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Abstract

Evaluation of the dry density variations and shear stress with the different depth variations were shown clearly with the
particular process. Results show the Dry unit weight (density) increases gradually with the increase of different depths. The
biggest dry density was obtained at 1.582 g/cm’ at 18.3m depth of boreholes (“HKI, 2, and 3”); whereas the lowest value
was obtained at 0.74 g/cm?’ at 4.3m depth. On the other hand, the dry density changed with the constant loading process. The
biggest dry density is 1.954 g/cm® at 18.3m depth and the lowest value is 1.482 g/cm® at 8.3m depth (before loading); The
biggest value is 2.074 g/cm? at 18.3m depth and the lowest value is 1.621 g/cm’® at 8.3m depth (after loading). Moreover, shear
stress was measured carefully at different depths. At the Clay layer, the lowest value is t, with 0.052 kG/cm’ at 4.8m depth;
whereas the biggest is t3 with 1.750 kG/cm’ at 39.6m depth. The biggest value is t, with 1.276 kG/cm’ at 17.8m depth. At the
Sand layer, the lowest value is T, with 0.586 kG/cm’ at 29.8m depth; whereas the biggest is t, with 1.750 kG/cm’ at 39.6m

depth and t, with 1.21 kG/cm, at 36.0m depth.
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1. Introduction

Research on soils in New Zealand and Japan presented the
Maximum dry density test to quantify pumice content in natural
soils and consideration of the other bound. Results presented the
maximum dry density values with the maximum amount of crushing
under the 14 kPa surcharge. And the pumice contents of the NP
sands which is the reason for the relative breakage of materials
during the modified maximum dry density test [1]. Moreover, the
cyclic wetting and drying (CWD) under constant volume (CV)
conditions and constant stress (CS) caused a reduction in swell
pressure while at having almost no impact on k. The relationship
between maximum dry density and California Bearing Ratio
(CBR) coefficient of soil located in California. Results of some
equations are presented clearly as the value of R? is 0.962 [2,3].
Three of the shear tests at constant shear stress and dry density
of unsaturation soil. Results described the increasing both the dry
density and overburden pressure, as well as decreasing both the
water intensity [4].

In addition, the samples were dried in the 20°C room temperature
condition, the outside of the surface of the sample was cemented
and crystallized by the xanthan gum biopolymer; whereas the

inside of the surface is full of moisture and weak cross-linked
by the solution. In contrast, the shear strength decreases as water
content increase on the surface [5]. The dry density and structure
complexity of soil operated at the same time. Result presented
with the fractal tortuosity increases whereas fractal dimensions are
constant as consideration of the increasing of the dry density [6].
With Chiba soil described particularly of both the air-entry value
and the residual suction of drying SWCC. This is the reason for
increasing of the dry density of sandy soil; whereas the area of the
surface of drying and wetting SWCCs (i.e., hysteresis) decreases

[7].

Research on Viscoelasticity and shear resistance at the microscale
of naturally structured and homogenized subtropical soils under
undefined and defined normal stress conditions. Results presented
a higher shear resistance at the end of recoverable deformation
(LVR), - as well as a higher maximum shear resistance, t__[8].
Using the fiber contents to simulate the peak shear strength of these
fiber-reinforced expansive is soils are different: when the contents
of GF and PF are 0.3% and 0.5%. [9]. However, the higher shear
resistance parameters with increasing density are explained mainly
by increased contact and friction between soil particles [10].
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With the confining pressure is over 100 kPa, which results in a dry
density is 11.2 g/cm® and 12.7 g/cm® changed with the increase of
deviator stress (kPa) and axial strain [11]. On the other hand, the
maximum particle size results in the maximum of shear strength.
And the dry density can be obtained in the lowest values as fine
contents are high. [12]. In contrast, the dry unit weight of soils
decreases as water contents and P-wave velocities of compacted
soils increase [13].

One estimation for the dry unit weight by the model of the multi-
layer perceptron (MLP) neural networks and general linear model
(GLM). Results presented values of the dry unit weight predictions
range between 0.47 and 0.99, 0.80 and 0.99 for GLM and MLP
models, respectively [14]. A mixing was method used to credit
the coefficient 0.9 times the shear strength as consideration of the
actual scale SRM on site [15]. With particle diameter D50 and
the void ratio are constant. Results presented that a G value
decreases as the C, value increases during the effective confining
stress is constant [16]. Moreover, research on the increasing of
fine-size fraction; results determined the drained residual strength
decreases; whereas the increase in the shear displacement. And
grain crushing and fine particles accumulated respectively [17].

However, the dry density obtained at 45kN/m? and 0.94 kN/m’,
the effects of wetting and desiccation shall be obtained by samples
P of 321.860454 kPa, W1 by 46.75611 kPa, W2 by 56.6899 kPa,
43,48429 kPa by W3, 65,56742 kPa by W4 by size, W5 by W3 by
37,42705 kPa, W4 by W6 by 32,04,885 kPa by W7, 35.8667 kPa
by W8 and 28.588823 kPa by W9 by samples [18]. Experiments
in UCS presented clearly the cement content used carefully as
consideration of the specific dry mass. But the porosity can’t be
obtained as respectively, and the maximum values of qu = 3523
kPa [19]. On the other hand, the increase in the natural soil of COV
from 10 to 100%, resulted in the shear strength value of 150.72kN/
m2; whereas the increase in SI values e from -1.18 to - 0.823, -
1.07 to - 0.739 and - 0.959 to - 0.654 for BSL, WAS and BSH, in
that order [20].

A FORTRAN program was used to generate a safety index (SI) for
shear strength values in the range of coefficient of variation (COV)
of 10-100%. Results presented a strong interaction between the
shear strength values and the soil parameters (Locust bean waste
ash, LBWA; Cohesion, CO; Friction angle, FA; Plasticity index, PI;
Maximum dry density, MDD; Optimum moisture content, OMC;
Percentage fine, PF; Cation exchange capacity, CEC; Specific
gravity, Gs and Compact effort, CE) [21]. Results on evaluation of
treated and untreated soil, presented remarkable values about the
treated soil is 0.45 MPa whereas the untreated soil is [22].

Using the sensors for measurement of the relationship between
the different soil dry bulk densities and observed time. Results
described soil moisture to penetrate from soil surface till 25 cm is
around 10 mins and 57 mins when density is maintained at 1.1 gm/
cc and 1.3 gm/cc, respectively. And the SMSMSP output changes
only by 2.7 % when the ambient temperature varies from 20 ~C

to 60 °C [23]. The regression model shows good estimates of pre-
compression stress for a number of structured soils considering
dry bulk density and AD/BD ratio at a matric potential of 6 kPa
[24]. Soil is easy to deform as they located on the surface of the
crust. And the size of soil particles and the highest drying stress
increased after drying stress increased [25].

In addition, the value of soils amended with aqueous "’Cs,
and the drying and wetting cycles’ impact on Cs; resulted in an
extractable 'Cs fraction of the water which was very low (<
1%) and decreased over time; whereas the detection limit in soils
amended with solid organic sources of '*’Cs [26]. Evaluation of
the relationships between the G° value and the DA value, which
resulted in the difference of the isotropic and anisotropic stress
states during undrained cyclic loading as the different void ratios
[27]. The compacted specimens obtained a dry density of 1.55 g/
cm® and water content of 27.5% of the undisturbed lateritic clay.
And the microstructure of the specimen is more homogeneous,
combined with most sizes of soil pores smaller than 10 pm [28].
Research results show shear stress T versus shear displacement Al
with different dry densities for deep reconstituted soils.

And the shear strength versus normal stress ¢ for different dry
densities with a water content of 20% and the best-fitted lines. The
shear strength increases as the dry density increases, whereas shear
strength decreases sharply when the dry density is higher than 1.72
g/cm’ and the corresponding density 2.06 g/cm® [29]. The DEM
model simulation presented the interlocking effect of gravel to the
shear strength, and the increase of weak soil-gravel contact with
GC would be limited when GC exceeds 40%. And the stronger the
shear performance of the mixture [30].

The experiment of the SWCC presented the relationship between
the van Genuchten parameters and the dry density of compacted
bentonites. Results demonstrated that the increase of the dry
density corresponds to an exponential decrease in o and a linear
increase in n [31].

2. Materials, machines, and Experiments

2.1 Experiment in the laboratory

Research on the My Thai Canal Bridge, Hon Dat town, Kien
Giang province, in Viet Nam which is used for measurement
in the laboratory and the Field by the Viet Nam Standard [32-
34]. Measurement in the laboratory has been done step by step
carefully to obtain the best results. Soil with no salt content;
Pure water; Density flask (capacity less than 100 cm?®); weight;
Porcelain mortar and pestle; Sieve (hole diameter 2 millimeters);
electric stove; Oven; vacuum flask; Hydrometer; conical hopper;
Heat stabilizer; aluminum can with cap; and so on.

2.2 Experiments in the Field

The research location was done at the three boreholes “HK”
which include “HK1, HK2, HK3” at latitude 10°09°35” North
and 104°58°39” East of the My Thai Canal Bridge, Hon Dat town,
Kien Giang province, in Viet Nam. Field surveying has been done
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carefully by the Viet Nam Standards, which include the detailed small seven layers (Layer la; Layer 1; Layer 2a; Layer 2; Layer
process, survey, drilling, and sample protection until doing the 2b; Layer 3 and Layer 4). In this research, the ground is divided
experiment with the purpose to obtain the best results. Field into two big layers, which include a “Clay layer” from 0.0m to
experiments were implemented by the Standard Penetration Test 27.0m depths; and a “Sand layer” from 27.0m to 40.m depths (see
“SPT” at depths from +2.0m to -40.0m. The Ground is divided into ~ Figures 1 and 2).
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Figure 1a: Stratigraphic cross-section (borehole “HK1”)
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Figure 1b: Research location (Source: https://earth.google.com/)
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Layer | Thickness Soil Water content | Unit weight above | Porosity | Saturation | Plasticity | Internal Cohesion

(m) properties | (humidity) the groundwater | n (%) G (%) index PI | frictio angle | C (kg/cm2)
W (%) level yw (g/cm3) $0

1 From Silt 92.24 1.401 71.40 94.15 24.72 2013’ 0.045
-0.7 to-5.2 mixed clay

2a From Clay; 28.35 1.881 46.26 89.77 21.72 14037’ 0.409
-52 to-7.8 semi-hard

2 From Clay; 26.15 1.903 44.69 88.31 21.34 15058’ 0.455
-7.8 to-15.2 | semi-hard

2b From Clay; 21.72 1.961 40.95 85.43 21.68 18055’ 0.585
-152t0 -17.7 | semi-hard

3 From Semi-clay, |21.99 1.917 41.56 83.16 14.91 16051° 0.337
-17.7 t0 -29.5 | semi-hard

4 From Sand, semi- | 18.66 1.864 41.22 71.11 - 28024’ 0.057
-29.5 to - 39.6 | tightness

3. Method and results
3.1 Dry unit weight (dry density)
3.1.1 Implementation process

Table 1: Soil characteristics with the medium values “TCVN 4195:2012”

Step 1: Soil is put with air
drying outside by wind (with
400 grams)

Step 2: Soil is crushed by
hand

Step 3: Soil is divided into 4

same parts

Step 4: Soil is selected from

Soil is on

the sieve -
SOll is m

under the
sieve

Step 5: Soil is sieved (with 2

Pestle

porcelain
ortar

widh

Step 6: Soil is on the sieve which

step 3, and use 100 grams of | millimeters of  sieve | is crushed by the pestle and
the total of two symmetrical | diameter) porcelain mortar until no soil on
parts and mix together. the sieve.
° R
(X )

Step 7: Soil is on the sieve
which is poured into the flask
(15 grams)

Step 8: Soil is under the
sieve which is put into two
cups “A and B” to determine
the degree of hygroscopicity
(10 grams)

/ 7
\ /
Step 9: Weigh the flask (no

suspension); Volume of the flask

is 100 cm®
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0

A 4

Step 10: Pour the pure water
to reach the center of the flask

which contains soil (H/2).

Step 11: Weigh the flask
Step 12: Keep the flask on hand

that contains soil and water

. . lled and shake evenly from 10 tol5
(or it 18 called | minutes until the suspension is
“suspension”). even.

the stove

suspension.

to boil.

Step 13: The flask is put on

After

finishing the boiling process,

and then do the cooling of the

thermometer

Step 14: The flask is put in
the container which contains | Step 15: A thermometer is used
water to cool. After finished | to measure the temperature of the
cooling, remove the flask | suspensions (results show
out of the container, and do | exactly 0.5°C). Every 15 minutes
a temperature measurement. | measurement and  recording

results.

again

Step 16: Weight the flask

which contains suspensions

Step 17: Pour out the Step 18: Pure water is poured
suspensions from the flask | into the flask (no suspension),
outside, and clean the flask | and put in the container which

completely. contains water to cool

process

Step 19: Weight the flask
which contains water after

the finish of the cooling

* Note:

+ Results should be shown with an accuracy of 0.01 gram/cm?.
+ The suspension temperature should be at 20°C.

+ Sand is boiled within 30 minutes. It is necessary to determine
the degree of hygroscopicity before doing the following
experiments.

+ Clay is boiled within 1 hour.

3.2.2 The related equations for determination of the Dry unit Whereas, m1 is the mass of soil sample which is at air drying

weight (dry density) with Depths

outside by wind, gram (g) _, is the content of the hygroscopicity

The absolute dry soil mass (m0) in the flask is calculated by the of soil, (%).

formulas below:
mq

my=————
1+0.01wp,

Unit weight (density) of soil (p) is calculated by the formulas
below:

(1) my

p=—"—"""Xpy (2)
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Whereas, m0 is the absolute drying mass in the flask, (gram, g)
m, is the mass of the flask which contains suspension (pure water
and soil), (gram, g)

m, is the mass of the flask which contains full water, (gram, g)

p, is the density of water at a temperature which is done in the
experiment, (gram/cm3).

3.3 Results

3.3.1 The relationship between the Dry Unit Weight variations
and Depths

From the analysis results above, the calculation was done one by
one at different depths. Results were shown in figure 1 such as:
Dry unit weight changed at the different depths and defend on
types of soil diameter. The minimum value is 0.74 gram/cm® at
4.3m depth; compared with the maximum value of 1.626 gram/

cm® at 17.8m depth. The medium value at the center of the layer
is 1.44 gram/cm® (from 0.0m to 27.0m depth); whereas this value
increased gradually to 1.57 gram/cm3 of the layer 1 “Clay layer”
(from 27.0m to 40.0m depth). (see Figure 2).

From the above results (see figure 3), it is easy to see that the
biggest value of dry density obtained of 1.597 g/cm?; 1.582 g/cm?,
1.580 g/cm® at 18.3m depth of boreholes “HK1, 2, and 3”). On
the contrary, the lowest dry density was obtained at 0.74 g/cm?
and 0.718 g/cm?® at 4.3m depth of boreholes “HK1, 2”; whereas at
borehole 3 “HK3” is up to 1.549 g/cm? at 11.3m depth. On the other
hand, with figure 4 (see figure 4), it is easy to see that the biggest
value of dry density obtained of 1.582 g/cm?® at 18.3m depth of
boreholes “HK1, 2, and 3”); whereas the lowest dry density was
obtained at 0.74 g/cm3 at 4.3m depth.

Relationship between Dry unit weight (y,, Diameter
(D,,) and Depths (D)
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Figure 2: Relationship between Dry unit weight (gram/cm®), Diameter (mm), and Depths (m)

Dry unit weight (g/cm?)

Figure 3: Dry unit weight (gram/cm?®) variations with Depths (m) from 0.0m to 27.0m
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Figure 4: Dry unit weight (yk, gram/cm?®) variations with Depths (D, m) from 0.0m to 40.0m

3.3.2 The relationship between Dry unit weight (kN/m3) variations and Constant Loading P (kPa)

Descriptions Notations Values Unit

Speed S, 0.0001 ~ 900 %/minute ~ %minute
Maximum stress S, 1000 kPa

Nornal stress S o 1000 kPa

Weight of machine W 0.1 Tone (T)

Area of machine A 380 Square millimeter (mm?)
Height of machine H_ C1400 millimeter (mm)
The outside diameter of the machine | D 100 millimeter (mm)
Inside diameter of the machine D, 70 millimeter (mm)
Thickness of machine Th 5 millimeter (mm)
Electricity source ES, 90 ~ 240 and 50/60 | Volts/ Hz

Table 2. Specification of the Shear machine “VJTech”

Screen

Bar for fixing of the shear box "}

Pedestal

Hanger
of load

® 00 ® e
Qe 999990
U |

shear plang shear (slip) plane

Displacer:\Em direction of soil particle

b) Simulation of soil particle displacement direction

Figure 5: Simulation of shear process
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The samples are saturated completely after 24 hours. For all of
the samples with size 60x60mm which are put in a Shear machine
for time for the cutting process is 0.005mm/ minute. Loading is
constant value P = 0.5kg/cm?. When the shear process begins (see
figure 5), soil particles connect together with the purpose prevent
shear force. And when the shear force of the machine is rather
than the linked force of soil particles together, so the destruction
process will be done on the surface of soil particles together.

During this process, soil particles will be slipped on the flat
together, which creates friction forces. These friction forces have
the same directions, which are located in the horizontal direction.
After this slip process has been finished, the soil particle surface

20

will be destructed clearly. Results have been shown particularly in
figure 6 (see figure 6).

From the result of figure 6, it is easy to see that at 12.0m; 21.0m,
and 25.0m depths, dry unite weight (density) increases by 2.024
g/em3; 1.697 g/cm?; and 1.706 g/cm?. Moreover, these values
decrease gradually with 8.0m; 15m; and 21.0m depths with 1.482
g/em3; 1.642 g/cm’, and 1.577 g/em?. After loading is a little
changing as compared with before loading. The biggest value is
1.954 g/cm?® at 18.3m depth (before loading); the lowest value is
1.482 g/cm? at 8.3m depth (before loading); The biggest value is
2.074 g/cm® at 18.3m depth (after loading); the lowest value is
1.621 g/cm’ at 8.3m depth (before loading).

—~
£ 194
> Y
2
5 1.8
o O
o .
5
2 1.7
w LY
= y
K=y ;
() 1.6 H \ /
2 .
5 1.5 \-/
= 1
[m]
1.4

~2.1

SHca T

--=-- B(After)
—m— C(Before

20

Dry unit weight before loading (g/cm®)

T T
18 20 22 24 26

Depths (m)
Figure 6: Dry unit weight (gram/cm?®) and Constant load (P = 0.5kg/cm?)

3.2.3 The relationship between Shear stress variations and
Depths

The Shear stress variation experiments were done at three
boreholes “HK1, 2, and 3”. Loading is designed in this process
which is shown with the different values corresponding to different
loading levels such as: 0.25 kg/cm?; 0.5 kg/cm?; 1.0 kg/cm?; 1.25
kg/cm? 1.5 kg/cm?; 2.0 kg/cm?; 3.0 kg/cm?; 4.0 kg/cm?. Shear
stress values T1, T2, and 13 were shown with different depths.

From 4.0m to 27.0m Depths of borehole 1 “HK1”, shear stress
values T1, T2, and 73 increase with different depths (see figure 6).

The value of the shear stress 11 less changed as compared with
values 12, and ts. In contrast, shear stress values 13 and 12 are almost
equal. On the other hand, from 4.0m to 18.0m depths, shear stress
increased with the maximum value of shear stress s was obtained
at 1.276 kG/cm? at 27.0m depth; compared with 0.06 kG/cm? of
shear stress 1 at 4.3m depth. And the biggest shear stress 1> was
obtained at 1.233 kG/cm? at 18.3m depth; Moreover, this value
decreases gradually and becomes constant as depths continue
increasing gradually at 27.0m. It is clear to conclude that shear
stress variations increase gradually with different depths.

1.8 T T T T T 1.4
1'6__ 1.2
1.4 -
] = 1.0
1.2 :
€ 10- 0.8 ¢
o 4 .. £
S 8] Fos £
< 064 s S - <
i Com (1) i
0.4
] b Lo
0'2"_ —— ()
0.0 I- 0.0
T T T ) T
o 5 10 15 20 25 30
Depth (m)

Figure 6: Shear stress variations and Depths of borehole 1 “HK1” (from the depth at the bottom of each layer at 4.0m to 27.0m)
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From 4.0m to 27.0m Depths of borehole 2 “HK2”, shear stress 11,
T2, and 13 presented increasing gradually with different depths (see
figure 7). The shear stress value 11 less change as compared with
T2, and 3. Moreover, the values of shear stress 12 and 13 change
most equally. On the other hand, shear stress 13 was obtained at
the biggest value of 1.310 kG/cm? at 30.3m depth; whereas less
increase with the lowest value 11 of 0.052 kG/cm?; and relatively
stable T2 with 1.034 kG/cm? at 15.3m depths. All these maximum
values show at 18.0m depth and the value of shear stress T

decrease gradually until constant as the increasing up to 27.0m
depth of the remaining values. Moreover, from 18.0m to 27.0m
depths, shear stress 11 increase gradually and stability, whereas the
value of shear stress 12 continues to increase. However, the value 12
fewer increases as compared with 3. So it is clear that shear stress
changed clearly with different depths. The shear stresses increase
with different Depths. The clear difference and the biggest value
obtained in this result is value ts.

T T T T
Ll L 1.2
1.6
1 - 1.0
1.4
1.2 0.8
& E &
£ 1.0 e E
10} 1 B (O]
€ os- £
- ™~
153 1 e
0.6 - 0.4
0.4
] 0.2
0.2 H
0.0} - 0.0
T T T T
0 5 10 15 20 25 30
Depths (m)

Figure 7: Shear stress variations and Depths of borehole 2 “HK2” (from the depth at the bottom of each layer at 4.0m to 27.0m)

From 4.0m to 27.0m depths, borehole 3 “HK3” presented quite
clearly shear stress 11, 12, and 13 increase with depths (see figure
8). The value of shear stress 11 fewer a change of 0.948 kG/cm? at
5.0m depth; as compared with values 12, and t3. On the contrary,
the value of shear stress 12 obtains a maximum value of 1.276 kG/
cm2 at 5.0m depth. And then these values decrease dramatically
to 1.267 kG/cm? at 7.0m depth and increase gradually from 7.0m

to 15.0m depth. On the contrary, shear stress s increase gradually
but it fewer changes as compared with value 12; In addition, from
15.0m to 27.0m depths, these values increase relatively steadily;
whereas the biggest value of shear stress is 13 at 27.0m depth, and
the lowest value is 1. The increasing shear stress is not stable with
depths. The clear difference and biggest values are 1.

1.8 T T T T T
- 1.3
1.6
1.2
1.4
& &
(\EJ 1.2 - 1.1 E,
Q 2
€ 1.0 5 B
0.8
- 0.9
0.6 [ - .
= T T T T T 08
0 5 10 15 20 25 30
Depths (m)

Figure 8: Shear stress variations and Depths of borehole 3 “HK3” (from the depth at the bottom of each layer at 4.0m to 27.0m)
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On the other hand, from 4.0m to 40.0m depths, borehole 3 “HK1,2
and 3” show shear stress values t1, 12, and 13 increase clearly with
different depths (see figure 9). Generally, all of the values change
with increasing gradually and stabilize with increasing depths. The

lowest value and less change are ©1 with 0.052 kG/cm? at 4.8m
depth; whereas the biggest and more change values are 13 with
1.750 kG/cm? at 39.6m depth. Finally, the biggest value of stability
is T2 with 1.276 kG/cm? at 17.8m depth.
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Figure 9: Total of Shear Stress with 11, 12, T3, (from 0.0m to 40.0m); boreholes “HK1, HK2, HK3”

3.2.4 The relationship between Dry unit weight (density) and
Shear Stress at Depths (from 0.0m to 40.0m)

The relationship between dry unit weight (density) and shear stress
with different depths was presented clearly in figure 10 (see figure
10). From figure 10, it is easy to see that dry density changed
relative stability with shear stress 11, and these values increase
gradually with the increasing depths. Moreover, the biggest and

most remarkable values of dry density and three shear stress show
clearly of 1.626 g/cm?;, 0.948 kG/cm? (t1); 1.276 kG/cm? (12);
and 1.655 kG/cm? (13) at 18.0m depth; whereas dry density and
shear stress t' change with gradual decrease and stability with the
depth increasing. In contrast, the shear stress > and 1* continue to
increase remarkably. So it is easy to conclude that depths increase
and dry density and shear stress increase respectively.
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Figure 10: Total of Shear Stress (t) and Dry unit weight (yk) at Depths (D) of the Clay layer with 1, T2, T3, (from 0.0m to 40.0m);

boreholes “HK 1, HK2, HK3”
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3. Discussion

Research on the change of the dry unit weight (density) has been
shown clearly as an analysis of variations with different depths.
The medium value of the Clay layer (from 4.0m to 27.0m) obtains
1.44 g/cm®. Whereas compared with the layered sand (from 27.0m
to 39.6m) up to 1.57 g/cm?. The medium value of the total of
depths (from 0.0m to 40.0m) obtained 1.491.57 g/cm?>.

With the constant load P = 0.5 kG/cm? for the Shear stress
determination to determine the shear stress decrease gradually
as increasing of depths. Differences between loading before and
after loading at three boreholes have been presented particularly.

w

Depths (m)
N

minimum

EmO0-5 m5-10 m10-15

Relationship bewteen Shear stress and Depths

Shear stress (kG/cm?)

15-20 m20-25 m25-30 m30-35 m35-40

At borehole 1 “HK1”, the value is 0.135 kG/cm?; 0.12 kG/cm?;
and 1.129 kG/cm? at 11.3m; 18.3, and 24.3m depths; whereas
compared with the borehole 2 “HK2” value of 0.139 kG/cm?
and 0.114 kG/cm? at 8.3m and 15.3m depth. Finally, the value at
borehole 3 “HK3” is up to 0.126 kG/cm? at 20.8m depth.

In contrast, when consideration was done at shear stress values
T1, T2, T3 at boreholes “HK1, HK2, and HK3” with a remarkable
change in the different depths. The medium values of shear stress
T1, T2, T3 account for 0.63 kG/cm?; 0.95 kG/cm? and 1.32 kG/

cm?.

medium
maximum

Figure 11: Relationship between Shear stress (t) and Depths (D)

4. Conclusion

Firstly, dry density is evaluated carefully by one particular process,
which includes 19 steps. Steps were done carefully to obtain the
best results. Dry density increases gradually with the increasing
of different depths. This increase is relative stability at boreholes
from 8.0m to 40.0m. Moreover, the biggest value of dry density
was obtained of 1.582 g/cm® at 18.3m depth of boreholes “HK1,
2, and 3”); whereas the lowest dry density was obtained at 0.74 g/
cm3 at 4.3m depth.

Secondly, the dry density changed with the constant loading
process. This process was done carefully by the shear machine.
The biggest value is 1.954 g/cm? at 18.3m depth (before loading);
the lowest value is 1.482 g/cm® at 8.3m depth (before loading);
The biggest value is 2.074 g/cm?® at 18.3m depth (after loading);
the lowest value is 1.621 g/cm?® at 8.3m depth (after loading).

Thirdly, shear stress was measured carefully one by one of the
samples according to one by one of the different depths. At the
Clay layer (from 4.0m to 27.0m), the lowest value and less change
are 1 with 0.052 kG/cm? at 4.8m depth; whereas the biggest and
more change values are 13 with 1.750 kG/cm? at 39.6m depth.
Finally, the biggest value of stability is T2 with 1.276 kG/cm? at
17.8m depth. On the other hand, at the Sand layer (from 27.0m
to 40.0m), the lowest value and less change are t1 with 0.586 kG/
cm?2 at 29.8m depth; whereas the biggest and more change values
are 13 with 1.750 kG/cm? at 39.6m depth. Finally, the biggest
value of stability is 12 with 1.21 kG/cm? at 36.0m depth. Finally,
the research results of this paper show clearly the process of dry
density determination, constant loading, and shear stress with
depths. So results will be contributed more remarkable things to
geotechnical engineering and researchers in the future.
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List of Notations

Signs | | Detail Describes | Unit
The Dry unit weight (dry density) with Depths
m, = The absolute dry soil mass gram (g)
m, = The mass of soil sample which is air drying outside | gram (g)
by the wind
w, = The content of the hygroscopicity of soil percentage (%)

p = Unit weight (density) of soil gram/cm?
m, = The absolute drying mass in the flask gram (g)
m, = The mass of the flask which contains suspension gram (g)
(pure water and soil)
m, = The mass of the flask which contains full water gram (g)
P, = The density of water at a temperature which is done | gram/cm?
in the experiment
Y, = Dry unit weight gram/cm?
D, = Diameter of soil particle Millimeter (mm)
D = Depths Meter (m)
T = Shear Stress Kilogram-force/ square
centimeter (kG/cm?)
P = Load kPa

*Specification of the Shear machine “VJTech”

S = Speed /minute ~ %/minute

S . = Maximum stress kPa

S e = Nornal stress kPa

W = Weight of machine Tone (T)

A = Area of machine Square millimeter (mm?)
H_ = Height of machine millimeter (mm)

D, = The outside diameter of the machine millimeter (mm)

D, = Inside diameter of the machine millimeter (mm)

T, = Thickness of machine millimeter (mm)

E = Electricity source Volts/ Hz
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