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Abstract

Field compaction equipment used for fine
grained soil usually applies a kneading action or
vibration that produces shear forces which also
reshape soil particles arrangement. A state that
might not be completely simulated by laboratory
Proctor tests. This study aims at investigating the
significance of using the newer modified Texas
superpave gyratory compactor (SGC) to simulate
field compaction of fine grained soil due to its
ability to apply loads in different angles
generating shear forces on the compacted soil
specimens. Two types of soil (A-4) and (A-7-6)
were compacted using standard Proctor,
modified Proctor and (SGC). The results were
compared to dry field densities of the same soil
in order to evaluate the most representative test.
It was found that maximum dry densities of soil
type (A-4) obtained using (SGC) under (200
kPa) and (600 kPa) were lower by (2.07%) and
higher by (1.35%) than the maximum dry
densities obtained using standard and modified
Proctor tests respectively. It was also found that
maximum dry densities of soil type (A-7-6)
obtained using (SGC) under (300 kPa) and (600
kPa) were lower by (1.02%) and higher by
(1.23%) than the maximum dry densities
obtained using standard and modified Proctor
tests  respectively.  The  aforementioned
confinement pressure values were applied in
order to achieve dry densities similar to that
obtained by Proctor tests. When comparing
laboratory results to dry filed densities, it was
found that (SGC) test results were slightly closer
to them than Proctor tests results. Nevertheless,
the difference between (SGC) and Proctor tests
results seems to be insignificant for these types
of soil compared to the higher effort needed to
perform (SGC) tests.

Keywords: Field soil compaction, Laboratory
soil compaction, Superpave gyratory compactor,
Standard and Modified Proctor tests.

1. Introduction

In this study an extensive effort using
standard and modified Proctor tests and
superpave gyratory compactor (SGC) was
performed to determine the maximum dry
density and the optimum moisture content of two
types of fine grained soils brought from the site
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of “Khan Beni Saad Water Treatment Project”.
Standard and modified Proctor tests were
considered as impact laboratory soil compaction
methods [1], whereas the (SGC) was initially
designed to simulate degradation and particle
orientation which occur in HMA during mix
production, field compaction, and traffic
degradation [2]. Maximum densities obtained
using (SGC) and standard and modified Proctor
tests were compared to field densities obtained
from the soil investigation test report issued by
the  “National Center for  Construction
Laboratories and Research” (NCCLR). The
comparison was made in order to explore
whether  gyratory or impact laboratory
compaction was more significant to simulate
field compaction. Effects of soil type, water
content, and gyratory device parameters
including confining pressure and number of
gyrations were also studied.

1.1 Research Objectives

This study aims at investigating the
significance of using a newer modified Texas
gyratory compactor instead of standard and
modified Proctor tests to compact specimens of
fine grained soil type (A-4) and (A-7-6).

1.2 Research Justification

Soil field densities obtained using suitable
field compaction equipment in the right way, are
higher than those attainable using impact
laboratory compaction methods. It is worthwhile
to investigate whether using a newer modified
Texas gyratory compactor is significant to
simulate field compaction of fine grained soils.

1.3 Research Methodology

Two types of fine grained soil (A-4) and (A-7-
6) were compacted using superpave gyratory
compactor and standard and modified Proctor
tests to determine the maximum dry densities and
optimum moisture contents. Results were
compared to each other and the maximum dry
densities were also compared to field dry
densities obtained from the (NCCLR) soil
investigation report because the construction
works at that part of the site was already
completed and there was no chance to carry out
new field tests [3]. Laboratory tests were carried
out at the laboratory of soil mechanics in Al-
Nahrian University.
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2. Literature Review

Ping et al. in (2003) carried out a study to
check  which prevailing laboratory soil
compaction technique was more representative to
field compaction of coarse sandy soil depending
on relative density. It was concluded that gyratory
compaction was the most representative one [4].
Sebesta et al. in (2004) used the (SGC) to
compact soils. It was found that it can also be
used for studying swell characteristics and shear
resistance [5]. Browne in (2006) investigated the
possibility of using (SGC) to compact soil
specimens of the types (A-1) and (A-3). It was
found that gyratory compaction was suitable to
compact granular soil at high number of gyrations
[6]. Panko et al. in (2011) studied the compaction
of granular soil using (SGC) at higher confining
pressures. It was found that the materials were
able to be compacted using (SGC) above the
modified Proctor densities at similar moisture
contents [7]. Perez et.al in (2013) evaluated the
gyratory compaction for three types of soil (CH,
ML and SM). The results showed that the
optimum moisture content is reduced as the
vertical pressure increases and the dry unit weight
increases. In addition, it was observed that the
Proctor compaction curve is obtained with a
vertical pressure of (200 kPa) and around (200)
gyrations regardless the type of soil [8].

3. Properties of the Soil Used

Both types of soil used in this study were
brought from “Khan Beni Saad Water Treatment
Project” in Deyala Governorate. Samples were
taken from a depth of (1.5 - 2.0 m) beneath
natural ground surface. The specific gravity of
soil was determined according to AASHTO T100.
The Atterberg limits were determined according
to AASHTO T89 & AASHTO T90. The grain
size analysis was determined using sieve analysis
and hydrometer according to AASHTO T88. The
physical characteristics are presented in Table (1).
According to the unified soil classification system
(USCS) soil type (A-4) is classified as (CL-ML)
and soil type (A-7-6) is classified as (CL). The
grain size analysis is shown in Table (2) and the
particle size distribution curve is shown in Fig.

(1).

Table 1: Atterberg limits and specific gravity of
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Table 2: Grain size analysis of tested soil

. Percent Soil Finer Than
ol Sieve Sieve Sieve
Classification 410 440 4900
A-4 99.5% 80.6% 56.4%
A-7-6 100% 99.8% 66.8%
TP 10_ - .-‘-0 200
T
BN
§ ):: "“.‘ivi.__\_::;':._.‘__;;_-.'_—.i\.?.ﬁ
o o]

partical diameter{mm)

Figure 1: Grading of tested Soil

4. Field Compaction Characteristics

Field soil investigation of the site of “Khan
Beni Saad Water Treatment Project” has been
carried out by the Department of Soil
Investigation at The National Center for
Construction  Laboratories  and  Research
(NCCLR) [7]. Field compaction of the subgrade
was carried out using sheep's' foot rollers with
vibration. The results are summarized in Table
(3).

Table 3: Field characteristics of tested soil[7]

Soil Depth Qu Y wet Y dry
sample m kKN/m® | kN/m® | kN/m®

A-4 2.0-2.5 537 19.5 16.5

A-7-6 | 2.0-2.5 114 19.3 15

5. Proctor Compaction Tests

All specimens were sieved by sieve No. 4 and
the larger particles were discarded. Passing
particles were dried at laboratory atmosphere. The
maximum dry density and the optimum moisture
content for both types of soil used were
determined according to AASHTO T99 for
standard Proctor and AASHTO T180 for
modified Proctor. The water content of the tested
soil was determined according to AASHTO T265.
Results are shown in Table (4) and Fig. (2).

Table 4: Standard and modified Proctor tests
results

Standard Proctor | Modified Proctor
Type [ Max dry Max dry
of soil [ density | OMC | density | OMC
KN/m® KN/m®

A-4 16.85 16.25 18.45 14

A-7-6 14.85 19.25 16.25 16.35

tested soil
. Type of Soil
Index Properties Al ATS
Liquid limit L.L. (%) 30 45.6
Plastic limit P.L. (%) 21.9 24.4
Plasticity index P.1. (%) 8.1 21.2
Specific gravity 2.65 2.65
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Figure 2: Standard and modified Proctor tests
curves

6. Gyratory Compaction Tests
In this method, the compaction was achieved

by the application of vertical pressure to a known
mass of soil filled into a mold of internal diameter
of (150 mm). The longitudinal axis of the mold
was gyrated (rotated) at a fixed angle from the
vertical axis while the top and bottom plates were
kept parallel and horizontal as shown in Fig. (3).
Height of the sample was automatically measured
during compaction and the soil density was also
determined. Knowing the operator can choose
whether to compact until achieving a certain
number of gyrations, a certain height of sample or
a targeted density [9]. It is worthwhile to mention
that even this equipment was initially designed to
compact samples of asphaltic mixture, lately it
was utilized to compact fine-grained granular soil
[8]. The test procedure in this method of
compaction involves a trial and error process
starting with a combination of settings according
to AASHTO T312 and the recommendations of
previous research work mentioned earlier. The
superpave gyratory compactor (SGC) can control
some influencing variables.
The controlled variables in this research were the
following:

- Vertical pressure = 200, 300, 400, 500 and

600 kPa.

- Angle of gyration = 1.25 degree.

- Number of gyrations = 350.

- Rate of gyration = 30 gyration/minute.

- Mass of compacted soil = 5000 g.

Figure 3: Superpave gyratory compactor, mold
and container
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6.1 Dry Soil Compaction

Dry soil with no moisture content was used
first in order to eliminate the effect of moisture
content when studying the effect of confinement
pressure and number of gyrations. Dry soil
samples of each type were prepared and placed in
the mold where its interior face was already oiled.
Two pieces of circular paper each was placed on
the bottom and the top of the soil sample. Then
the mold was placed inside the machine, which
was programmed according to the aforementioned
controlled variables. These steps were repeated
for all samples of both types of soil. After each
sample was compacted, it was gently extracted by
hand jacking as shown in Fig. (4), then the
dimensions and weight of each sample were
recorded.

Figure 4: Samples extraction

6.2 Moist Soil Compaction

Dry soil samples of each type were weighted
and different amounts of water were added to
each sample so that the range of moisture content
needed to accomplish standard and modified
Proctor tests were fulfilled. Moist soil samples
were kept sealed in plastic bags for (24) hours
before being compacted in order to ensure a
homogenous distribution of moisture. A mass of
(5000 g) of wet soil was compacted each time
according to the controlled variables taking into
account the vertical pressure limitations. After
each sample was compacted and extracted, the
dimensions and weight were recorded. Then the
water content and dry unit weight were
calculated.

7. Analysis of Results

Unit Weight Compaction Curves (UWCC)
were created to show the relationship between the
dry unit weights against the number of gyrations
and to evaluate the maximum dry densities
obtained.

7.1 Results of Dry Compaction

The UWCC of soil types (A-4) and (A-7-6)
using (SGC) under (200, 300, 400, 500 and 600
kPa) are shown in Figures (5) and (6)
respectively. The effect of pressure on the
maximum dry density of each type of soil is quite
clear in both figures. The maximum dry density
of silty soil type (A-4) under (600 kPa) is found to
be less than field dry density by (3.73%) and less
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than the maximum dry density obtained using the maximum dry density obtained using
standard proctor test by (7.74%) as shown in Fig. modified Proctor test at (OMC) of (13.8%) as
(5). On the other hand, clayey soil type (A-7-6) shown in Fig. (8).

shows a different behavior under the same z L o
conditions as shown in Fig. (6). It is found that s =« nddpector = o mosfedpocor = qamatad

the maximum dry density obtained using (SGC)
under (300 kPa) is higher than field dry density :
by (2.75%) and the maximum dry density [y
obtained using (SGC) under (400 kPa) is higher 38
than the maximum dry density obtained using
standard proctor test by (1.97%) for this type of

soil.

e i . Figure 8: UWCC for (A-4) soil under 600 kPa

e - o and different moisture

I The effect of the number of gyrations at each

T R T pressure value is illustrated by the compaction
- —_ ‘ curves shown in Figures (9) and (10) using (0, 70,

90 and 500) gyrations under (200 and 600 kPa)
pressure respectively.

Figure 5: UWCC for dry soil type (A-4) ; ,. \
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- I i = : //'——*\. .
2 — —_—
; =

£

E

£
-

g Figure 9: Compaction curves for (A-4) soil under
200 kPa

Gyration

Figure 6: UWCC for dry soil type (A-7-6)

7.2 Results of Gyratory Compaction

for Soil type (A-4) _ capbin
The gyratory compaction of soil type (A-4) : —
with different moisture contents was carried out ) - i
under (200 kPa) and (600 kPa) which represent
the minimum and maximum pressures suitable for Figure 10: Compaction curves for (A-4) soil

the test. Results under (200 kPa) are shown in under 600 kPa
Fig. (7). It was found that the maximum dry
density was lower by (2.07%) than the maximum
dry density obtained using standard Proctor test.

It was found that the maximum dry density
and optimum moisture content of soil type (A-4)
at higher number of gyrations was easy to be
T8 sty estimated as shown in Fig. (11). It was also clear
that soil compaction results obtained using (SGC)
at (350) gyrations under (600 kPa) were closer to

e e g - % T C X | modified Proctor test, also, the result obtained
g”{ AE ; AR i shows that loading pressure under (200 kPa) was
e ' closer to standard Proctor test.

Gyration

Figure 7: UWCC for (A-4) soil under 200 kPa
and different moisture

When using (SGC) under (600kPa) it was
found that the maximum dry density which was
equal to (16.5 kN/m®) was higher by (1.35%) than
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Figure 11: Compaction curves for (A-4) soil at
350 gyrations

7.3 Results of Gyratory Compaction

for Soil type (A-7-6)

The effect of the number of gyrations on dry
densities at different moisture contents for soil
type (A-7-6) are shown in Figures (12) and (13).
It was found that the maximum dry density of soil
type (A-7-6) having a moisture content of
(17.2%), obtained using (SGC) under (300 kPa)
which was equal to (15.5 kN/m®) was less by
(1.0%) than the maximum dry density obtained by
standard Proctor test as shown in Fig. (12).

Figure 12: UWCC for (A-7-6) soil under 300 kPa
and different moisture

When pressure was raised from (300 kPa) to
(600 kPa), the dry density was higher by (1.23%)
as shown in Fig. (13), where the maximum dry
density becomes (16.35 kN/m®) at an optimum
moisture content of (18%).

Figure 13: UWCC for (A-7-6) soil under 600 kPa
and different moisture

The effect of the number of gyrations under
(300 and 600 kPa), for soil type (A-7-6), are
shown in Figures (14) and (15) respectively. It
was clear that the gyratory compaction at higher
pressure was more effective for this type of soil.
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Figure 14: Compaction curves for (A-7-6) soil
under 200 kPa

Dry yunit weight (kN fm3)

water content (%)

Figure 15: Compaction curves for (A-7-6) soil
under 600 kPa

A comparison of the dry densities obtained
under (300 kPa) and (600 kPa) is shown in Fig.
(16). The maximum dry density under (600 kPa)
at (350) gyrations was closer to the maximum dry
density obtained by modified Proctor test.

it welght (kN/m3)

Dry ur

Maisture Content (%)
Figure 16: Compaction Curves for (A-7-6) soil at
350 gyrations

8. Conclusions

e It was found that dry densities of soil type (A-4)
and type (A-7-6) obtained using (SGC) were
slightly closer to field densities than those
obtained by impact compaction. This is because
of the effect of higher shear forces applied on
the compacted soil specimens generated from
inclined loads due to angle of gyration.
Nevertheless, these results seem to be
insignificant compared to the higher effort
needed for using (SGC) compactors.

e The effect of confinement pressure on dry
density was higher than the effect of the number
of gyrations for both types of soil.

e Dry densities of both soil types increase as
much as the number of gyrations increases until
(350) gyrations where additional gyrations have
no significant effect.



NJES Vol.20, No.3, 2017 Khaled et al., pp.641-646

References Research Board 83“ Annual Meeting,

[1] Cheng Liu, and Jack B. Evett, (2008), “Soils Washington D.C.
and Foundations”, 7" edition, The University [6] Browne M., (2006), “Feasibility of using a
of North Carolina at Charlotte. Gyratory ~ Compactor ~ to  Determine

[2] AASHTO, (2011), “Standard Specifications Compaction Characteristics of Soil”, MSc
for Transportation Materials and Methods of Thesis, Dept. of Civil Engineering, Montana
Sampling and Testing”, 22" edition, Parts 2A State University, Bozeman, Montana.
and 2B Tests, Washington, D.C. [7] Panko, M., McGarvey, K., Stevenson, G.,

[3] Department of Soil Investigation in the Coffey, S. and Sukumaran, B. (2011),
National Center for Construction Laboratories “Compaction of Granular Soils Using
and Research (NCCLR), (2012), “Report of Superpave Gyratory Compactor at Higher
Soil  Investigation no.  1/1/143/2012”, Confining Pressures”, Proceedings of the TRB
Baghdad, Iraq. annual conference, 2011.

[4] Ping, W. V., Xing, G., Leonard, M., and [8] Perez, N., Garnica, P., Mendoza, I. and Reyes,
Yang, Z., (2003) “Evaluation of Laboratory M. A., (2013), “Behavior of fine-grained soils
Compaction Techniques for Simulating Field compacted with high shear stresses”,
Compaction (Phase Il1),” Department of Civil Proceedings of the 18" International
and Environmental Engineering, Florida Conference on  Soil ~ Mechanics  and
A&M University - Florida State University, Geotechnical Engineering, Paris.

Tallahassee, Florida. [9] Cooper Company a British company for the

[5] Sebesta S., Guthrie W. S., and Harris J. P., design and manufacture of high performance
(2004), “Gyratory Compaction of Soils for testing equipment for asphaltic and unbound
Laboratory Swell Tests”, Transportation materials used in highway construction.
Glaual) dacl 4 il gﬁaﬂ wa ) dlslaal Jgal) (a ) Slga Jlasiud (g g3

el U d LS B (pen s AL daaa e 21
Andl Aorigl) an dpiadl Arigll an dpiadl Arigll an
oyl Al - i) A€ el Rl - i) S el Aol - gl S
AadAl)

Sl ae dlee Gaad Lesole ) deels il el Jexid 3 sl (ajl Cilaxa ()
die Al JSE alSlae (Sa Y a8 A LaY) Al il sl salef Lals (e (a5 8 daaae T i) cilal
ol Janall Cupnall G5 lea Jlaxind (5 s0a Cany 1 Al all 038 Cargs G yiide 55 51 oacand Jlastinsd
Lo 4l Ul 530 Jlea¥) Iolas e 55358 (g 4) Ll cilypa) daels 2y jill Jlisll a J 8Slaal (SGC) sl
A-7-) g 55 (A-4) £ 5 daclll il (e (e 8 Jleaind o3 35 Lea die 4 il Glie o (al (5 @ Laly
s gl Sleas danall 585 55 (ol Y€ 50 (A 3k 4330 Jlaainly 5 uiiaall o Il pand o) Y (6
& Gl (A-d) 55 e duill alaall ilall AHESY o) aag 28 A Cilon gl il pe il A e &3 &
oalaall DA A g (72.07) Aoy J5 (JSuly 5LS 200) i 3 (SGC) Jlasils lale: J el
(%1.35) dawiy (JSuly SIS 600) Lo a3 355 ¢ oualiill S5 50 (and Jleaiuly Lgile Jgaall 3 A
Zlall ALK o aas LS Jand) iS55 Gand Jlerils lede Jseanll a il oaliall 2A 28N oo
JE (JSuly 5L 300) binn a3 (SGC) Jhanindy Ledle Jpmand) o5 U (A-7-6) & 5 (s 4l salanl
(dSuly 1S 600) dara a2 355 (ol SIS 5 1 Gand Jlasinly cadaal) Alad) 480K e (71.02) dssiy
By Al Ge sl ol Jaeall S5 5 Gand Jlerinly Aiasiud) alsal) R8sl 23S Ge (71.23) daiy
Bl e s S5 prand B ade (o L A glase dils B (3inS S Tl )5S0 Taiall o (el
s S5 la g 5 (e Sl Ledl il (SGC) il o) 2y diall ALl A8USI o 2 il il
el Ll 2 5 e oo il (el s 9aa (93 e 52w S 0 (eandy Sl sl a il pand G G Gl Glls
) sl andll £} Y csthdl oY)

646



	Field soil investigation of the site of “Khan Beni Saad Water Treatment Project” has been carried out by the Department of Soil Investigation at The National Center for Construction Laboratories and Research (NCCLR) [7]. Field compaction of the subgra...
	All specimens were sieved by sieve No. 4 and the larger particles were discarded. Passing particles were dried at laboratory atmosphere. The maximum dry density and the optimum moisture content for both types of soil used were determined according to ...
	6. Gyratory Compaction Tests
	In this method, the compaction was achieved by the application of vertical pressure to a known mass of soil filled into a mold of internal diameter of (150 mm). The longitudinal axis of the mold was gyrated (rotated) at a fixed angle from the vertical...
	The controlled variables in this research were the following:
	- Vertical pressure = 200, 300, 400, 500 and 600 kPa.
	- Angle of gyration = 1.25 degree.
	- Number of gyrations = 350.
	- Rate of gyration = 30 gyration/minute.
	- Mass of compacted soil = 5000 g.
	6.1 Dry Soil Compaction
	6.2 Moist Soil Compaction
	7. Analysis of Results
	7.1 Results of Dry Compaction
	7.2 Results of Gyratory Compaction for Soil type (A-4)
	7.3 Results of Gyratory Compaction for Soil type (A-7-6)
	8. Conclusions
	References

