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Abstract

The resistance of dike materials has a great effect on the development of hydraulic engineering around the world. It helps
to understand the mechanism of dike failure occurred due to the influence of hydraulics and Geotechnical parameters. The
overtopping moment is one of the main failures that reduces the stability of the dike embankment through initiating the
breach channel inside dike crest as a result of water flow above the downstream slope of the dike. Two spatial overtopping
tests were conducted at in Hydraulic Geotechnical laboratories at the University Sains of Malaysia to observe the evolution
of matric suction and volumetric water content for two soil types of sand and very silty sand soils. A pilot channel was cut
in dike crest along the side wall of the small flume channel to represent the transition water flow from upstream into
downstream slopes during overtopping test. The results indicated that the matric suction decreases due to the increase of
volumetric water content during the saturation of dike body. The proportion increasing and decreasing of volumetric water
content and matric suction is lower in very silty sand than those in sand soil due to the presence of fine particles in previous
soil.
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1. Introduction

The construction of dike embankment has an essential situation in developing the areas of hydraulics and civil
engineering. It is constructed from an earthfill materials to prevent most dangerous failures such as sliding and
overtopping [1] and also save people's lives and property through preserving water in front of dike construction [2] and
[3]. Different hydraulics and Geotechnical situations are exposed to dike embankment and thus causes failure inside the
dike body for both saturated and unsaturated soil conditions [4]. A South Dark earthfill dam collapsed in 1889 in the
USA due to overtopping failure. The duration of overtopping failure is continued for 3.5 hours and caused losses of
2200 human lives. Many earthfill dams were damaged due to the development of the breach channel inside dam's bodies
during last century, such as Orés, Babi Yar, Sempor and Machhu Il in Brazil, USSR, Indonesia and India, respectively.
The majority of the dam and dike failures, with their causes and effects on losses of peoples' lives, are included in many
research studies [5-7]. The overtopping failure is occurring due to overflowing water above dike crest into downstream
slope and occurred as a result of different conditions such as high water level and the change of bed level [8] as well as
the extreme hydrology conditions [9], inadequate rehabilitation works [10] and the efficiency of spillway design [11].
The breach channel failure, due to overtopping moment, has occurred as a result of unsuitable design of spillway, the
spillway blocked, the losses of storage capacity of dike and higher soil displacement due to earthquake failure [12]. The
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dike failure is dominant controlled by the erosion process occurred in the downstream and upstream slopes while the
reservoir water on the upstream slope, dike materials and installation effect on dike stability. The compaction of dike
materials inside flume channels is widely studied by researchers as laboratory tests [13] as well as through software
models [14-16]. The experimental tests included the evaluation of breach channel for non-cohesive [17] and cohesive
materials [18] as well as for both homogeneous and composite soil materials during overtopping failure [19]. The
compaction of non-cohesive materials are controlled through using vibratory and static loads. However, the simulation
between prototype and laboratory experiments is difficult due to the differences in possibilities for laboratory conditions
[20].The resistance of non-cohesive dike embankment against the overtopping failure is more stable during the
compaction method of standard proctor minimum higher than compaction with efforts of (85 — 92% Proctor optimum)
[21]. In 1990, a Series of overtopping tests were conducted by the U.S. Department of Agriculture (USDA) Agricultural
Research Service Hydraulic Engineering Research Unit to observe the erosion process in the dike embankment of grass
covered in dike channel. They found that the grass reduced the rate of erosion process in during overtopping tests [22].
Three different overtopping tests, with different water contents, were performed by the USDA ARSHERU to analyze
the behavior of erosion process during Phase Il and Il of earth embankments [23]. The spatial breach tests were
simulated through initiating notch cut in the dike crest. The results indicated that the instability of dike slope is caused
by the undercutting of the breach channel as a result of overflowing water above the downstream and upstream slopes
and thus resulted in a huge amount of eroded materials along the dike's bed channel [24] and [25]. These observations
are similar to the notification results of [26].

A total of twenty four dike models were constructed by the Department of Civil Engineering, University of KwaZulu-
Natal in Durban, South Africa to determine the breach channel process inside sand barrier with the assistance of a video
camera to evaluate the evolution of water level [27] and [28]. The overtopping flow is crossed above dike crest into the
downstream slope through V- notch. They observed two types of dike failure during the tests. The first one, called as
initiation phase, initiated at the base of the downstream slope in which dike materials are eroded through channel while
the second one called a formation phase. The dike crest is collapsing while the lateral and vertical erosion processes are
taking place in the downstream and upstream slope. At the end of tests, A Venturi or hourglass shape for the dike breach
profile is viewed due to pore water pressure in dike slope [29]. The author has investigated the effect of inflow discharges
on the development of negative pore water pressure and water content inside the sand embankment dike during spatial
overtopping tests. Two sensors of tensiometer and Time Domain Reflectometer were used to measure the responses of
the sand dike for water saturation. He observed that the higher inflow discharges increased the volumetric water content
faster than that for lower inflow discharges. This is due to the increasing water velocity during the development of
erosion process inside dike [30]. The effects of dike slopes on the development of matric suctions and volumetric water
contents are determined through a series of spatial overtopping tests. Two dike slopes of 1V:3H and 1V:2.5H were used
to evaluate the responses of sand embankments through the infiltration of water level from the upstream slope into the
downstream slope. A pilot channel was cut in the dike crest along the side wall of the flume channel to initiate the breach
channel. The authors have observed that the percentages increasing of water content are higher for slope of 1V:3H than
the other slope prior to overtopping failure and vice versa after the overtopping moment. This is due to the increasing
of erosion process rate inside breach channel and thus accelerate the decreasing of negative pore water pressures [31].
In this study, two spatial overtopping tests were conducted in Hydraulic Geotechnical laboratories at the Universiti Sains
to evaluate the development of matric suction (negative pore water pressure) and volumetric water content through using
tensiometer and Time Domain Reflectometer (TDR) sensors, respectively of six groups for sandy and very silty sand
soil.

2. Experimental Test Procedures

Up to two spatial overtopping tests of dike embankment are installed as a trapezoidal shape to predict the responses
of matric suctions and volumetric water contents. The dike soil is classified as poorly graded coarse sand while the other
soil is classified as low plasticity of very silty sand while the Atterberg Limit tests are conducted in accordance with BS
1377: Part 2: 1990 as shown in Tables 1 and 2, respectively. The dikes are constructed at the end of the small flume
channel with dimensions of 190 cm length, 50 cm width and 30 cm height on the operation of overtopping failure. Both
of upstream and downstream slopes are constants with 1V:3H under inflow discharges of 30 I/min. These dimensions
are kept constants during the spatial overtopping tests. The small flume channel is constructed especially for simulating
the performance of dike embankment during the infiltration of water level with dimensions of 450, 50, and 60cm for
length, width, and height, respectively as shown in Figure 1. The phreatic water level is attached the dike crest and then
transmitted into the downstream slope through initiating a pilot channel along the side wall of the flume channel with
dimensions of 3cm height and 4cm width as shown in Figure 2. Twelve sensors of Tensiometer and TDR are installed
on the side wall of flume channel and inside dike materials for measuring the matric suction and volumetric water
content, respectively. This tensiometer sensor, of higher accuracy +0.1%uv., is consisted of the pressure transducer and
a porous ceramic cup. The pressure transducer, connected to a data logger, was developed instead of the vacuum dial
gauge. This is due to its ability for continuous, automatic and systematic recording of the suction. The type of the
tensiometer for this study is 2100F Soil moisture Probe and the transducer model is 5301. The current transduced
pressure required a power supply of 12-40 V dc. The assembly transiometer-transducer pressure should be covered with
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watertight seal for insuring the sensitivity of the instruments. The calibration process of tensiometer-transducer
instrument is done through connecting the long part of the assembly with data logger of an integrated direct current
power supply. For calibration process, the de-air water was used to fill the tensiometer and get out the water bubbles
from tensiometer. The time needed to reach the equilibrium state is rounded between 1 to 5 min depending on the
condition surrounding the ceramic cup. The minimum and maximum matric suction that tensiometer-transducer
assembly could achieved is between 0 to 90 kPa which is suitable for spatial overtopping tests. A Time Domain
Reflectometer (TDR) system of Trime-pico 32 manufactured at IMKO Micromodultechnic GmbH is installed on the
side wall of the PVC flume channel. The accuracy Of Trime-Pico 32 is high with (+1) picosecond. It is consisted of
TDR probes, power supply adapter, a distribution module and a GlobeLog datalogger. This type of TDR has used to
measure water content, soil temperature and electrical conductivity and salt content. The dimension of TDR body is 155
mm length and 32 mm diameter. It is connected to two rods of 110 mm length and 3.5. The 32 Trime-pico is supplied
electricity from an external 7-24V/DC power supply and connected to the IMKO GlobeLog data logger for continuous
and automatic data recording .The locations of tensiometer and TDR sensors are dependent on the directions of erosion

process inside dike embankment.
Table 1. Sieve analysis test for sandy soil

Dike components (%) Parameter (mm) (Cu) (Cc) Soil Classification
Sand 80.59 Dgo=1
Gravel 19.10 D3o=0.58 3.03 1.019 SP
Silt &Clay 0.31 D10=10.33

Table 2. Sieve analysis test for the very silty sand soil

Dike components (%) Liquid limit  Plastic limit  Soil Classification
Sand 60.56

Gravel 14.35 315 26.6 SML
Silt &Clay 25.09

Figure 1. Components of overtopping channel test for: 1) Water tank; 2) Discharge pump; 3) Flowmeter; 4) Flume channel;
5) Dike construction; 6) Sediment tank; 7) Data logger

pr— 190 cm

Figure 2. Geometry of dike construction with pilot channel location (shaded area)
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Both of two soils are oven-dried at 105°C for 24 hours in order to become in dry condition prior to overtopping tests.
The dike material is inserted into layers of 10 cm with hand timber compaction to evaluate the bulk density of 1.8 g/cm?
for all the construction. The precise value of bulk density of both soils is essential for results comparison. The flume
channel is supplied by Flowmeter and sediment box, to collect the eroded materials, in the beginning and ending of
channels, respectively. The tests begin through opening the Flowmeter as fast as possible to obtain a constant inflow
discharge of 30 I/min. During the transition of flow water from upstream into downstream slopes, both of tensiometer
and TDR sensors are recorded the matric suction and volumetric water content, respectively till the end of experimental
tests. The sensors are connected with data logger in which the results are analyzed and showed through P.C. In this
study, the results of matric suction and volumetric water contents are drawn by using Origin8 software. The tests ended
when the dike materials around each group is removed completely due to erosion processes. In this paper, the terms S1
(Soil 1) and S2 (Soil 2) are used to indicate the experimental results for sandy and very silty sand soils, respectively.

3. Results and Discussions

Figures 3 and 4 show the response of matric suction and volumetric water content for each group during overtopping
tests for S1 and S2, respectively. The X- axis represents the matric suction (kPa) and volumetric water content (%) while
the Y- axis represents the time of overtopping tests (minutes). In reality, the reservoir water effects on the water flow
inside breach channel and thus it is difficult to get the constant value of reservoir flow in front of upstream slope.
Nevertheless, the application of the constant inflow of 30 I/min is suitable for practical uses. For each group sensors, the
matric suction is increased in the beginning of overtopping test due to the installation of tensiometer sensors inside dike
materials. The records of infiltration air surrounding sensors are increased possessively because of gradually destroying
the inter-particle connection inside the dike while the responses of TDR sensors are close to zero due to lack or negligible
infiltration of water flow for both S1 and S2. For group F, the decreasing and increasing matric suction and volumetric
water content are occurring at t = 4 and 9 minutes for S1 and S2, respectively. The matric suction and volumetric water
content are 14.45 kPa and 33% for S1, respectively, while they are 14.63 kPa and 16.8%, respectively for S2. The
infiltration water penetrated the soil particles in vertical and horizontal directions. The horizontal water level saturated
the horizontal base of dike embankment while the vertical one expelled out the negative pore water pressure and changed
soil condition from dry to partial saturated conditions. As a result of water saturation, the matric suction is decreased
gradually due to the increasing of volumetric water content and thus reduce the soil shear strength. The vertical soil
water pressure transfer infiltration water from lower tension zone to higher tension zone; consequently the meniscus
curve “connected between air pressure and water pressure” is destroyed. As most of soil particles saturated in group F,
the permeability to air and water flow is decreased and increased, respectively, depending on the proportion of soil
components while the vertical water level moved up into other groups in the transition area between upstream and
downstream slopes. In group E, the reduction of matric suction occurred at t =5 and 10 minutes with values of 14.6 and
13.09 kPa while the volumetric water contents are 27 and 19 % for S1 and S2, respectively. The water infiltration
saturates the soil voids near the toe of the upstream slope and thus longer time is needed for saturation process near
group F. On the other hand, the presence of earth gravity reduces the water velocity near group E, consequently, the
noticeable decreasing and increasing of matric suctions and volumetric water content, respectively are occurring slowly
compared with group F. The saturation processes for groups A, B, C and D, in both soils, is similar to that occurred in
groups E and F in which the movement of water particles is dependent mainly on locations of these groups in middle
and downstream slope of dike embankment. The reductions and increasing of negative pore water pressures and
volumetric water contents, respectively, for the three groups occurred after overtopping failure due to the development
of the breach channel inside the pilot channel in the dike crest. The erosion process of dike materials is faster in the
downstream slope and then widened in the transition area between downstream and upstream slope and thus the
saturation water process is faster compared with that in groups E and F. For S1, the reduction and increasing of matric
suctions and volumetric water contents for groups A, B, C and D are occurring att =9, 8, 10 and 7 minutes while for
S2, the decreasing of negative pore water pressures for mentioned groups are occurring att =13, 10, 11 and 11 minutes,
respectively.
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Figure 3. Response of matric suction and volumetric water content for groups of S1: a) F; b) E; ¢) D; d) C; e) B; f) A;
respectively
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Figure 4. Response of matric suction and volumetric water content for groups of S2: a) F, b) E, ¢) D, d) C, e) B, f) A,
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Figure 5 shows the actual procedures of experimental tests during the infiltration of water level prior and after the
overtopping failure. It show the installation of dike embankment inside flume channels as well as the locations of
tensiometer and TDR sensors that distribute in upstream and downstream slopes. The height of upstream slope is divided
into 3, 6, 9, 12, 15, 18, 21, 24, 27 cm in order to clarify the gradual water fill up of soil particles. The last height of 27
cm represents the initiate time of overtopping moment in the dike crest. The infiltration water attached the base of the
upstream slope as shown in Figure 5a. During this stage, the particles still have higher negative pore water pressures
due to the lack of water content. The phreatic water level starts to increase the percentage of water content faster and
thus progressively reduce the resistance of soil shear strength. It is connected the dike heights of 3, 12, 18, 24 and 27
cm as shown in Figure 5b, 5c, 5d, 5e and 5f, respectively. Figure 6 shows the responses of tensiometer and TDR sensors
after the overtopping failure. The overtopping water cross over the pilot channel at t= zero seconds. The breach channel
widen gradually in the downstream slope, the transition area between upstream and downstream slope and then eroded
area of upstream slope at t = 20, 70, 110 and 190 seconds. This process occurs due to the increasing of water velocity
during erosion process and thus rapidly reduce the values of negative pore water pressure for all groups. The last time
represented the end of experimental tests in which the erosion process of dike materials is stabilized.

Figures 7 and 8 show the responses of matric suctions and volumetric water contents for all groups during overtopping
tests of S1 and S2, respectively. Group F are saturated with infiltration water earlier than group E for both S1 and S2.
This is because of starting the decreasing and increasing of matric suction and volumetric water content, respectively
near the toe of upstream slope in which phreatic water level is distributed easily in this area due to the small effect of
gravity against the movement of infiltration water. For S1, the continuity of saturation process leads to decrease the
matric suction for group F further than that in group E while the responses of negative pore water pressures are 11 and
12.3 kPa, respectively at t = 7 minutes. The volumetric water contents are 35.11 and 29.5%, respectively. The percentage
of water contents are still occupying the soil particles at latter minutes in which the higher volumetric water content is
41.75 % at t = 10 minutes. The same procedures are occurring in the very silty sandy soils in which the reductions and
increasing of matric suctions and volumetric water content is faster for group F. The matric suctions are 11.04 and 12
kPa for groups F and E, respectively, while the volumetric water contents are 21 and 20% for groups F and E respectively
at t = 12 minutes. This is because of continuous erosion processes near group F near the bed of dike bed. The completely
saturated condition of dike particles is difficult to be reached during overtopping test due to the large particle spaces in
the downstream slope. The location of group D, below the dike crest, represents the initiation of breach failure inside
pilot channel as a result of the flow water cross above dike crest. The decreasing and increasing of matric suction and
volumetric water content, respectively, are occurring before the overtopping moment at t = 7.16 and 11.7 minutes for
S1 and S2, respectively. The fine particles of the very silty sand tend to store huge amount of water contents, in the
upstream slope, inside particles and thus reduces further, compared with sandy soil, the movement of water level towards
soil voids near group D. The volumetric water content are 20 and 1.42 % for S1 and S2, respectively at t = 8 minutes.
The differences in the beginning of overtopping moment are occurred due to the presence of fine particles in S2 in which
it resulted in decreasing the velocity of water level near dike crest.
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Figure 5. The actual experimental tests for the gradual water infiltration in the upstream slope for: (a) 0 cm; (b) 3cm; (c) 12
cm, (d) 18 cm; (e) 24cm and (f) 27 cm
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Figure 6. The actual responses of tensiometer and TDR sensor after overtopping failure for: (a) Zero seconds; (b) 20
seconds; (c) 70 seconds; (d) 110 seconds and (e) 190 seconds
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679



Civil Engineering Journal Vol. 4, No. 3, March, 2018

—— Group F Inflow: 30 I/min Overtopping time .

i GroupE  Slope 1V:3H i
164 - Group D E
1<~ Group C '
154 Group B E

Matric suction (KPa)
—
Lfa

LA I L B RN L S N WA LY L SRR N N
0o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Time (min)
(@)
28 T
14 Group F  Inflow: 30 /min Overtopping time Seil 2
~ 24] Group E  Slope 1V:3H
s 10— Group D
- 1< Group C
Z 204
& ]—#— Group B
5 71—+ Group A
w167
& ]
il -
= 129
2 ]
o
g 8
= J
= ]
=) .
- 4
B B e T T
-] T"T T T T T T T T T

T
0o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Time (min)

(b)
Figure 8. The group's responses of S2 during overtopping tests for a) matric suction and b) volumetric water content

However, the reductions of matric suctions show the smaller impact of infiltration water in dike before overtopping
moments. The flow water near the top of upstream slope is affected slightly on the soil layer below dike slope. The
breach channel in dike crest is saturated and accelerated after overtopping failure and thus increases the amount of water
content inside the particles. The volumetric water content of S1 is 28.5% at t =9 minutes while it is 18% at t = 12 minutes.
The increasing of water contents for both soils indicates the importance of seepage flow inside the erosion breach
channel. The continuous decreasing and increasing of matric suction and volumetric water content, respectively, resulted
in decreasing Factor of Safety (FOS) for dike crest, consequently the shear resistance of soil particles is failed due to
high water velocity and thus the effect on dike slope instability. However, the percentage increasing and decreasing of
volumetric water contents and negative pore water pressures, respectively, for S2 is less at latter minutes due to the high
connection of fine particles into water molecules. The volumetric water contents are 20 and 23 %, while the negative
pore water pressures are 13.1 and 12.55 kPa at t = 13 and 14 minutes, respectively. The responses of groups A, B, C is
noticeably affected, by infiltration water in the development pilot channel, after the overtopping failure for both S1 and
S2. The beginning decreasing and increasing of matric suction and volumetric water content for groups A and B is faster
than those in group C for S2. They occurred at t = 14 and 13 minutes for groups A and B, respectively, and at t = 15
minutes for group C. The matric suction and volumetric water content for group A at t = 13 minutes are 16.19 kPa and
18% while they are 14.2 kPa and 8%, respectively for group B at t = 13 minutes. However, the reductions of matric
suctions are faster in group B than the other two groups. This is due to the evolution of lateral and vertical erosion

680



Civil Engineering Journal Vol. 4, No. 3, March, 2018

processes near the top and toe of downstream slope. The soil layers near group C is collapsing due to the erosion
processes occurred in the transmitted area between the downstream and upstream slope. The responses of matric suction
and volumetric water content is considered the longest compared with groups A, B and D in which it ended at t = 15
minutes. This is due to the ending of the erosion of dike materials near the toe of upstream slope. Figures 9 and 10 show
the comparison results between the behaviors of matric suctions and volumetric water contents between S1 and S2,
respectively. The very silty sand soil has a characteristic of containing fine particles which effects on the development
of matric suction and volumetric water content. For groups F, the decreasing and increasing of matric suction and
volumetric water content are occurring at t = 4 minutes for S1 while they occur at t = 7 minutes for S2. The infiltration
water penetrates the soil particles of S1 faster than that for S2 due to the composition particles of S2. At t = 5 minutes,
the matric suctionsare 13.8 and 14.03 for S1and S2, while the volumetric water contents are 34 and 1.34%, respectively.
The fine particles (clay and silt) are very small and tightly gathered inside soil in which they possess huge specific areas.
The inter-particles forces are connected and governed the fine particles and effect on the absorption of water content for
dike soil. They decrease the permeability of infiltration water within soil particles and thus the vertical and horizontal
water levels are distributed hardly near the toe of upstream slope towards group F; consequently the responses of matric
suction and volumetric water content for S2 are delayed for a longer time. The reduction of matric suction is occurring
pointedly in S1 compared with S2 during overtopping tests while the responses of volumetric water contents are
gradually increased for S2. Att = 9 minutes, the reductions of matric suction are 9.3 and 14.36 kPa for S1 and S2 and
the volumetric water contents are 37.87 and 16.8%, respectively. Despite that, the gradual increasing of volumetric water
contents for S2 is slow compared with S1 till the end of erosion process in the upstream in which the volumetric water
contentsat t =11, 12 and 13 minutes are 20, 21 and 22 kPa, respectively. The volumetric water contents for S1 are 37.87
and 41.75 % at t = 9 and 10 minutes, respectively. This is due to the higher permeability of sandy soil to infiltration
water that leads to decreases and increases significantly negative pore water pressure and volumetric water content,
respectively.

1 Group A 4 Soil1 q-4
—Soil2 47 N

CO I

E

Matric suction (KPa)

12
L AL AL A SR SENLE
0 2 4 6 8 10 12 14

Time (min)

GroupB ¢ Soil 1
T —&— Soil 2 Xy

3

Matric suction (KPa)

—
n

Y
-—

0 2 4 6 8 10 12 14
Time (min)

681



Civil Engineering Journal

Vol. 4, No. 3, March, 2018

-
T

>

3

3

Matric suction (KPa)

GroupC -~ Soil 1
——Soil 2

2 4 & B M0

Time (min)

14
Group D —O- Soil 1 Q
-o-Soil2 07
J p \
0 \
/
:;:5‘13— O/
L /
= A
=
5 o
2 124
R
|-
Y- \
o]
114
T T T T T T T T T T T T J T
0 2 4 6 8 10 12 14
Time (min)
Group E - Soill
15 o 8 Soil 2
144
5 ]
= 134
L
g i
@ 12
2
= .
=
= 11
T \
104 m]
T T T T T T T
0 2 4 6 8 10 12 14
Time (min)

682



Civil Engineering Journal Vol. 4, No. 3, March, 2018

Group F -\ Soil 1
15+ —A- Soil 2
i Al A
14—
-
2 13+
A
=]
£ 12
a2
2
=11+
3
=
10+
| A
9 ~a-B
— 77— ————
0 2 4 6 8 10 12 14 16
Time (min)
Figure 9. Comparable results of matric suctions between S1 and S2
25
GroupA < Soil 1 N
—4—Soil 2 ;
I
§ 204 ’f'
~— 1
b ,
= )
3 15 p
g <
= I
= '
2 10+ I
1
= i
£ i
2 '
= 5 *
1
!
0 T T T T T T T T T T T T T I
0 2 4 6 8 10 12 14
Time (min)
45
{ Group B =% Soil 1 *
40 —&—Soil 2 ,
~
P ] 1
= 351 1
S _ 7 '
= 304 !
6 4 I
= 254 !
e 1 !
= !
z 204 :
o ]
E 15 lad
E i /
= 10+ !
= ] /
~ 5 #
i _ _ -
0 T | T l T l T I T l T I T I
0 2 4 6 8 10 12 14
Time (min)

683



Vol. 4, No. 3, March, 2018

Civil Engineering Journal

- Soil 1
- Soil 2

pC

<4 Grou

_——
- -
-
- —

)

wn

o b owo wowvbo b o
W < F MO M N N ™ -
(%) YUJU0) JB)EAN ILIIUINOA

16

Time (min)

GroupD -O- Soil 1

—@— Soil 2

10

T
8
Time (min)

T
6

30

bW b b b b
™~ (o] L ol -
(95) yuajuo)y I3JEAY JLIAWN[OA

o

-0 Soil 1

—- Soil 2

B
5

4

4 Group E

e B S WS W oo

< M M N N -

(94,) 1UIUO)) IR AN JLIJAWIN[O A

14

12

10

Time (min)

684



Civil Engineering Journal Vol. 4, No. 3, March, 2018

AA

44

1 Group F A Soil 1 A
40- —& Soil 2 A
36+ PaPAN
i _ A- A- A
32- ?
28— !
. 1
24— 1
20- !
16- /

12-

Yolumetric Water Content (%)

Time (min)
Figure 10. Comparable results of volumetric water contents between S1 and S2

The continuity of saturation process for S1 and S2 is ended at t = 10 and 15 minutes, respectively. This is due to the
reduction of water velocity for very silty sand in the upstream slope and thus slow the development of the erosion
process. The saturation processes for group E for S1 and S2 are occurred due to the rise of phreatic level into middle of
upstream slope and thus increases the volumetric water contents inside the dike. The responses of volumetric water
contents are higher for S1 than that for S2 during the whole overtopping test. This is due to the delay of transferring
water infiltration into group E due to the restrictions of gravity and the presence of fine particles. The gravitational forces
reduced the velocity of infiltration water towards the middle of upstream slope and thus more particles is saturated in
horizontal direction rather than in vertical directions. The combined silica- alumina sheets in fine particles are tightly
connected by hydrogen bonding inside particles and thus reduce the permeability of water for S2. The responses of
matric suction and volumetric water content are continued until t = 9 and 14 minutes in which the volumetric water
contents are 44.2 and 26%, for S1 and S2, respectively. This is due to the longest saturation process in the transition
area between downstream and upstream slopes for S2 that slow the duration of erosion process near group B. Comparing
with group F, the increasing of volumetric water contents of group E is high in which the volumetric water contents are
24 and 26% at t = 14 minutes for S2. This is due to the increasing water velocity during the development of the breach
channel near the middle of upstream slope.

The erosion process is continued longer for group F in which it lasted until t = 15 minutes. This is due to direction of
vertical erosion process from the dike crest till the toe of the upstream slope. The overtopping failure occurred due to
the penetration of infiltration water in the pilot channel near group D. The saturation process is occurring faster for the
layers below dike crest faster in S1 than that in S2. This is due to the increases of water turbulence inside the breach
channel failure after the overtopping moment and thus increases the amount of water content inside the particles. The
porosity of S1 increases the ability of soil particles to increase the infiltration of water level inside neighboring particles
during the widening of the breach channel in the dike crest. The matric suction at t = 8 minutes of S1 is 11.85 kPa with
volumetric water content of 20%. On the other hand, the matric suction is continually increasing in value of 13.24 while
the responses of volumetric water content are closed to dry condition with a value of 1.42% for S2. The attached water
level of the upstream slope is reached faster the dike crest for S1 higher than S1. However, the major decreasing and
increasing of negative pore water pressures and volumetric water contents, respectively, for both soils are occurring
after overtopping failure. The reduction and increasing of volumetric water content, respectively, for S2 are occurring
slower than that in S1. The S2 has lower porosity, due to the tightly fine particle composition, in which the movement
of water molecules is difficult to ease; consequently the materials are longer eroded.

The responses of negative pore water pressures and volumetric water contents for S1 and S2 are ended att = 9 and
14 minutes, respectively. This huge difference shows the effect of seepage flow for S1 in the upstream slope that
contribute to the erosion process in the downstream slope. The presence of fine particles of S2 reduces the velocity of
horizontal and vertical erosion process in the transition area between the downstream and upstream slope, thus the shear
strength parameter for most voids in the upstream slope still resists the overtopping flow inside breach channel. The
reduction of matric suctions, for S1, is occurring at t = 10 minutes in which the percentage of water content within
particles are 53.2 % for group C. For S2, the responses of volumetric water content are delayed until t = 15 minutes with
a value of 27%. This is due to the development of lateral and vertical erosion processes in the transition area between
upstream and downstream slopes. The higher coarse particles in S1 increases the rate of breach channel failure and thus
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increases the quantity of volumetric water content near group C. For S1 and S2, the responses of matric suctions and
volumetric water contents are close to dry conditions (water content = zero) during most experimental test's time until t
= 10 and 15 minutes, respectively. This indicates the reduction of FOS for soil layers below dike crest that accelerates
the failure of the pilot channel near group C. The responses of matric suctions and volumetric water contents for groups
A and B are occurring during the erosion process in the downstream slope for both S1 and S2. In group B, the beginning
reduction of matric suctions for S1 and S2 is not high at t = 8 and 13 minutes, respectively. This is due to the less
connection to infiltration water, towards the downstream slope region, during the water flow cross above the dike crest
inside the pilot channel.

The velocity of water has accelerated the increasing rate of the volumetric water content within particles during the
transition of overtopping flow from the top into the toe of the downstream slope in S1. Increasing the water content
leads to reduce the critical shear stress along the dike slope and thus resulted in dike slope instability. The volumetric
water contents are 16 and 1.26 % for S1 and S2, respectively at t = 9 minutes. The cohesive forces of S2 increase the
negative pore water pressure and thus increases the shear strength for longer time, compared with S1, against the power
of water flow erosion in which the erosion process ended at t = 13 minutes. The responses of volumetric water contents
are occurring earlier at t = 13 minutes compared with that for group C. This is due to the locations of group B near the
upper part of downstream slope that ease the water infiltration process in which the water velocity starts to be
accelerated. The highest overtopping water velocity inside breach channel is occurring near the region of group A in
which the water conditions changed from critical into subcritical and thus increased the volumetric water content. The
high volumetric water for S2, occurred at t = 14 minutes, is considered the lowest compared with other group results in
which the volumetric water content is 18%. This is due to the beginning of erosion process near the bed of dike
construction in the downstream slope and then extended into middle and upstream slope and thus the responses of
volumetric water content and matric suction are ended early. Figures 11 and 12 show the vertical erosion process inside
the dike embankment for S1 and S2, respectively. The dashed line represents the paths of vertical erosion process during
the development of breach channel.

The vertical erosion process is initiated through crossing flow water in the pilot channel at t = zero seconds. At t =
10 seconds, the vertical erosion processes in both soils is small due to high materials quantity in the dike crest and the
lack of water content percentage in the downstream slope. The development of breach channel in the downstream slope
is occurring at latter minutes due to the increase of water velocity and turbulence. At t =80 and 180 seconds, the majority
of downstream slope materials are eroded for S1 and S2, respectively in which the breach channel failure is developed
in the transition area between downstream and upstream slopes and area of the upstream slope. Soils with higher fine
particles are helped to stick particles together and thus reduce the rate of infiltration water and time of erosion materials.
The enlargement of vertical breach channel is slow down gradually and then stopped, due to the reduction of erosion
velocity, while most of dike crest height is disappearing at t = 190 and 690 minutes for S1 and S2, respectively.
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Figure 11. Dike breach profiles for vertical erosion process of S1
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3. Conclusion

Two overtopping tests are discussed in this paper to evaluate the effect of sand and very silty sand soils on the
development on matric suction and volumetric water content for six groups using twelve tensiometer and TDR sensors,
respectively. The tests were conducted in small flume channel in Hydraulic Geotechnical laboratories at the Universiti
Sains of Malaysia. The dimensions of dike embankment and inflow discharge of 30 I/min are similar for both tests. The
results show that the reduction of matric suctions occurred as a result of infiltration water inside soil particles and thus
increases the volumetric water contents in both soils. The groups sensors in the upstream slope tend to be saturated early
compared with those in the middle and downstream slope of dike embankment during the transition of phreatic water
level from the upstream slope into downstream slope through pilot channel. The rate of decreasing and increasing of
matric suctions and volumetric water contents, respectively are lower in very silty sand soil than those in sandy soil due
to the presence of fine particles in previous soil. The permeability of very silty sand soil reduce the velocity of erosion
process within dike particles.
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