
whereas grouped underApits5, 6, 15, 16 and 17) were the
worst for subgrade material for road construction. Off course,
problems were observed there in the field also during site

5.1.5.1 Evaluating subgrade soil by using group index (Gl)

Table 5.5: Evaluating Subgrade Soil AccordingGmup Index

Chai Soil Class
BT No. ainage ol AASHTO-145 As per ERA( 2013) specification
(Stations) Group Rating as a subgrade subgrade categories SunablIlLyyaéISubgrade

1 9+160 0 A-2-4(0) Excellent to Good Good- Very Good Good
2 10+200 0 A-2-6(0) Excellent to Good Good- Very Good Good
3 11+100 0 A-2-4 (0) Excellent to Good Good- Very Good Good
4 12+000 0 A-3 (0) Excellent to Good Good- Very Good Good
5 13+060 9 A-7-5(9) pair to poor Bad- Medium Bad
6 14+320 31 A-7-5 (31) pair to poor Bad- Medium Bad
7 15+380 0 A-2-4 (0) Excellent to Good Good- Very Good Good
8 16+500 0 A-1-a (0) Excellent to Good Good- Very Good Good
9 17+660 3 A-5(3) pair to poor Bad- Medium Medium
10 19+900 5 A-7-5(5) pair to poor Bad- Medium Bad
11 21+000 0 A-3 (0) Excellent to Good GoodVery Good Good
12 22+040 3 A-4(3) pair to poor Bad- Medium Medium
13 23+300 4 A-5(4) pair to poor Bad- Medium Medium
14 24+220 5 A-4(5) pair to poor Bad- Medium Bad
15 25+400 6 A-7-5(6) pair to poor Bad- Medium Bad
16 26+420 30 A-7-5 (30) pair to poor Bad- Medium Bad
17 27+200 14 A-7-5 (14) pair to poor Bad- Medium Bad




Soils are evaluated by their group index properties to indicateubgrade. Wéreas Soils classified asAa, A-2-4, and A3

the suitability of subgrade for road constructiono@r index can be used satisfactorily as subgrade or subbase material.

was calculated as granular soils with zero group indexes and

fine soils of different group index values are tabulated irb.1.6 Moisturedensity relationship

table 5.6. Zero group index results indicate soils of the studiatural subgrade compaction is common and purposeful to

area with good quality material be used for-guade. have compaction characteristics of it. It is requirediensify

AASHTO and ERA standards separated soils for theahe existing subgrade materials for overlaying pavement

suitability for subgrade according to its soil rating criteria.structures. Results of moisture density relationship were also

Depending on soil group and group index results determinedised to in the preparation of CBR test specimens.

soil in ArbaminchChencha road 41% excellent to good andFrom this test, the required parameters are maximum dry

59% pair to poor rating as sutagle material as per AASHTO density (MDD g/cc) ad optimum moisture content (OMC %)

standard whereas 41% good and 18% medium and 41% badhich were determined from different densities achieved by

as per ERA suitability of soil as subgrade. different moisture contents. With having different densities

Hence, Subgrade materials classified ag8-& A-4, A-5 and and moisture contents densityioisture curve was plotted as

A-7-5 will require a layer of subbase material if used asurve plotted for pitl6 as shown in figre 5.3 and MDD and
OMC were obtained as follow.

PIT-16; Moisture-Density Curve
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Figure 5.3: Typical Modified proctor compaction test curve

Therefore, by the same way moisture density relationship results were determined and summarized here in table 5.6.

Table5.6: Summary for Laboratory MoisturBensity Relationship

Chain age AASHTO T180
S.No. PITS (Stations) OMC% MDD g/cc AASHTO M-145
1 1 9+160 11.09 1.95 A-2-4(0)
2 2 104200 12.86 1.92 A-2-6(0)
3 3 11+100 12.16 2.02 A-2-4 (0)
4 5 13+060 21.64 161 A-7-5(9)
5 6 14+320 24.44 1.58 A-7-5 (31)
6 8 16+500 9.47 2.11 A-1-a (0)
7 11 21+000 23.81 1.70 A-3(0)
8 12 22+040 16.82 1.90 A-4 (3)
9 14 24+220 15.66 1.67 A-4(5)
10 16 26+420 30.31 1.36 A-7-5 ( 30)

The results obtained for maximum ddgnsity ranges from whereas the higher values of density are for granular soil
1.36 to 2.11 g/cc for optimum moisture content 9.47 tamaterials; which are suitable for subgrade material to
30.31%. This indicates that the lower values of density areithstand traffic loading. The reverse is true for OMC.

the result of more clay soil with having low bearing capacity



5.1.7 California Bearing Ratio and Swell To achieve these specifications; CBR observations were
As per table 4.2, analyzed results of CBR and percentage afready recorded for three different energy level (10, 30 and
swelling under OMC and MDD for ten pit satep are 65 blows per layer)Analysis of CBR values for above
presented here according to given specifications. Since, it specifications was performed. Here-pitwas used to show
recommended thasubgrade CBR values are required forthe way of finding CBR results for all specified pit samples in
construction specifications according to AASHTO and ERAtable 5.7 and in figure 5.4 and 5.5.

design manuals. Hence,utgrade of highways to be Table 5.5 describes the CBR values determined at 10 blows
compacted in the field &3%, 95% and 97% of MDD heavy per lkyer only. Nothing is new that; the same way of
compaction value obtained in the laboratory to achieve thealculation was done for 30 and 65 blows per layer.
corresponding CBR values.

Table5.7: Typical CBR Analysisunder10 blows/layer

pen/n piston 1935 Penetration Rate 2.54 mm | 5.08 mm
area(mm2) (mm/Min) pen pen
pit-1 | Ring Fact Standard o
- ing Factor Load :
N/div 21.98 1.27 6.9 Mpa Mpa
Blows/layer 10 13.2kN 20.0kN
Pen/n Gauge Rle_ggi?w(':ll);n Stress N/mm2 = *Corrected | Standard CBR %
(mm) reading Fac?or 9 Load(N)/piston Area Load kN Load (kN)
0 0 0.00 0.00
0.64 15 325.35 0.17
1.27 37 802.53 0.41
1.91 66 1431.54 0.74
2.54 82 1778.58 0.92 1.85 13.20 14.02
3.18 91 1973.79 1.02
3.81 101 2190.69 1.13
4.45 108 2342.52 1.21
5.08 115 2494.35 1.29 2.55 20.00 12.75
7.62 126 2732.94 141

*Corrected load is determined from corrected kpadetration curve.

Pit- 1; CBR Load-penetration curve
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Figure 5.4: CBR Laboratory test Lopénetration curve



Now, to obtain CBR values at specification of 93%, 95% and 97% MDD; figure 5.5 are plotted (a) fao @BRiensity and

(b) for percentage of swelling to dry density. These curves are very important to have desired specification by mowiag on cur
as per AASHTO and ERA standards. CBR and swell values were determined by using equation found in dogespoes,
y-values as CBR or swell values whereasalues for dry density.

By the similar way overall CBR and swelling results for 10 pit samples were presented in table 5.9 with including corrected
load-penetration curves.

a. pit- 1; % CBR vs density curve b. pit- 1; % swell vs density curve
25. e 1.70 — =
%% 217.0x2- 764.15% + 682.54 y =-9.7334x2+34.115x- 28 31
» 1.60 —a——
20.00 1.50
& = \
o £ 140
= 15.00 B a0
o ’Lif 52 : \
10.00 1.20
1.10
5.00 1.00
1.70 1.80 1.90 2.00 1.70 1.80 1.90 2.00
Dry density gm/cc Dry density gm/cc

Figure 5.5: CBR anéloge of Swelling vs Dry density curve for required specification

CBR valuefor 56 blows perlayerwasdeterminechere;which wasuseddirectly without any analysisin section5.2 to evaluate
the effect of moisturecontenton CBR. The anothempurposeof this value hereis; to estimatet with respecto other10, 30 and
65 blowsperlayerin whichit lays. As figure 5.4; CBR valuefor 56 blows perlayeris locatedbelow65 andabovel0, 30 blows
perlayer.

Table 5.9: CBR specification summary for CBR labonatest results

. Chanaige(stat o 93 % of MDD 95 % of MDD 97 % of MDD
pit specification 56 Blows/layer

on) glcc glcc glcc

Specified DD g/cc 1.82 1.86 1.92 1.90
1 9+160 CBR at Specified DD (%) 13.57 15.03 18.56 17.13
Swell at Specified DD (%) 1.54 1.48 1.39 1.38

Specified DD g/cc 1.79 1.82 1.86 1.86

2 10+200 CBR at Specified DD (%) 17.13 18.01 18.52 18.52
Swell at Specified DD (%) 1.41 1.33 1.27 1.27

Specified DD gl/cc 1.88 1.92 1.96 1.96

3 11+100 CBR at Specified DD (%) 33.82 37.16 41.58 41.58
Swell at Specified DD (%) 0.46 0.42 0.37 0.37

Specified DD g/cc 1.50 1.53 1.56 1.56

5 13+060 CBR at Specified DD (%) 4.74 5.53 6.75 6.63
Swell at Specified DD (%) 2.96 2.83 2.63 2.59

Specified DD gl/cc 1.47 1.50 1.54 1.54

6 14+320 CBR at Specified DD (%) 4.51 5.11 5.69 5.69
Swell at Specified DD (%) 6.03 5.39 4.83 4.83

Specified DD g/cc 1.97 2.01 2.05 2.05

8 16+500 CBR at Specified DD (%) 44.35 46.70 49.72 49.22
Swell at Specified DD (%) 0.33 0.31 0.31 0.30

Spedfied DD g/cc 1.58 1.61 1.64 1.64

11 21+000 CBR at Specified DD (%) 11.40 12.61 13.95 13.95
Swell at Specified DD (%) 0.95 0.60 0.19 0.19

Specified DD g/cc 1.76 1.80 1.84 1.84

12 22+040 CBR at Specified DD (%) 16.10 17.37 18.83 18.83
Swell at Speciféd DD ( %) 1.01 0.89 0.77 0.77

Specified DD gl/cc 1.56 1.59 1.62 1.62

14 24+220 CBR at Specified DD (%) 9.57 10.48 10.54 11.35
Swell at Specified DD (%) 1.69 1.59 1.42 1.51

Specified DD g/cc 1.26 1.29 1.32 1.32

16 26+420 CBR at Specified DD (% 3.39 3.86 4.40 4.40
Swell at Specified DD (%) 4.18 3.84 3.49 3.49




So that, CBR value of the subgrade on the Arbaminc0‘3% for pit 8 under specification of 97% MDD which is the
Chenché road ranges 3.39% to 44.35%, 3.86% to 46.70% avery suitable for subgrad&enerally, subgrade sail present

4.40% to 49.22% per specification of 93%, 95% and 979/€S€arch area was of CBR values various from 3.39%
MDD respectively. pr m[;ximum swell result observed are (unsuitable) to 49.22% (Suitable) with the average CBR

6.03%, 5.39% and 4.83%: and 4.18%. 3.84% and 3.49% ftylalue of 17%(suitable for highway subgrade construction).

pit 6 and 16 under specification of 93%, 95% and 97% MDD

respectively. These shows the CBR values are consideraby2 Effect of Moisture on CBR Values of subgrade
reduced near Chencha town. 5.2.1 Effect of Moisture 08BR Values by varying moisture

This section was observed $ection 4.2 for selected three
Hence, the soil has Higswell value and cannot be used asdifferentsoil classes. So that soil classes used for the effect of
subgrade soil or requires some kind of treatment and anoisture content are tabulated here in table 5.10 with their
replacement by good materials Whereas the minimum isoil group and CBR already determined in table 5.9.

Table5.10:Soil Classesisedfor Effect of Moistureon CBR

Selected soll %CBR at OMC; 56 _
Class AASHTO M145 blows/layer, 4days soaked Descriptions
Pit- 1 A-2-4(0) 18.56 Silty gravel with sand mixture
Pit- 14 A-4(5) 10.54 Silty soil
Pit- 5 A-7-5(9) 6.75 Clay soil

For these three soil classes; CBR values were determined for foursp8&tmens from each soil classes. These CBR
specimens; two from dry side and other two from wet side as described in chapter four.

CBR; Load-penetration curve for Pit- 14; A-4(5)
2500
‘ ‘ —&— 89% OMC Dry Side;
2000 o b'd DD=1 65 glec & MC
& =1391%
s 115% OMC Wet
o 1500 Side; DD=1.52 g/cc
‘g’ &EMC=179%
Q 137% OMC Wet
— 1000 | [ L™ Side: DD=1.47 glec
&MC=2141%
500 === 9% OMC Dry side;
DD=1.55 gicc & MC
=1078%
0 s At OMC=1566% &
\] ‘" RN I R MDD=1.67g/cc
TP P I T, T 12 6
Penetration(mm)

Figure 5.6: Penetratiehoad curve for typical soil class

Here is loagpenetration curve plotted in figure 5.6rfsoil class A4(5) and results of all three soil classes are summarized in
table 5.11 to present the effect of moisture content. Figure 5.6 describes its effect by graphically of CBR valuesfar differ
moisture contents other than OMC.
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Table 5.11: Sumary of Effect of moisture on CBR by drying and wetting

Direction Descriptions Pit— 1(A-2-4(0)) Pit — 5(A-7-5(30)) Pit—14 (A-4(5))
97% OMC 54% OMC 87% OMC 69% OMC 89% OMC 69% OMC
Water amount . . S S L .
) Dry Side; Dry Side Dry Side; Dry Side; Dry Side; Dry side;
Dry Side Moisture content% 8.77 5.95 18.92 14.94 13.91 10.78
% CBR \ 2.54 18.11 15.64 6.09 5.24 8.89 7.57
Effect by wrt OMC &MDD %CBR 96.49 83.33 90.24 77.61 84.38 71.88
drying % CBR Reduced 3.51 16.67 9.76 22.39 15.62 28.12
Moisture content% 11.08 21.64 20.08
MDD & Density g/cc 1.95 1.61 1.67
0,
ome % CBRbYS56 | 5 5anenin 18.56 6.75 10.54
blows
126%
0, 0, 0, 0, 0,
Water amount 116A)_OMF: 145% QMC 105% QM.C OMC Wet 115% OMC 137% OMC
. wet side ; wet side Wet side; S Wet Side; Wet Sde;
Wet Side side;
Moisture content% 12.82 16.2 22.65 27.22 17.95 21.41
% CBR \ 2.54 14.16 9.71 4.77 2.76 6.67 4.67
Effect by wrt OMC &MDD %CBR 75.44 51.75 70.66 40.90 63.28 44.30
drying % CBR Reduced 24.56 48.25 29.34 59.10 36.72 55.70

and 45% (145%4.00%) OMC added to have CBR value of
Table 5.11 presents thdfext of moisture content on CBR 9.71% for dry and wet side of OMC respectively. From this;
values of both dry and wet sides of three subgrade soilBR value at wet side was 62% of dry side. Which means it
classes. In which CBR values obtained here were compardésl 38% less than dry side CBR value. The same is true for
with respect to CBR values (at middle three columns in tablether two soil classes-&-5(30) and A4(5) as emphasized in
5.11; which were directly used fromble 5.9 for56 blows table 5.11.
per layer for corresponding soil classes). To summarize from table 5.12 for three soil classes; table
The effect was revealed in figure 5.6 and table 5.11, wet side12 created here only for percent CBR reduced due to
has the highly reduced the CBR values of soils. Even thoughariation of mdsture content for both dry and wet side of
approximately the same amount of water added and/d@®@MC with respect to (wrt) CBR at OMC.
reduced from OMC. To seeete; for soil class £2-4(0): 46%
(100%54%) OMC reduced to have CBR value of 15.64%

Table 5.12: Effect of Moisture reduction of CBR from OMC &MDD

N . . . % CBR Reduced wrt

Directions Pit — 1(A-2-4(0); Silty Gravel with Sand) CBR at OMC
Dry Side 54% OMC Dry Side;DD=1.80 g/cc & MC =5.95 % 16.67
97% OMC Dry Side; DD=1.87 g/cc & MC =8.77 % 3.51
Wet Side 116% OMC wet side ; DD=1.76 g/cc & MC =12.82% 24.56
145% OMC wet side ; DD=1.68 g/cc & MC = 16.12 % 48.25

Pit - 5 (A-7-(30)5; Clay Soil)
Dry Side 69%% OMC Dry Side; DD=1.47 g/cc & MC =14.94 % 22.39
87% OMC Dry Side; DD=1.55 g/cc & MC = 18.92% 9.76
Wet Side 105% OMC Wet side; DD=1.49 g/cc & MC = 22.65% 29.34
126% OMC Wet side; DD=1.35 g/cc & MC = 27.22% 59.10
Pit — 14 (A-4(5); Silty Soil type)

Dry Side 69% OMC Dry side; DD=1.55 g/cc & MC =10.78 % 28.13
89% OMC Dry Side; DD=1.65 g/lcc & MC =13.91 % 15.63
Wet Side 115% OMC Wet Side; DD=1.52 g/cc & MC =17.95 % 36.72
137% OMC Wet Side; DD=1.47 g/cc & MC =21.41 % 55.70

reduced and added mbige content of 69% and 126% of
As results and effect of moisture content presented, wet sid@MC; and 28.13% and 55.70% dry and wet side of OMC for
has highly reduced CBR values than dry side and various iA-4 soil class by added and reduced moisture by 69% and
degree with in different soil classes. Finer soils have highly.37% of OMC respectively.
reduced than coarser soils.

When wet side CBR is compared with dry side values; wet
Generally, at dry side of OMC; CBR reduceg b6.67%  side reduced 31.58%, 36.71% &it157% more than dry side
whereas at wet side reduced by 48.25% fek-A soil class for A-2-4(0), A-7-5(30) and A4(5) soil classes respectively.
by reduced and added moisture content of 54% and 145% of
OMC respectively. By the same way CBR reduced by
22.39% and 59.1% of dry and wet side o754 soil class by



5.2.2 Effect Moisture on CBR by Varying Saturation results analyzed and summarized from laboratory data as per
Period section 4.2 To discuss the way of analysis and evaluation,
CBR values under different degree of saturation period
{unsoaked, for 2 days(48 hours), 4 days(96 hours) and 6
days(144 hours) for daclass A4(5) were plotted below.

This is the second way in which the effect of moisture
content on CBR values by period of saturation. Fat th

CBR; STRESS-STRAIN CURVE FOR PIT- 14; A-4(5)
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Figure 5.7: Typical Loagbenetration curve for effect of saturation on CBR

96 hours soaked CBR results are simply taken from section 5.1.7 at 56 blows per layer; this is why it was inclughed there
section 5.1.7Hence, it was already determined; no need of test conducted for thisisatpesiod CBR value here again.

The effect of moisture on subgrade CBR values in this section was presented in figure 5.8. The variation of (a) CBR wit
saturation period and (b) CBR with moisture was observed from chart drawn here in figure 5&nabided chart was

present.in fiaure 5.9
a. PIT- 14; % CBRvs Saturation time! b. PIT- 14; % CBR vs Moisture
150 content curve!
16.00 20.00
~ 14.00 15.00
5 12.00 o
£ L 10.00
= 10.00 2
6.00 0.00
0 2 4 6 1561% 1826% 2048% 2226%
Saturation Time(days) Moisture Content %

Figure 5.8: Typical CBR Vs moisture content chart for effect of saturation on CBR
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By the same manner the effect was observed for all three soil classes in appertddummarized here in table 5.13

Table 5.13: Effect of moisture content on CBR by saturation summary

CBR
its AASHTO T Saturation Moisture % swellin
P 180 Period(days) | content % g 2.54mm
penetratlon
. MDD g/cc 0 11.31 0 26.83
1 (A-2-4(0); Silty 1.95 2 14.42 1.21 21.9
gravel sand
mixture) OMC% 4 16.05 1.39 18.77
11.8 6 16.97 1.46 17.45
MDD g/cc 0 21.07 0 10.87
5 (A-7-5(9); Clay 1.61 2 22.78 2.2 8.4
Soil) OMC% 4 25.1 2.63 6.75
21.64 6 26.79 2.84 5.43
MDD g/cc 0 15.61 0 16.63
14 (A-4(5); Silty 1.67 2 18.26 1.23 13.66
soil) OMC% 4 20.48 1.42 10.54
15.66 6 22.26 1.51 8.73

stage up to saturation time 2 days and gradually decreases as
As effect observed; reduction of CBR varies with saturatioremphasized in figure 5.9.
period for all different soil classes. But the reduction is
different in different soil class. Thus, for finer soils-{A  Table 5.14 presents the variation of CBR due to saturation
5(30)) saturation war increases linearly whereas for coarserperiod as discussed above and shows CBR values respect to 4
soils (A-2-4(0)) saturation water increases highly at initialdays soaked CBR (which is taken from table 5.9 for 56

blows).
Table 5.14: Summary sheet of Effect of moisture content on CBR
_ ARG T . .%CBR Effect with respect
pits 180 Saturation Moisture % 2.54mm to 4day soaked
Period(days) | content % | Swelling | pen/n CBR(%)
1(A-2- MDD g/cc o* 11.31 0 26.83 142.98
4(0);Silty 1.95 2 14.42 1.21 21.9 116.67
grave with OMC% 4 16.05 1.39 18.56 100
sand mixture) 11.8 6 16.97 1.46 17.45 92.98
MDD g/cc 0 21.07 0 10.87 160.98
5(A-7-5(9); 1.61 2 22.78 2.2 8.4 124.39
Clay soi) OMC% 4 25.1 2.63 6.75 100
21.64 6 26.79 2.84 5.43 80.49
MDD g/cc 0 15.61 0 16.63 157.81
14(A-4(5); 1.67 2 18.26 1.23 13.66 129.69
Silty Soil) OMC% 4 20.48 1.42 10.54 100
15.66 6 2226 151 8.73 82.81

*Note: Zero saturation period means CBR test conducted without soaking.



Table 5.15: Saturation period Vs. % CBR

30.00

25.00

20.00

15.00

% CBR

10.00

5.00

0.00
Unsoaked 2 4 6

26.83 21.90 18.77 1745
10.87 8.40 6.75 5.43
16.63 13.66 10.54 8.73

 Pit 1(A-2-4)
® Pit -5(A-7-5)
u Pit - 14(A-4)

Figure 5.9: Effect of Saturation on CBR; % CBR vs Saturation period chart

Saturation has continuous adverse effect on subgrade strengtrom this, coarser soil classes-2A4 and A4) reduced more
(CBR) for both coarse grained and fine grained soil classefust before 48hours saturation and decreases slightly after
Here, results showed that the reduction of CBR varies wit@6hours whereas finer soil classes-{A) reduced CBR
saturation period for different soil classes. For exampi&: A gradually up to 144hours and continuous somewhat more
4 soil class has 82%, 70%, 65% for 2, 4 and 6 days saturatddgree than above soil classes. But, the effect is more in fine
CBR valueswith respect to unsoaked CBR value. Whereagrained soils than coargeained soils. Hence, unsoaked CBR
A-7-5 soil class has 77%, 62% and 50% with respect twalues of soil classes vary from 43% (coarser soil class) to
unsoaked CBR value and 82%, 63% and 53% with respect &% (for finer soils) higher than 4 days soaked values.
unsoaked CBR for soil class of A Here in figure 5.10; the effect of moisture content by
saturation period was nicely described for 2 tandl 4 to 6
days.

Table 5.15: Moisture on CBR by saturation!
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Figure 5.10: Effect of Saturation on CBR; % CBR vs Saturation period chart

The effect of Saturation after 4th day in coarser soil classe3aturation after 96 hours to 144 hours has reduced CBR of
(like Pit 1; A-2-4) was less reduced when compared with ther.02 %( Pit- 1; A-2-4) to 19.51 %( Pit5; A-7-5)
effect m finer subgrade soil classes (Pit 57/5). So that,



6. CONCLUSION

IN GENERAL, SUBGRADE SOIL ALONGARBAMINCH-CHENCHA
EXISTING ROAD HAS DFFERENT ®IL CLASSES ENGINEERING
CHARACTERISTICS AND CBR VALUES; AND ALSO MOISTURE
EFFECT SO THAT, BASED ON THE LABORATORY
INVESTIGATION RESULTS ON THIS SUBGRADE B©IL, THE
FOLLOWING CONCLUSIONs CAN BE DRAWN

1) The insitu moisture content of this subgrade ranges
from 10 to 44% whereas the specific gravity is
ranges from 2.62 to 2.75.

Subgrade soil classified by AASHTO M145
classification system as:-&a, A-2-4, A-2-5, A-2-6,
A-3, A4, A5, A-7-5, and which was dominated by
fine grained soil class.

From Moisturedensity relationship, optimum
moisture content(OMC%) ranges from 10% to 30%
whereas maximum dry density (MDD g/cc) ranges
from 1.36 to 2.11 g/cc. for general concept dry

2)

3)

8l
El
[10]

[11]

[12]
(13]
[14]

[15]

[16]
(17]
(18]

[19]

density decreases when the road comes to Chenchd?0l

from Arbaminch.

4) Some of the pits in th road are good for both

subgrade and subbase material for road construction

purpose. For example, pit 3 and 8 having PI of 3%
and NP, 95% MDD CBR value of 37% and 47 %
respectively. Hencethese subgrade materials are
good for construction of sub base.

Effect of moisture content on CBR was different for
different soil classes before and after OMC. As

5)

observed, CBR value reduced 4% to 28% at dry side

whereas 25% to 59 % at wet side of OMC and MDD

[21]

[22]

(23]

[24]

of specified soil classes. This indicates that, wet side [25]

reduced CBR values 21% to 31% more than dry
side.

6) Saturation after 48 to 96 hours, CBR reduced from

[26]

17% to 30% whereas 96 to 144hours reduced 7% to[27]

20%. But, more reduction observed in finer soil
classes.Therefore, saturation beyond conventional
soaking pend is significant in the areas in which
there is high precipitation; low evaporation and
shallow ground water is expected
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