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Abstract

This article presents a methodology for creating large-scale engineering geological maps
(1:2000) for submerged coral islands in Vietnam’s maritime zones, in accordance with the
national standard TCVN 9156:2012. The primary objective is to provide a comprehensive
representation of key geological and environmental factors, particularly coral sediments
that influence land use planning, construction design, and implementation. As there are
currently no specific national standards for engineering geological mapping in coral-based
island areas, this study references various related standards and documents. It also
highlights significant issues that need to be addressed when conducting large-scale
engineering geological mapping in submerged coral environments.

The results demonstrate that large-scale engineering geological mapping is of considerable
scientific and practical value for construction planning, resource management, and natural
disaster mitigation. The article also recommends further research to enhance mapping
accuracy and the development of appropriate technical standards. Future directions
emphasize the integration of modern technologies, such as GIS-based digital mapping, 3D
geological modeling, and virtual reality (VR) applications, to simulate geological
conditions and assess geohazards in marine island environments. These advancements aim
to address challenges posed by climate change and promote sustainable development.

Keywords: Large-scale engineering geological maps; coral rock; submerged island; coral
sedimentary rock.

1. Introduction

The Engineering Geological Map (EGM) is a thematic map that illustrates the
engineering geological conditions of a specific territory or study area. It is used to
support territorial economic planning, infrastructure design, and the implementation of
engineering solutions. According to current regulations, large-scale EGMs are defined
at scales ranging from 1:5000 to 1:1000 [1].

In Vietnam, no large-scale EGM has yet been developed for coral island regions,
and there are no specific national standards for engineering geological surveying and
mapping under the unique conditions of coral-based foundations. To address this gap,
this study adopts the national standard TCVN 9156:2012 — Hydraulic Structures:
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Method for Large-Scale Engineering Geological Mapping (1:5000 to 1:1000) as a
reference framework to develop an EGM at a scale of 1:2000 for a submerged coral
island area. The study also discusses several technical and practical challenges
encountered during the implementation.

The initial development of an EGM for submerged coral islands is of significant
practical importance. It helps identify the geotechnical characteristics of the coral-based
substrate and supplements existing datasets on the geological conditions of coral
environments. This information is essential for planning and designing specialized
hydraulic structures. Furthermore, the EGM contributes to geological risk assessment
and management, evaluation of groundwater and hydrogeological resources, and
provides a scientific basis for the rational exploitation and environmental protection of
coastal and island zones.

2. Technical requirements and mapping procedures for engineering
geological maps according to TCVN 9156:2012

The EGM is compiled based on the correction and systematization of empirical
data collected through field mapping, investigation, laboratory testing, and long-term
monitoring. It is also integrated with various base maps such as geological,
geomorphological, and hydrogeological maps. Together with its accompanying
explanatory report, the EGM serves as a comprehensive document that synthesizes the
results of engineering geological surveys. The EGM must be accompanied by a
summary table of the standard values of physical and mechanical properties of different
soil and rock types, engineering geological cross-sections, a map legend, and a system
of conventional symbols [2].

2.1. Technical requirements

The engineering geological mapping was carried out before the implementation of
drilling investigations and laboratory and in-situ testing within the study area [1].
However, since no medium-scale maps had been previously created for the project site,
a larger scope of work was necessary. In addition to field surveys and direct
observations, the research team gathered supplementary data from past construction and
scientific projects, including records from borehole and field testing.

The large-scale engineering geological mapping relied on field observations of
stratigraphy, topography, geomorphology, and hydrogeological conditions [1]. Given
the unique characteristics of the study area, which is a submerged coral island, the
mapping activities were primarily conducted during low tide to allow access to exposed
reef flats. In deeper water areas, direct observation was more challenging; therefore, the
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extent of mapping was defined based on the influence of sea level variations, which are
directly relevant to construction and exploitation activities on the submerged island.
This presents one of the distinctive technical challenges in carrying out engineering
geological mapping in such environments.

The permeability of coral soil and rock is closely related to tidal fluctuations and
the porosity characteristics of the coral foundation. In submerged island areas, it is also
necessary to consider oceanographic factors such as tidal levels, tidal range, nearshore
currents, and barometric variations in the geotechnical analysis. The determination and
calibration of permeability parameters should be performed in coordination with
hydrographic survey data to ensure the accuracy and consistency of the results.

The topographic base map used for this study had a scale of 1:2000. The mapped
area covered approximately 100 hectares, which is larger than the direct footprint of the
planned hydraulic structures. This extensive mapping was done to clarify general
geological conditions, anticipate potential alignment adjustments, and assess
engineering geological dynamics in the broader area, including weathering,
karstification, and erosion phenomena.

The standards for large-scale engineering geological mapping depend on the
mapping scale, the complexity of engineering geological conditions, and the quality of
outcrops at observation points, as detailed in Tabs. A.1 and A.2 of Appendix A in
TCVN 9156:2012 [1]. In this case, the engineering geological conditions were classified
as ranging from simple to moderately complex (levels 05-06), and the quality of the
outcrops was considered moderate. Therefore, for a mapping scale of 1:2000 in the
submerged island area, the required density of observation points ranges from
200 to 350 points per square kilometer, with a borehole density of 37 to 64 holes per
square kilometer.

The required investigation depth is determined based on the zone of engineering
geological influence corresponding to the type of planned hydraulic structures, such as
breakwaters, docking basins, or dredged reservoirs. Accordingly, boreholes were
designed with depths ranging from 10 to 60 meters. Observation points were
geodetically positioned using a Garmin GPSMAP 78s device (Fig. 1). Given that the
minimum borehole depth was 10 meters, and according to the standards, each 10-meter
segment of the borehole is considered equivalent to one observation point [1].

The scope and methodological approach of large-scale engineering geological
mapping are determined by the chosen mapping scale. At a scale of 1:2000, the primary
classification unit is the engineering geological type, which is defined based on the
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lithological homogeneity and consistent physical characteristics of each rock or soil
type. This classification is established through systematic investigations of the physical
and mechanical properties of soil and rock materials. The mapping process is typically
divided into two seasons: fieldwork is conducted during the dry season, while data
processing, map drafting, and interpretation occur during the rainy season [1]. However,
due to the coastal and insular nature of the study area, specific hydro-meteorological
conditions must be considered. These include tidal fluctuations, marine currents, wave
dynamics, and weather variability.
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Fig. 1. Handheld GPS positioning device.

To ensure data reliability and survey safety, fieldwork should be scheduled during
periods of favorable marine conditions. Furthermore, it is essential to maximize low-
tide periods to enhance access to exposed geological outcrops, which are otherwise
submerged. This strategy not only improves observational accuracy but also supports
more comprehensive and reliable engineering geological interpretations in submerged
coral island environments.

2.2. Implementation of engineering geological mapping

After completing the project outline and cost estimation, the preparatory phase
began with a field survey. Coral rock is a unique type of sedimentary formation that
results from the lithification of coral remains due to changing environmental conditions.
This rock type has distinct physical, mechanical, and lithological characteristics
compared to common continental rocks, and it is not currently addressed by existing
construction standards.

The fieldwork started with a review and synthesis of geological survey data
previously collected from scientific and infrastructure development projects in the
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region [3]. The objective was to clarify the stratigraphy, lithological structure, mineral
composition, and textural features of coral rocks within the study area. Based on these
findings, the orientation of coral formations was analyzed, and coral rocks were
classified into major groups by depth: coral sand layer, branching coral layer, coral
rubble layer, and massive coral rock layer.

In terms of topographic characteristics, the mapping area is situated in a submerged
island environment, classified as semi-submerged. During high tide, the entire area is
inundated, while portions of the reef emerge above water during low tide. The topography
is directly influenced by oceanographic conditions, such as tides, wave action, and
erosional processes, leading to seasonal surface variations. However, the overall
morphology is primarily shaped by erosional dynamics - mixed sediment deposition.

The geomorphological features of the coral island in this mapping area resemble
isolated reef islands with atoll-like structures that barely rise above sea level (Fig. 2).
This area is part of a larger coral reef system extending in a northeast-southwest
direction, characterized by considerable length. In the central portion of the reef, a total
of 201 coral species have been identified [4].
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Fig. 2. Engineering geological mapping area.
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Due to the unique topographic conditions, field surveys were conducted using
specialized boats. The survey schedules were carefully coordinated with weather and
tidal conditions to ensure both efficiency and safety. Key observation points were
chosen during low tide, when the terrain's surface features were more clearly visible.
The large-scale engineering geological mapping in the study area was carried out along
nine survey transects, with a total of 256 observation points documented. Additionally,
lithological samples were collected in the field for laboratory testing (Fig. 3).

In the study of the geological characteristics and physical-mechanical properties
of coral rock, methodologies typically used for limestone and dolomite terrains were
employed. In the area under investigation, the coral materials are primarily composed of
aragonite crystals. Throughout the diagenetic process, these aragonite crystals are
transformed into calcite, which results in the formation of massive coral limestone with
porosity ranging from 10% to 40% [4].

During the mapping process, it is crucial to take into account the sedimentary
layers of coral origin. This involves focusing on bedding characteristics, lithological
composition, degree of weathering, and specific physical-mechanical properties. From a
structural geology perspective, factors such as jointing, fracturing, and dynamic
geotechnical phenomena were analyzed using previous scientific reports, dissertations,
and related research projects, in conjunction with field observations and descriptions.
Sampling was conducted both at the surface and within boreholes for subsequent
laboratory testing, along with in-situ field experiments (Figs. 4, 5). In terms of
hydrogeology, the groundwater in the submerged island area comprises two aquifer
systems: a porous aquifer within unconsolidated sediments, including sand, gravel,
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branches, cobbles, and coral fragments, and a fracture-cavity (karst) aquifer within
limestone-coral rock.

These two aquifers are hydraulically interconnected with each other and with
seawater, exhibiting tidal fluctuations. Consequently, they share a common water level
and do not require separate representation. Nevertheless, it is necessary to provide
hydrogeological parameters such as hydraulic conductivity (K), specific discharge (q),
or pumping rate (Q) corresponding to drawdown (S). Additionally, information on
chemical composition and an assessment of groundwater corrosivity should be included.
Due to technical, weather, and temporal constraints, these measurements have not yet
been conducted. This limitation is also highlighted as a recommendation for future
studies to improve the completeness of hydrogeological data for engineering geological
investigations in the study area.

Fig. 4. The layout of the borehole survey conducted
within the submerged island study area.

The results of large-scale engineering geological mapping, following data
revision, include the creation of two types of maps: the engineering geological data map
and the engineering geological map.
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Fig. 5. In-situ drilling for engineering geological investigation.

The engineering geological data map provides a comprehensive and accurate
depiction of all fieldwork conducted within the mapped area. This map serves as the
primary source of data. The engineering geological map must include geological cross-
sections, which can be presented separately from the map itself.

The large-scale (1:2000) engineering geological map is developed based on field
survey results, including traverses, boreholes, laboratory tests, in-situ tests of physical
and mechanical properties, petrographic analyses, marine water sample testing, and
other specialized investigations related to geology, geomorphology, hydrogeology, and
natural construction material resources. It also incorporates previously collected
regional data [1]. The details of these findings are presented in Section 5.

3. Content and methodology for the compilation of the 1:2000
engineering geological map

The compilation of large-scale (1:2000) engineering geological maps adheres to
the guiding principle of lithological origin, as rocks and soils are critical factors in
engineering geological investigations. The classification levels presented on the 1:2000
scale maps include lithological complexes, lithological types, and engineering
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geological types, all of which are mapped onto a topographic base map of the same
scale [1].

In terms of thematic classification, the engineering geological map created for the
submerged island area falls under the category of specialized engineering geological
maps. These maps are specifically designed to support construction design for various
types of hydraulic structures and contribute to territorial economic development
planning as well as geological environmental protection. As a result, elements related to
engineering geological conditions that are not directly associated with construction,
such as hydrogeology and tectonics, are either omitted or simplified. Conversely, key
elements that directly pertain to the design and construction of hydraulic structures such
as buildings, revetments, locks, and dredging works are presented in great detail. These
crucial elements include: stratigraphy, physical and mechanical properties of coral rocks
and soils, topography and geomorphology of the surveyed area, natural mineral
construction materials, and certain geodynamic phenomena [2].

According to the level of detail and intended use, I. V. Popov proposed a
classification system for engineering geological maps that is considered more suitable
for Vietnam's territorial conditions than those suggested by other authors. Based on this
system, the 1:2000 scale engineering geological map is categorized as a detailed
engineering geological map, typically compiled for small areas and founded on data
obtained from site investigations, laboratory testing, and field monitoring, all of which
support technical design and construction drawings [2].

The engineering geological map must present elements such as coral reef
geological structures, geomorphology, hydrology, geodynamic processes and
phenomena, and natural mineral construction materials. Additionally, the map includes
symbols indicating the positions of boreholes, sampling locations, and field tests [1].

The methodology for representing engineering geological conditions involves the
use of symbols for lithological complexes, lithological types, and engineering
geological types. Each lithological complex is assigned a representative color based on
its origin, in accordance with geological mapping conventions. For marine-origin soils
and rocks in the surveyed area, blue tones are used in combination with the letter "m".
Since standard lithological symbols for coral rocks are not specified in existing
regulations, they are represented by particle size symbols (e.g., sand, gravel, coral
fragments) based on the composition of core samples. The symbols for engineering
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geological types indicate the physical and mechanical properties and conditions of coral
rocks and soils, following Appendix C of the national standard TCVN 9156:2012 [1].

4. Results of the 1:2000 scale engineering geological mapping on a
submerged coral island

4.1. Scope of work performed

The engineering geological map was created through a thorough analysis of data
on engineering geological conditions obtained from surveys conducted on the
submerged coral island. These surveys included engineering geological mapping,
geological and topographic drilling investigations, field and laboratory testing, as well
as data collected from previous projects and research studies. The results of this
mapping consist of actual data drawings, a 1:2000 scale engineering geological map
covering an area of 100 hectares, and an explanatory report accompanying the
engineering geological map.

The collected data includes a total of 16 boreholes with a combined depth of 110
meters, 45 soil and rock samples, and 5 water samples. Standard Penetration Tests (SPT)
were conducted 23 times. For the mapping, direct drilling data consisted of 25 boreholes,
including 2 boreholes with depths of 60 meters, totaling 440 meters in depth; 219 soil and
rock samples for laboratory testing; 10 water samples; and 150 field SPT tests.

The survey routes included 9 traverses with 256 measurement points, all represented
on the actual data map, covering the mapped area of 100 hectares. Additionally, samples for
petrographic composition and age dating were collected (Fig. 6).

4.2, Evaluation of engineering geological conditions in the submerged coral island region
4.2.1. Topography and geomorphology

The submerged island chosen for this study extends approximately 31.5
kilometers in length and 5.6 kilometers in width (Fig. 7), following a northeast-
southwest axis. The surrounding coral reef rim is relatively high, continuous, and
enclosed, with the average elevation of the coral platform ranging from +0.3 to +0.6
meters above the tidal datum (Nautical chart). During low tide, the coral platform
emerges, exposing an area that is about 600 to 800 meters wide. The central part of the
reef features a natural lagoon that is approximately 2.6 kilometers wide and 8 kilometers
long, with the lagoon floor elevation varying between -4 meters and -16 meters relative
to the tidal datum.
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Fig. 7. Diagram of the coral reef in the study area and the scope of the geological engineering
mapping (This figure is adapted from the doctoral dissertation by T. D. Hoa, 2003 [4]).

According to data collected by T. D. Hoa and presented in his doctoral dissertation,
the morphological structure of the reef consists of several components: bays, reef flat, reef
crest, and reef slope. There are two sequential bays along the length of the reef. The main
bay, located on the eastern side, is approximately 8 kilometers long, 2.5 kilometers wide,
and has a depth of 20 meters. In contrast, the smaller bay on the western side measures
about 2 kilometers in length, 700 meters in width, and has a depth ranging from 5 to 7
meters. The floors of both bays are relatively flat and covered with a sediment layer
composed of white biogenic sand mixed with coral rubble and calcareous mud. The reef
flat is gently sloping and shallow; during low tide, the reef surface becomes exposed,
forming a rim that encloses the two bays. The area covered by engineering geological
mapping includes this reef flat, which spans 100 hectares. It is primarily composed of
strongly cemented coral rock that withstands the effects of waves and currents. The part
of the reef facing the bays is mainly covered with reef detrital sediment, such as sand and
coral gravel. Additionally, the reef crest is segmented by channels and features many
caves and cavities. The reef slopes are quite steep, extending down to depths of up to 20
meters, with gradients ranging between 40° and 60° [4].

4.2.2. Stratigraphy and physical-mechanical properties
a) Lithological composition

Coral primarily consists of the mineral aragonite. The aragonite crystals in coral
skeletons typically have a fibrous, radiating, feather-like structure, forming fibrous
bundles and plate-like shapes (Tab. 1).
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The lithological characteristics and diagenetic processes mentioned above
determine the geotechnical properties of the coral rock foundation. The composition,
texture, structure, and physical-mechanical parameters change in a way that enhances
rock durability with depth in each sequence while exhibiting complex variations laterally.
b) Stratigraphy and physical-mechanical properties

Based on the analysis of 41 borehole cores (Fig. 8) and the results of the Standard
Penetration Test (SPT) conducted in the field, the stratigraphy within the surveyed reef
platform area is divided into four layers.

The characteristics of these soil layers are described in order from top to bottom
as follows:

Layer 1 - Loose coral gravelly sand with small coral branches

This layer appears at the surface but is unevenly distributed. It consists of medium
to coarse-grained coral gravelly sand, milky white, with a loose structure. The thickness
ranges from 5.0 to 7.0 meters; SPT blow count (N): 7 to 9.

Average physical-mechanical properties: Density y = 2.65 g/cm3; dry angle of
repose ax = 33°55’; wet angle of repose aw = 25°32°; maximum void ratio
emax = 1.068; minimum void ratio emin = 0.683; maximum dry density
ymax = 1.575 g/cm?; minimum dry density ymin = 1.283 g/cm?; conventional design
pressure Ro = 1.0 kG/cm2; total deformation modulus Eo, = 50.0 kG/cm?.

Fig. 8. Drilling survey method using a jack-up rig.
Layer 2 - Moderately dense coral gravelly sand with small coral branches
The boundary between Layer 1 and Layer 2 is not well-defined. This layer has a
similar composition of medium to coarse-grained coral gravelly sand, milky white, but

in a moderately dense state. The thickness ranges from 4.5 to 8.0 meters; SPT blow
count (N30): 17 to 24.
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Tab. 1. Results of lithological analysis of coral rock samples

Sample ID MO02

Sample Sunken coral island
location

Rock name Coral limestone

Macroscopic

The rock is ivory white, fine-grained, and reacts strongly with 5% HCI. It

description contains numerous pores ranging in size from 0.3 mm to 3.5 mm, with an
uneven pore distribution. The structure of the rock is relatively solid, and
the average pore volume throughout the sample is approximately 25%.

Texture Replacement, uneven grain size

Structure Porous

Mineral Calcite: ~99%: Clay: 1%

composition

Detailed The coral limestone sample shows that the entire coral skeleton has

description undergone pseudomorphic replacement by a calcite aggregate with

un_der irregular grain sizes, leading to the obliteration of its original structure.

microscope

Scattered remnants of coral colonies’ walls and bases are still observable
but in indistinct forms. The carbonate mineral aggregate replacing the
coral structure has grain sizes ranging from microcrystalline (< 0.01 mm)
to fine-grained, small grains (< 0.2 mm). The composition includes calcite
and dolomite, which are interspersed. Calcite is predominant over
dolomite. It has irregular grain shapes, and fine-grained calcite clusters
often have clay-dust coatings that give them a faint brownish hue.
Dolomite typically ranges from 0.03 mm to 0.2 mm in size, mostly
occurring as incomplete rhombohedral grains, some of which are distorted
or equant, with relatively clean surfaces.

In fine-grained to small-grained carbonate clusters, distinguishing
between calcite and dolomite can be difficult. Therefore, additional
analytical methods are required for precise quantification. Under one
Nicol prism, both calcite and dolomite appear colorless with false
adsorption effects. Under two Nicol prisms, they exhibit high-order white
interference colors.

Average physical-mechanical properties: Density y = 2.65 g/cm3; dry angle of
repose ax = 33°12°; wet angle of repose aw = 25°38’; maximum void ratio
emax = 1.062; minimum void ratio emin = 0.688; maximum dry density ymax = 1.572 g/lcmg,

minimum dry density ymin =

1.283 g/cms3; conventional design pressure

Ro = 1.5 kG/cm?; total deformation modulus Eo, = 114.0 kG/cmz.
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Layer 3 - Coral blocks and fragments with coral gravelly sand and branches

This layer is encountered in most boreholes. Within the investigated depth range,
its thickness varies from 4.0 to 11.0 meters. Core samples retrieved consist of
cylindrical or crushed rock fragments (Fig. 9). The layer is primarily composed of coral
blocks (50-100 cm in size), mixed with coral gravelly sand, milky white in color, and
unevenly distributed across the boreholes. SPT blow count (N30): Minimum: 10,
maximum: 17, average: 13.

Fig. 9. Coral blocks and fragments in core samples and on the reef flat.

Summary of average physical-mechanical properties: Natural bulk density
y = 245 glcms3; specific gravity ys = 2.74 glcm3; dry compressive strength
Rda = 91.15 kG/cm?; saturated compressive strength Rs = 71.99 kG/cm?; softening
coefficient f = 0.79.

Layer 3a - Mixed coral gravel-sand with occasional coral branches

This layer consists of medium to fine-grained coral gravel-sand, milky white in
color, with a loose to moderately dense structure. It is unevenly distributed, sometimes
appearing as lenses within Layer 3. The layer thickness within the surveyed depth range
varies from 2.0 to 7.0 meters (Fig. 10).

Fig. 10. Mixed layer.

Summary of average physical-mechanical properties: Density y = 2.65 g/cm?; dry
angle of repose ax = 34°07°; wet angle of repose ow = 21°28’; maximum
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void ratio emax = 1.113; minimum void ratio emin = 0.688; maximum dry density
Ymax = 1.570 g/cm?; minimum dry density ymin = 1.260 g/cm3.

Layer 4 - Moderately to slightly weathered coral limestone

This layer is relatively stable in distribution and is only encountered in boreholes
deeper than 15.0 m. The top of the layer is found at a depth of approximately 12 m. The
thickness within the surveyed borehole depth range is 45 m. However, the degree of
rock fracturing varies with depth, with an RQD (Rock quality designation) of 11% to
43%, indicating highly fractured rock with uneven distribution. TCR (Total core
recovery): 27-43%. The layer is mainly composed of hard coral limestone, appearing in
shades of grayish-white to yellowish-gray, with numerous fractures.

Although the rock structure is relatively solid, it has a high porosity (10-20%), which
is filled with coral gravel, sand, and rock fragments. These components are cemented
together by a pisolitic (oolitic) cement, forming a massive and dense structure (Fig. 11).

Summary of average physical-mechanical properties: Rock porosity = 0.09%;
void ratio np = 0.1%; void ratio nt = 8.89; natural bulk density y = 2.54 g/cm?; specific
gravity ys = 2.78 g/cms3; dry compressive strength Rq = 165.47 kG/cm?; saturated
compressive strength Rs = 135.42 kG/cm?; softening coefficient f = 0.82.

Fig. 11. Coral rock mass in the layer 4.

4.2.3. Geodynamic phenomena in engineering

The primary engineering dynamic geological processes occurring in the marine
area of the Spratly Islands include: marine geological activity, weathering processes,
and coastal erosion.

The weathering processes in the Spratly Islands region are primarily influenced by
several factors, including temperature, water, air, chemical activity, and microbial
action. The islands are made up of coral detrital sediments with high porosity (30-50%),
resulting in considerable vertical permeability. The surrounding reef platforms are
constantly exposed to seawater, which intensifies the weathering processes throughout
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the region. Oxidation and hydrolysis significantly alter the coral sediments in terms of
color, shape, size, and composition, ultimately leading to a reduction in material
strength. The weathering crust reaches a thickness of approximately 5 to 6 meters from
the island surface and serves as a medium for the absorption and storage of rainwater on
the islands [4].

Coastal erosion occurs as wave action erodes the island margins, gradually
pushing the shoreline inland. This process causes landslides, the destruction of
materials, and the transportation of detrital sediments away from the islands. The wave
activity along the reef platform results in strong surface erosion and breaks down coral
frameworks, creating materials that are transported and deposited elsewhere on the
islands by currents. Additionally, underwater currents may induce subsurface erosion
and sand liquefaction. These dynamic geological phenomena significantly impact the
bearing capacity of foundation soils and the structural stability of engineering works [4].

4.2.4. Natural mineral construction materials

The use of natural mineral construction materials in coastal and island areas is
crucial, especially for reducing construction costs by utilizing locally available
resources. In this context, coral-based materials, which are abundantly found
in reef environments, have been studied as potential substitutes for conventional
concrete aggregates.

Recent research has explored the feasibility of using seawater instead of
freshwater, replacing natural river sand with coral sand, and using coral stone as a
partial substitute for conventional coarse aggregates in cement concrete.
Experimental mix designs incorporating these materials have been developed,
yielding slump values between 40 mm and 60 mm and compressive strengths
reaching up to 35 MPa. The concrete mixtures made with seawater and coral
aggregates have been assessed against conventional concrete in terms of workability
and strength performance.

Although these results are promising, further investigations are necessary to
evaluate the long-term mechanical behavior of coral-based concrete, particularly
beyond 180 days of curing. It is essential to carefully assess the durability, strength
development, and microstructural stability of coral aggregate concrete to ensure its
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reliability for structural applications. Additionally, research should extend to explore
the full replacement potential of conventional aggregates and freshwater with coral -
based aggregates and seawater in concrete mixtures designed for a target
compressive strength of 25 MPa or higher [5].

4.3. Engineering geological map

Based on the collected data, which includes borehole results for stratigraphic
profiling, laboratory test results of coral soil and rock samples, water sample
analyses, and outputs from field mapping compiled in the factual documentation
map, an engineering geological map has been created. This map synthesizes and
visualizes the subsurface conditions and engineering geological characteristics of the
surveyed area. The resulting interpretations of the engineering geology are presented
in Figs. 12-14.
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Fig. 12. Engineering geological map of the submerged coral island area.
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Fig. 13. Legend of the engineering geological map.
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Fig. 14. Engineering geological cross-section.

5. Conclusions, recommendations, and future research directions

5.1. Conclusion

The 1:2000 scale engineering geological map was created in strict accordance
with established regulations, ensuring it is based on sufficient data and possesses both
scientific and practical significance. This map effectively supports the design and
construction of projects in coral limestone soil-rock environments located on submerged
islands. Several key considerations must be taken into account when producing large-
scale engineering geological maps in marine island areas:

Technical standards: Currently, there is no dedicated standard specifically
applicable to the surveying and mapping of engineering geological maps in submerged
coral island regions. As a result, the surveying process follows TCVN 9156:2012 —
Hydraulic works — Methods for surveying and mapping large-scale engineering
geological maps (scale of 1:5000 to 1:1000).

Regarding preparatory work: the survey and mapping activities require thorough
preparation of equipment. For drilling, a self-elevating jack-up rig should be employed
to ensure stability and feasibility under offshore survey conditions. Materials needed
include bentonite suitable for use in seawater, waterproof sample containers, and
corrosion-resistant materials to maintain sample quality and equipment durability.
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Fieldwork execution: In addition to strictly adhering to technical survey
procedures, special attention must be paid to marine environmental factors such as
waves, tides, currents, rig towing, and potential karst phenomena during drilling. These
conditions may lead to issues such as stuck drill pipes and excessive drilling fluid
consumption. Furthermore, logistics must be managed effectively to ensure progress
and safety during field operations.

Key issues in large-scale engineering geological mapping:

1) Limited research materials: Research materials on submerged islands are very
limited. To create a large-scale map, medium- or small-scale base maps are needed,;
however, these are often unavailable in study areas, necessitating a significantly greater
volume of survey work.

2) Mapping scope challenges: Determining the scope of mapping is complicated
due to the submerged nature of the islands, with only partial exposure during low tides.
The mapping scope should integrate depth-related sea level data relevant to the
exploitation of submerged islands.

3) Underwater observation limitations: As the islands are submerged, observation
points are underwater, resulting in fewer visible outcrops compared to terrestrial
environments, with only portions exposed during low tide. Consequently, surveying
methods must differ from those used on land.

By addressing these considerations, the process of creating large-scale engineering
geological maps in submerged island environments can be significantly improved.
5.2. Recommendations and research directions

Continuing the execution of deep boreholes is crucial for gathering
comprehensive stratigraphic data with depth, enabling a thorough assessment of
engineering geological conditions. Additional laboratory tests using modern, specialized
equipment, as well as field tests, should be conducted to ensure the accuracy and
reliability of geotechnical parameters of coral limestone soils and rocks.

A detailed study of hydrogeological factors is required. Although the two
groundwater layers, the porous aquifer and the fracture—cavity (karst) aquifer, are
hydraulically connected with each other and with seawater, exhibiting tidal fluctuations,
they share a common water level and do not need to be represented separately.
Nevertheless, it is necessary to provide hydrogeological parameters such as hydraulic
conductivity (K), specific discharge (q), or pumping rate (Q) corresponding to
drawdown (S), as well as information on chemical composition and an assessment of
groundwater corrosivity.
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Engineering geological maps are vital for construction planning, natural
resource management, and disaster risk reduction. In light of the challenges posed by
climate change and the need for sustainable development, current research efforts
focus on improving the accuracy and digital updating of geological data through
advanced surveying and analytical technologies. These advancements include the
development of digital mapping, the integration of Geographic Information Systems
(GIS) with spatial databases to create interactive maps, and the exploration of
automated analysis for updating geological data. Moreover, the construction of 3D
engineering geological maps aims to enhance subsurface structural visualization, and
the development of seabed engineering geological maps will support marine
infrastructure design and construction.

These advancements are expected to improve project design and construction
efficiency, promote rational resource exploitation, and contribute to environmental
protection, especially in specialized areas such as submerged coral islands and coastal
regions with complex geological conditions.
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MOT SO VAN DPE VE XAY DUNG BAN PO DIA CHAT
CONG TRINH TI LE LON 1:2000 KHU VUC DAO SAN HO CHIM

Nguyén Quy Pat!, Dinh Quang Trung!
YWién Ky thudt céng trinh ddc biét, Truong Pai hoc Ky thudt Lé Quy Pén

Tém tit: Bai bao trinh bay phuwong phap xiy dung ban d6 dia chat cong trinh ti 1¢ 16n
(1:2000) cho cac dao san ho chim tai ving bién Viét Nam dya trén tiéu chuan TCVN
9156:2012. Muc tiéu nhiam phan anh ddy du cac yéu té moi truong dia chat dic thu (trdm tich
san ho) co anh huong dén quy hoach str dung dét, thiét ké va thi cong cong trinh. Trong bdi
canh chua c6 tiéu chuan qudc gia riéng cho khu vuc bién dao c6 nén san hd, nghién ctru da Iya
chon, 4p dung mot s6 tiéu chuén va tai liéu c6 lién quan dé tham khao, déng thoi chi ra cac van
dé chinh can luu ¥ trong qua trinh do v& ban d6 dja chat cong trinh ti 18 16n tai khu vuc nay.

Két qua nghién ciru cho thdy, viéc xay dung ban do dia chit cong trinh ti 16 16n c6 gia tri
khoa hoc va thuc tién trong quy hoach xdy dung, quan 1y tai nguyén va giam thiéu rui ro thién
tai. Bai bao dé xuit tiép tuc nang cao d chinh xac ciia cong tac khao sat va hoan thién hé théng
tiéu chuan ky thuat phii hop. Pinh hudng nghién ctru trong tuong lai tép trung vao ung dung
cong nghé hién dai nhu ban do sb tich hop GIS, ban do dia chat 3D két hop thuc té ao (VR) dé
moé phong diéu kién dia chit va hd tro danh gia rai ro, nhdm dap tng cac thach thire do bién doi
khi hdu va yéu cau phat trién bén ving.

Tir khéa: Ban do dia chat cong trinh ti I¢ lom; da san hé; dao chim; tram tich san ho.
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