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Abstract

Constructions placed on coral sand foundations on offshore islands are often subjected to
wave and wind loads which are cyclic dynamic loads. Therefore, a study on the behavior of
coral sand under the effect of cyclic dynamic loads is necessary to evaluate the bearing
capacity of the structures. This study is devoted to determining dynamic parameters of
dense coral sand using Controls dynamic triaxial compression testing device under large
deformation and different confining pressure conditions. Parameters analyzed in the present
work include excess pore pressure, damping ratio, dynamic elastic modulus and dynamic
shear modulus. In addition, to evaluate the correlation between static and dynamic elastic
modulus of coral sand, the study conducted additional static triaxial compression
experiments according to the consolidated undrained condition. The results showed that an
increase in pore water pressure and a decrease in dynamic shear modulus as shear strain
increases, while the damping ratio also increases. As the shear strain is less than 0.1%, the
damping ratio showed minimal variation. The dynamic elastic modulus of the coral sand is
approximately 1.5 times greater than its static elastic modulus.

Keywords: Coral sand; excess pore pressure; damping ratio; dynamic elastic modulus; dynamic
shear modulus; confining pressure.

1. Introduction

Vietnam’s offshore islands are predominantly formed by coral reefs, consisting of
coral sand and coral rock. The coral sand is a significant type of sediment, typically
containing very high calcium carbonate content (over 90%) [1]. The coral sand
possesses distinct structural characteristics such as angularity, rough surface texture, and
irregular particle shapes. As a result, it exhibits specific properties: a high internal
friction angle, the presence of apparent cohesion (reflecting interlocking between
particles), and the potential for particle breakage under static or dynamic loading
conditions [2-4]. Due to these characteristics, coral sand behaves differently from silica
sand under both dynamic and static conditions.

Several researchers [5-7] have conducted cyclic triaxial tests in the laboratory on
the coral sand under various conditions, revealing that particle breakage due to loading
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increases the porosity of coral sand. Under cyclic compression, even at loads lower than
the static strength, the coral sand still exhibits significant cumulative deformation. The
residual deformation depends on the mean stress applied to the sample (chamber
pressure) and the cyclic stress under limiting conditions. Y. Haizhen et al. [8] discussed
the influence of dynamic stress, confining pressure, consolidation stress ratio, relative
density, gradation, and vibration frequency on the dynamic properties of coral through a
large number of dynamic triaxial tests. L. Jianguo [9-10], by experimental studies on the
dynamic characteristics of saturated coral sand under wave loading, provided a
preliminary comparison with the dynamic properties of silica sand. The results indicated
that under wave loading, the dynamic strength of both saturated coral sand and silica
sand follows a similar variation pattern with the orientation angle of the initial principal
stress, and their dynamic strength decreases as the orientation angle of the initial
principal stress increases. Coop et al. [11] and Donohue et al. [12] investigated particle
breakage in the coral sand and found that the extent of breakage increases with the
duration of cyclic loading.
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Fig. 1. Dynamic load acting on breakwater.

Research on granular materials under dynamic loading within Vietnam is still
limited. Recently, H. N. Nguyen [13] investigated the liquefaction potential of Muong
Phang sand from Dien Bien under undrained cyclic loading. D. Nguyen et al. [14]
studied the dynamic parameters of sand-rubber mixtures with varying proportions
through dynamic triaxial testing. Publications specifically addressing the dynamic
characteristics of coral sand in Vietnam are particularly scarce, with most studies
focusing on its static properties [15-16]. Therefore, in this study, the authors employ a
dynamic triaxial apparatus from Controls to examine the dynamic behavior of the
saturated coral sand in a dense state under varying confining pressures. Additionally, the
authors include a static triaxial test using a consolidated undrained procedure to
compare the dynamic and static responses of the coral sand.
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2. Determination of dynamic parameters of the saturated coral sand in
a dense compacted state by experimental test
2.1. Experimental materials

The coral sand used in this research was sourced from islands in Vietnam sea. The
coral sand samples were collected from embankment fill using an open excavation
method. For clarity, images illustrating the extraction process of the coral sand are
provided in Fig. 2. Although the sampling area lies within the tidal fluctuation zone,
experimental results indicate that the embankment fill achieved a dense state due to the
compaction effects of construction machinery operating on the islands.
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Fig. 2. Progress of using the open excavation method to take coral sand samples
and evaluate the compactness.
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Fig. 3. Grain size distribution curves of coral sand.
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The particle-size distribution curves for these coral sands are shown in Fig. 3 and
the physical properties of the studied materials are shown in Table 1. The particle-size
distribution curve reveals a coefficient of uniformity (C,) of 6.31 and a coefficient of
curvature (Cc) of 1.11.

Table 1. Physical properties of coral sand

Soil Properties Value
Specific gravity, Gs 2.671
Maximum void ratio, emax 0.927
Minimum void ratio, emin 0.600
Coefficient of uniformity, Cy 6.31
Coefficient of curvature, C. 1.11

2.2. Overview of the experimental procedure

In this study, we prepared three cylindrical test specimens, with a specimen
diameter of D = 70 mm and a specimen height of H = 140 mm, and achieved a relative
density of Dy = 70%. In order to control the uniformity of material density in the
samples, the coral sand was divided into 4 layers and they were compacted layer by
layer during each sample preparation. Each layer was compacted wet, ensuring that the
thickness of each compacted layer was a multiple of H/4 = 35 mm. The sample was
subjected to CO> flushing for 30 minutes (Fig. 5). CO2 gas, having a higher density than
the air within the sample, displaces the trapped air, thus removing it from the specimen.
After the CO; flushing, the pore spaces were nearly completely filled with CO3, and
then de-aerated water was passed through the specimen. The water dissolved the COg,
leaving the pores entirely filled with water. The main experimental procedure followed
these stages:

Saturation stage: The sample was saturated by adjusting the chamber pressure and
back pressure. The saturation process was deemed complete when the saturation
coefficient B > 0.95.

Consolidation stage: The chamber pressure and back pressure were adjusted to
achieve the desired effective confining pressures (o, = 100; 200; 300 kPa).

Consolidation was considered complete once the excess pore water pressure had
dissipated to match the back pressure.
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- Dynamic loading stage: Dynamic loading was applied according to ASTM
D3999 [17]. A sinusoidal load was applied on the top of the specimen at a frequency of
f = 0.1 Hz, with the cyclic stress ratio (CSR) varying from 0.1 to 0.3.

Fig. 4. Sample after preparation. Fig. 5. Perform CO: aeration into the sample.

Figure 6 presents the stress-strain characteristics of the soil under cyclic axial
loading. The shear modulus G and damping ratio D were automatically calculated and
recorded according to ASTM D3999 [17], as follows:

- Dynamic shear strain in the sample:

Esp
=2 .100% 1
Vs 1+v ° @)

where y., is dynamic shear strain, ‘S‘SA:% is single amplitude axial strain,

Epp = % is double amplitude axial strain, v is Poisson's ratio, Sy, is double amplitude
S

displacement (mm), L is the height of the sample after consolidation (mm).
- The dynamic modulus of elasticity is calculated as follows:
E-— Loa Ls (2
Spa A

where Lpa is double amplitude load, A is cross-section area of the sample.
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- The dynamic shear modulus of a specimen is determined as follows:

G= E
2(1+0v)

@)

The damping ratio is a critical dynamic parameter of soil that represents the
hysteretic behavior of the stress-strain relationship under cyclic loading. It also reflects
energy dissipation. The damping ratio D can be determined using the following formula:

D=—A  100% (4)
4z - A

in which Ay is an area within the hysteresis loop (KN.m), At = 0.5-L-S.

Fig. 6. Graph for determining the dynamic shear modulus and damping ratio of coral sand.

2.3. Results of dynamic triaxial testing and discussion

The results of the dynamic triaxial tests conducted on coral sand specimens under
various confining pressures are presented from Fig. 7 to Fig. 10. Observations from
these figures allow for the following conclusions:

In the undrained condition, under the influence of cyclic loading, the shear strain
increases, and the excess pore water pressure also rises (Fig. 7). The increase in excess
pore water pressure reduces the shear strength of coral sand (as pore pressure increases,
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effective stress decreases) and consequently reduces stiffness (Fig. 8 and 9). As stiffness
decreases, the coral sand specimen becomes softer, leading to an increase in the
damping ratio (Fig. 10).

- The moment at which the specimens reach failure corresponds with the peak
excess pore water pressure and damping ratio, as well as the stiffness decreasing to zero.

- A higher confining pressure results in greater pore pressure, an increased
dynamic modulus of elasticity (or dynamic shear modulus), and a lower damping ratio.

- When the shear strain is less than 0.1%, the damping ratio exhibits minimal
variation. At a confining pressure of o; = 100 kPa, D = (4-8)%; at o3 = 150 kPa,
D = (4-6)%; and at o3 = 200 kPa, D = (2-3)%.

- A comparison of the dynamic parameters of silica sand [14] and coral sand
reveals that, for similar conditions, coral sand possesses a greater stiffness (shear
modulus) than silica sand, while the damping ratio of coral sand is lower than that of
silica sand. Within the range of shear strains less than 0.1%, the damping ratio changes
linearly with the increase in shear strain, whereas for coral sand, the damping ratio
varies very little.
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Fig. 7. Correlation between shear strain and changes in pore water pressure
under different confining pressures.
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Fig. 8. Correlation between shear strain and elastic modulus
under different confining pressures.
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Fig. 9. Correlation between shear strain and shear modulus
under different confining pressures.
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Fig. 10. Correlation between shear strain and damping ratio
under different confining pressures.
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3. Experimental study to determine the static elastic modulus of dense
coral sand

Some authors, when modeling the interaction between structures and soil
subjected to seismic loading [18], still utilize soil parameters derived from conventional
static tests (such as unconfined compression, consolidation, and static triaxial tests).
However, research by Xiaolan Liu and colleagues [19] indicated that the dynamic
elastic modulus is 1.8 to 2.3 times greater than the static elastic modulus under similar
conditions (moisture, density, and confining pressure). Therefore, in this study, the
authors conduct additional static triaxial tests to investigate the behavior of the coral
sand under static loading and to compare the values of the modulus of elasticity of coral
sand under both dynamic and static loads. For this test, we used a cylindrical sample of
the same size as the dynamic tests, i.e., the sample diameter is 70mm and the sample
height is 140mm.

The procedure for conducting static triaxial tests on the coral sand samples
follows a similar approach to that of dynamic triaxial tests (with a sample density of
Dr = 70% and confining pressure o3 = 100 kPa). After the sample completes the
isotropic consolidation process, static loading is applied. The results of the experiments
are presented in Fig. 11. It can be observed that the curve depicting the relationship
between axial strain and stress deviation reaches a peak value at approximately 8.5%
strain, after which it tends to stabilize. This behavior indicates that the coral sand
sample adheres to the principles of the Hardening Soil (HS) or Hypoplastic models.
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Fig. 11. Correlation between axial strain and stress deviation during the static compression of
the sample under consolidated undrained (CU) conditions (confining pressure o3 = 100 kPa).

102



Journal of Science and Technique - ISSN 1859-0209

Based on the correlation between axial strain and stress deviation during the static
compression of the coral sand samples under consolidated undrained conditions, the
static elasticity modulus of the coral sand can be determined, Eo = 144.29 MPa.
Comparing the dynamic experimental results with the static ones shows the correlation
between the dynamic elastic modulus and the static elastic modulus. Specifically, in this
study the dynamic elasticity modulus of the coral sand is approximately 1.5 times
greater than the static elasticity modulus (210.5 MPa/144.29 MPa = 1.459).

4. Conclusion

In this study, the authors conducted dynamic triaxial tests on coral sand samples
collected from offshore islands in Vietnam. The samples were prepared in a dense state,
reflecting the current conditions of the engineered fill based on field assessments. The
research findings indicate:

Saturated coral sand samples subjected to cyclic loading under undrained conditions
exhibit an increase in pore water pressure and a decrease in dynamic shear modulus as
shear strain increases, while the damping ratio also increases.

When the shear strain is less than 0.1%, the damping ratio shows minimal variation.

The dynamic modulus of the Hong River [14] sand is lower than that of the coral
sand under the same conditions (confining pressure and relative density), whereas the
damping ratio of the Hong River sand is greater than that of the coral sand.

Within the range of shear strains less than 0.1%, the damping ratio of the Hong
River sand varies linearly with increasing shear strain, while the damping ratio of coral
sand shows little variation.

Within the number of samples in this study, the experimental results showed that
the dynamic elasticity modulus of the coral sand is approximately 1.5 times greater than
the static elasticity modulus.
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NGHIEN CUU PAC TRUNG BONG
CUA MAU CAT SAN HO BAO HOA O TRANG THAI CHAT

Pham Duc Tiép', Tran Nam Hung®, Nguyén Tuong Lai*
Wien Ky thudt cong trinh dac biét, Truong Pai hoc Ky thudt Lé Quy Pén

Tom tit: Cac cong trinh ¢ cac dao xa bd thudng xuyén chiu tac dung cua tai trong séng-
gi6, day 1a loai tai trong dong cd tinh chu ky. Do dé, can nghién ciru vé tng xir ciia cat san ho
duéi tac dong cua tai trong dong chu ky dé danh gia kha ning chiu luc cua cac cong trinh.
Nghién ctu nay tién hanh xac dinh cac tham sé dong cua cat san hd & trang thai chat bang thiét
bi thi nghiém 3 truc dong Controls dudi diéu kién bién dang I6n va ap luc budng khac nhau. Céc
tham sb dugc phan tich trong nghién ciru nhur ap luc 16 rong du, ti s6 can, mé dun dan hdi va mo
dun truot dong. Dong thoi, dé danh gia moi twong quan gitra md dun dan hdi tinh va dong cua
cat san hd, cé4c tac gia da tién hanh bd sung thi nghiém 3 truc tinh theo so dd ¢ két - khdng
thoat nugc. Két qua cho thay ap luc nudc 16 rong ting va mo dun cit dong giam khi bién dang
cit tang, trong khi hé s6 giam chan ciing tang. Khi bién dang cit nho hon 0,1%, ti I¢ giam chan
thay doi khong nhiéu. M6 dun dan hoi dong cua cat san hd 16n hon mé dun dan héi tinh cia né
khoang 1,5 lan.

Tir khoa: ‘Cét san ho; ap luc 16 r6~ng dw; ti $6 cdn; mé dun dan hoi dong; mé dun truot
dong; ap luc buong.
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