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Embankment dams are constructed using soil, rock fill, or a combination of both. They are categorized as non-rigid dams, relying primarily on the shear strength of their materials to resist external forces. The stability and strength of these dams are derived from the shear resistance of the materials used in their construction. Types of Embankment
Dams: 1. Earth Dams: o Constructed primarily using compacted earth (soil). o  Suitable for sites with abundant natural soil. 2.  Rockfill Dams: o  Built using compacted rock fragments or boulders. o Often include an impermeable membrane (e.g., concrete, asphalt, or clay) on the upstream face to prevent seepage. 3. Composite Dams: o
Combine both earth-fill and rockfill materials. o Designed to optimize the use of available materials and site conditions. Types of Earth Dam . Homogenous Embankment type Zoned embankment type * Diaphragm type Homogeneous Earth-fill Dam: Description: Made of a single type of material, typically impermeable soil like clay
or silt, throughout the dam body. - Characteristics: Simple design and construction. Relies on the entire mass of the dam to resist seepage. Suitable for low to moderate heights. Limitations: Prone to seepage and requires careful control of water flow to prevent internal erosion (piping). Zoned Earth-fill Dam: Description: Composed of different
zones or sections, each with specific materials to optimize stability and seepage control. - Common Zones: Core: Impermeable material (e.g., clay) at the center to prevent seepage. Shells: Permeable materials (e.g., sand, gravel) on the upstream and downstream sides for stability and drainage. - Characteristics: More efficient than
homogeneous dams. Suitable for higher dams and sites with varying material availability. Diaphragm Earth-fill Dam: Description: Features a thin, impermeable barrier (diaphragm) made of materials like concrete, steel, or asphalt within the dam body to control seepage. - Characteristics: The rest of the dam is made of permeable materials. The
diaphragm acts as the primary water barrier. Suitable for sites with limited impermeable materials. - Types of Diaphragms: Concrete diaphragm. Steel diaphragm. Asphalt diaphragm. If the thickness of the diaphragm at any elevation is less than 10 meters or less than the height of the embankment above the corresponding elevation, the dam
embankment is considered to be of “Diaphragm Type”. But if the thickness equals or exceeds these limits, it is considered to be of zoned embankment type. Methods of Construction . Hydraulic-fill Method- Rolled-fill Method Hydraulic Fill Dam: A hydraulic fill dam is a type of earthen dam constructed by transporting and depositing soil
materials using water. This method involves mixing soil with water to form a slurry, which is then pumped or transported to the dam site. The slurry is deposited in the desired location, and the water is drained, leaving behind the settled soil to form the dam structure. Key Features: 1.  Construction Method: o  Soil is excavated and mixed with
water to create a slurry. o The slurry is transported through pipelines or channels to the dam site. o The slurry is deposited in layers, and the water is allowed to drain, leaving the soil to settle and compact naturally. 2. Material Composition: o Typically uses fine-grained soils like silt or clay, which can easily form a slurry. o Coarser materials
may settle faster, while finer materials take longer to consolidate. 3. Compaction: o Unlike rolled earth-fill dams, hydraulic fill dams rely on natural settling and drainage for compaction. o This results in a looser structure with lower density and shear strength compared to mechanically compacted dams. Advantages: 1.  Efficient Material
Transport: o Slurry can be easily transported over long distances using pipelines. 2. Reduced Labor: o Less manual effort is required compared to traditional earthfill methods. 3.  Suitable for Certain Sites: o Useful in areas where mechanical compaction is difficult or impractical. Disadvantages: 1. Lower Strength and Stability: o Natural
settling results in lower density and shear strength, making the dam less stable. 2.  Prone to Seepage and Piping: o The looser structure increases the risk of internal erosion (piping) and seepage. 3. Longer Construction Time: o Requires significant time for the slurry to settle and drain. 4. Limited to Specific Materials: o Works best with
fine-grained soils, limiting its applicability. Applications: Historically used for smaller dams or in remote areas where traditional construction methods were challenging. Rarely used today due to advancements in rolled earth-fill techniques, which offer better stability and control. Rolled Fill Dam: A rolled fill dam is a type of earthen dam constructed
by compacting successive layers (lifts) of soil or earth material using heavy machinery, such as rollers. This method ensures high density and strength, making it one of the most common and reliable techniques for building earthen dams. Key Features: 1.  Construction Method: o  Soil or earth material is spread in thin layers (typically 15-30 cm
thick). o Each layer is compacted using rollers, vibratory compactors, or other heavy equipment to achieve the desired density. o The process is repeated layer by layer until the dam reaches its full height. 2.  Material Composition: o A wide range of materials can be used, including clay, silt, sand, gravel, and rock fill. o Materials are selected
based on availability and engineering properties (e.g., impermeability, shear strength). 3. Compaction: o Mechanical compaction ensures high density, strength, and stability. o The degree of compaction is carefully controlled to meet design specifications. Advantages: 1. High Strength and Stability: o Proper compaction results in a dense,
stable structure capable of resisting external forces. 2.  Controlled Construction: o Each layer is carefully placed and compacted, allowing for quality control. 3. Versatility: o Can be used to construct both homogeneous and zoned dams. 4. Durability: o Provides long-term performance with minimal maintenance. Disadvantages: 1. Labor
and Equipment Intensive: o Requires heavy machinery and skilled labor for compaction. 2. Time-Consuming: o Layer-by-layer construction can be slower compared to other methods. 3. Material Requirements: o Requires suitable materials with the right gradation and moisture content for effective compaction. Applications: Widely used for
constructing modern earthen dams of all sizes. Suitable for water storage, flood control, and hydroelectric projects. Can be adapted to various site conditions and material availability. Causes of Failure of Earthen Dam - Hydraulic failures- Seepage failures- Structural failure Hydraulic Failure in Dams: Hydraulic failure refers to the
failure of a dam caused by the uncontrolled action of water, which can lead to structural damage or complete collapse. This type of failure is often associated with the following causes: 1. Overtopping: Description: Overtopping occurs when water flows over the crest of the dam, exceeding its design capacity. Causes: Inadequate spillway capacity to
handle floodwaters. Extreme rainfall or flood events beyond design limits. Blockage of spillways or outlet structures. Effects: Rapid erosion of the downstream face. Potential breach and catastrophic failure of the dam. Prevention: Design spillways to handle maximum probable floods. Regular maintenance to ensure spillways are clear and functional.
Use of erosion-resistant materials on the downstream slope. 2. Erosion of Upstream Face: Description: Erosion of the upstream face occurs when water action wears away the material on the reservoir side of the dam. Causes: Wave action from the reservoir. Lack of protective covering (e.g., riprap or concrete) on the upstream face. Effects: Loss of
material weakens the dam structure. Can lead to sloughing or sliding of the upstream slope. Prevention: Use of riprap (stone armor) or concrete slabs to protect the upstream face. Regular inspection and repair of damaged areas. 3. Erosion of Downstream Face: Description: Erosion of the downstream face occurs when water flows over or through
the dam, washing away material on the downstream side. Causes: Overtopping or seepage through the dam. Poor compaction or inadequate slope protection. Effects: Loss of material weakens the dam. Can lead to progressive failure if not addressed. Prevention: Proper compaction during construction. Use of vegetation, riprap, or other protective
measures on the downstream slope. Installation of drainage systems to control seepage. 4. Erosion of the Toe of the Dam: Description: The toe of the dam (the base of the downstream slope) can erode due to water flow or seepage. Causes: Concentrated seepage or piping at the toe. Overflow or spillway discharge hitting the toe area. Effects:
Undermining of the dam's foundation. Loss of support for the downstream slope, leading to potential sliding or collapse. Prevention: Proper design of drainage systems to control seepage. Use of riprap or concrete aprons to protect the toe. Regular inspection and maintenance of the toe area. Seepage Failure: Seepage failure occurs when water
infiltrates through the embankment body or foundation of a dam, leading to uncontrolled movement of water. If not properly managed, seepage can cause significant damage and even catastrophic failure. Below is a detailed discussion of the key issues related to seepage failure: 1. Piping (Internal Erosion): Description: Piping occurs when seepage
water erodes soil particles within the dam or its foundation, creating channels or tunnels. Causes: High seepage velocity or pressure. Poorly graded or cohesionless soils. Cracks, voids, or discontinuities in the dam or foundation. Effects: Formation of erosion pathways weakens the dam structure. Can lead to sudden collapse if piping progresses
unchecked. Prevention: Use of well-graded filters to prevent particle migration. Proper design of drainage systems to control seepage. Regular monitoring for signs of internal erosion. 2. Uplift: Description: Uplift occurs when seepage water creates upward pressure beneath the dam or within its foundation, reducing the effective weight and stability
of the structure. Causes: High water pressure in the foundation or embankment. Inadequate drainage or cut-off measures. Effects: Reduces the dam's resistance to sliding or overturning. Can lead to foundation failure or structural displacement. Prevention: Installation of relief wells or drainage blankets. Use of cut-off walls or grout curtains to reduce
seepage pressure. Proper foundation treatment during construction. 3. Sloughing: Description: Sloughing refers to the sliding or crumbling of the downstream face due to saturation and loss of soil strength caused by seepage. Causes: Prolonged seepage saturating the downstream slope. Poor compaction or steep slopes. Effects: Loss of material from
the downstream face. Can progress to larger failures if not addressed. Prevention: Proper drainage to control seepage. Use of flatter slopes and well-compacted materials. Regular inspection and repair of saturated areas. 4. Conduit Leakage: Description: Conduit leakage occurs when water seeps through or around conduits (e.g., pipes, spillways)
embedded in the dam. Causes: Poor construction or sealing around conduits. Cracks or deterioration of conduit materials. Effects: Increased seepage and erosion around the conduit. Potential for piping or structural failure. Prevention: Proper design and installation of conduits. Use of watertight seals and durable materials. Regular inspection and
maintenance of conduits. Structural Failure: Structural failures in earth dams occur when the dam or its foundation cannot withstand the forces acting upon it, leading to instability or collapse. These failures are often related to shear failures, which cause sliding or displacement of the embankment or foundation. Below is a detailed discussion of the
types of structural failures in earth dams: 1. Slides in Embankments: Description: Slides occur when a portion of the embankment loses stability and slides along a failure plane. Causes: Steep slopes or inadequate compaction. Saturation of embankment materials due to seepage. Poor material quality or improper construction. Effects: Displacement or
collapse of the embankment. Potential breach of the dam. Prevention: Use of flatter slopes and well-compacted materials. Proper drainage to control seepage. Regular monitoring and maintenance. 2. Foundation Slides: Description: Foundation slides occur when the underlying soil or rock beneath the dam fails, causing the dam to slide or tilt. Causes:
Weak or unstable foundation materials. High pore water pressure in the foundation. Inadequate foundation preparation or treatment. Effects: Displacement or tilting of the dam. Potential catastrophic failure. Prevention: Thorough site investigation and foundation treatment. Use of cut-off walls or grout curtains to stabilize the foundation. Proper
drainage to reduce pore water pressure. 3. Liquefaction Slides: Description: Liquefaction occurs when saturated, loose soils lose strength and behave like a liquid during seismic activity or rapid loading. Causes: Saturation of loose, granular soils. Earthquake-induced shaking or rapid loading. Effects: Sudden loss of strength in the embankment or
foundation. Rapid sliding or collapse of the dam. Prevention: Avoid building dams on loose, saturated soils. Use of densification techniques (e.g., compaction, vibro-flotation) to stabilize soils. Proper drainage to reduce saturation. 4. Failures Due to Earthquakes: Description: Earthquakes can cause ground shaking, leading to cracking, sliding, or
liquefaction of the dam or foundation. Causes: Seismic activity in the region. Poor design or construction for earthquake resistance. Effects: Cracking, sliding, or collapse of the dam. Potential release of reservoir water. Prevention: Design dams to withstand seismic forces. Use of flexible materials and proper compaction. Avoid building dams in highly
seismic zones. 5. Failures Due to Holes Caused by Burrowing Animals: Description: Burrowing animals (e.g., rodents, beavers) can create holes or tunnels in the dam, leading to increased seepage and potential failure. Causes: Presence of burrowing animals in the dam area. Lack of preventive measures. Effects: Increased seepage and erosion.
Potential for piping or structural failure. Prevention: Regular inspection and removal of animal burrows. Use of barriers or deterrents to prevent animal activity. 6. Failures Due to Holes Caused by Leaching of Water-Soluble Salts: Description: Leaching of water-soluble salts (e.g., gypsum, halite) from the dam materials can create voids or weaken the
structure. Causes: Presence of soluble salts in the dam materials. Prolonged exposure to water. Effects: Formation of voids or cavities in the dam. Reduced strength and potential collapse. Prevention: Avoid using materials with high soluble salt content. Proper site investigation and material testing. Use of impermeable layers to reduce water
infiltration. Design Criteria for Earth Dams 1. No Overtopping - a. Sufficient freeboard should be included to account for the effects of waves, frost, wind setup, and seismic activity. b. = Appropriate allowances for shrinkage must be considered during the construction process. c. The dam's height should incorporate a suitable margin to
accommodate potential settlement. 2. No Seepage Failure- a. The phreatic line or seepage line must stay sufficiently inside the downstream face to prevent any sloughing or erosion of the downstream slope. b.  Proper measures should be implemented to control seepage through the dam's body, foundations, and abutments. c. The dam and its
foundation must be designed to ensure safety against piping failure. 3. No Structural Failure - a. The design of the upstream and downstream slopes must ensure their stability both during and right after the construction process. b. The upstream slope must remain stable in the event of a sudden drawdown. c. The downstream slope
should be designed to remain secure under steady seepage when the reservoir is at full capacity. d. The entire dam structure must be capable of withstanding earthquake forces. e. The slopes on both the upstream and downstream sides should be sufficiently gentle to provide an adequate base width at the foundation level. This ensures that
the maximum shear stress generated is significantly lower than the soil's maximum shear strength, thereby maintaining an appropriate safety factor. 4. Proper Slope Protection - a. The upstream slope must be safeguarded against erosion caused by wave action. To prevent erosion, rip-rap should be installed along the entire upstream slope as well
as near the toe of the downstream slope, extending slightly above the tailwater level. b. The downstream slope and crest (top) should be protected from erosion due to rain and wind. To achieve this, turf should be applied to the downstream slope. 5. Proper Drainage - a. The downstream section of the impervious core should be effectively
drained using an appropriate horizontal drain filter, toe drain, chimney drain, or other suitable drainage system. 6. Economic Section - a. Whenever possible, locally available materials near the dam site should be utilized to minimize costs. All these factors must be met to ensure the safe design and construction of an earth dam. Components of An
Earthen Dam Shell, Upstream Fill, Downstream Fill, or Shoulder: - These parts of an earthen dam are built using permeable or semi-permeable materials on either the upstream or downstream side of the core. The upstream section is referred to as the upstream shell, while the downstream section is called the downstream shell. Upstream
Blanket: - This is a layer of impermeable material placed on the upstream side of an earthen dam when the underlying ground is permeable. Its purpose is to reduce seepage and lengthen the flow path, thereby decreasing both seepage and excess pressure on the downstream side. A natural blanket consists of naturally occurring low-permeability
soil. Drainage Filter: - This is a layer of permeable material built at the base on the downstream side of an earthen dam. It allows seepage to discharge safely and helps prevent piping failure. Cutoff Wall or Cutoff: - This is a wall, collar, or similar structure designed to reduce water seepage through porous layers. It is installed in or on the
dam's foundation. Riprap: - This involves placing broken stones or rock pieces on the dam's slopes, especially the upstream side, to protect against water erosion, particularly from wave action. Core Wall, Membrane, or Core: - This is a relatively impermeable wall located at the center of the dam. It controls water flow through the dam and
can be made of compacted clay, masonry, or concrete. Toe Drain: - This is a drain installed at the downstream slope of an earthen dam to collect and remove seepage water gathered by the drainage filters. Transition Filter: - This is a component of an earthen dam that sits between the core and the shells. It consists of intermediate-grade
material that acts as a filter, preventing fine material from the core from moving laterally. An embankment dam, also known as an earthfill dam, is a type of dam constructed primarily using compacted earth materials, such as soil, rock, sand, or gravel. It is one of the most common types of dams due to its relative simplicity and cost-effectiveness
compared to other dam types. Here are some key characteristics and features of embankment dams: Construction: Embankment dams are built by placing and compacting layers of earth materials in a controlled manner. The dam is typically constructed in a series of horizontal layers called lifts, with each lift compacted before the next one is added.
The materials used for construction are selected based on their suitability for providing stability and impermeability to water. Core and Shell: Embankment dams generally consist of two main components: the core and the shell. The core is a central portion of the dam made of more impervious materials, such as clay or compacted soil, to minimize
seepage through the dam. The shell, or shell zones, are made up of coarser materials that provide stability and support to the dam structure. Slope Design: The slopes of embankment dams are carefully designed to ensure stability and prevent erosion. The slope angles depend on various factors, including the characteristics of the materials used, the
height of the dam, and the environmental conditions of the site. The upstream face of the dam is usually gentler to reduce the risk of erosion, while the downstream face is generally steeper. Drainage and Filters: Embankment dams incorporate drainage features and filters to control seepage and prevent internal erosion. These may include horizontal
or vertical drains, filters made of graded materials, and cutoffs or seepage control measures to minimize water flow through the dam. Spillways: Embankment dams often include spillways to safely release excess water during periods of high flow. Spillways can be located on the dam body or adjacent to it, and they are designed to handle the
maximum expected flood conditions. Monitoring and Maintenance: Like all dams, embankment dams require regular monitoring and maintenance to ensure their continued safety and performance. This includes inspections, instrumentation to measure factors such as water pressure and seepage, and periodic maintenance activities such as vegetation
control and erosion repair. Embankment dams have been used for a wide range of purposes, including water storage, flood control, hydroelectric power generation, and irrigation. Their design and construction consider factors such as the local geology, hydrological conditions, and the intended purpose of the dam. Safety is a paramount
consideration, and embankment dams are designed to withstand the forces exerted by water and other external factors to ensure the protection of downstream areas and the long-term stability of the structure. Here are examples of specific embankment dams that have been constructed for hydroelectric power generation: Hoover Dam, USA: Located
on the Colorado River between the states of Nevada and Arizona, Hoover Dam is a famous embankment dam built primarily for hydroelectric power generation. Completed in 1936, it is one of the largest dams in the United States and provides electricity to millions of people in the region. Three Gorges Dam, China: The Three Gorges Dam is a massive
embankment dam situated on the Yangtze River in China. With a height of 185 meters (607 feet) and a length of 2,335 meters (7,661 feet), it is the world's largest power station in terms of installed capacity. The dam's reservoir and hydroelectric power plant contribute significantly to China's renewable energy production. Itaipu Dam,
Brazil/Paraguay: The Itaipu Dam, located on the Parana River bordering Brazil and Paraguay, is an embankment dam known for its hydroelectric power generation capabilities. It is one of the largest operational hydroelectric power plants in the world and has a significant impact on the energy supply of both countries. Grand Coulee Dam, USA: Grand
Coulee Dam, located on the Columbia River in the state of Washington, USA, is another notable embankment dam designed for hydroelectric power generation. It is one of the largest concrete structures globally and has a substantial capacity to generate electricity. Bhakra Dam, India: The Bhakra Dam, situated on the Sutlej River in the northern
state of Himachal Pradesh, India, is an embankment dam constructed for multipurpose use, including hydroelectric power generation. It is one of the significant dams in India, contributing to the country's power generation and irrigation systems. Kielder Dam, United Kingdom: Kielder Dam is located in Northumberland, England, and forms the
Kielder Water reservoir. While its primary purpose is water supply, it also generates hydroelectric power. The dam contributes to the renewable energy generation in the region. Vianden Dam, Luxembourg: Vianden Dam, situated on the Our River in Luxembourg, is an embankment dam that serves both flood control and hydroelectric power
generation purposes. It has a significant capacity to produce renewable energy for Luxembourg and the surrounding region. Vajont Dam, Italy: The Vajont Dam, situated in the Veneto region of Italy, was primarily constructed for hydroelectric power generation. While it is famous for the tragic landslide disaster that occurred in 1963, efforts have
been made to restore its hydroelectric power generation capabilities. Limni Reservoir, Cyprus: The Limni Reservoir, also known as the Kouris Dam, is an embankment dam located in Cyprus. It provides water storage for irrigation and municipal supply, and it also generates hydroelectric power. Kariba Dam, Zimbabwe/Zambia: The Kariba Dam is
located on the Zambezi River, forming Lake Kariba on the border between Zimbabwe and Zambia. It is one of the largest embankment dams in the world and serves as a crucial source of hydroelectric power for both countries. The dam's associated power stations have a combined capacity of approximately 1,626 megawatts, providing a significant
contribution to the energy needs of the region. The High Dam in Egypt, officially known as the Aswan High Dam, is an important embankment dam that plays a significant role in water management, irrigation, and hydroelectric power generation These examples showcase the diverse range of embankment dams built worldwide for hydroelectric
power generation, highlighting their importance in renewable energy production and water resource management. So, Let’s Get Started. What is Embankment Dam? Embankment dams are water impounding structures. These are flexible structures which can deform slightly to conform to the deflection of the foundation. Embankment dam is
primarily made out of earth and rock fragments. Thus, the term embankment encompasses both earth and rock-fill dams. These dams are also referred to as dikes or simply embankments or banks. Earth dams that are used to confine flood waters are called levees or guide banks. Dams that are both safe and economical can be constructed at a given
site with the available materials. Since the dawn of history, man has built dams of earth and rocks. Numerous tanks of reservoirs found in South India are over 2,000 years old. It is often said that the largest structure ever built by man is an earth dam. Types of Embankment Dam. Based on the type of construction, embankment dam may be classified
as rolled fill or placed earth-fill dams and hydraulic fill dams. 1. Rolled Fill Dam. In the rolled fill type of construction, the major portion of the embankment is constructed in successive layers which are mechanically compacted. Materials needed for construction are invariably procured from the construction sites, known as borrow areas. Materials
from borrow areas are transferred to the embankment location and spread to the required thickness; the proper amount of water is added, and then the material is compacted by power-operated rollers. The materials used are unprocessed natural materials. Some small quantities of specific materials required for drains, filters, etc., are transported to
the site or processed by screening or otherwise at the site. 2. Hydraulic Fill Dam. In hydraulic fill dams, the embankment materials are suspended in water. The soil-water suspension (generally with about 85% water) is pumped to the required site and allowed to settle. With proper control of the suspension and the settling process, a fairly uniform
construction can be achieved. However, because of segregation problems for coarse materials, this method may not be suitable. The placed earth-fill type is widely used. Embankment dams are of three types, viz., diaphragm, homogeneous, and zoned. i. Diaphragm Type. In this type of embankment dam, a major portion of the embankment is
constructed from pervious materials. A water barrier is formed using a thin diaphragm of impermeable material. The diaphragm may be located in the center as a vertical core or placed as a blanket on the upstream face. The material used for the diaphragm may be earth, cement concrete, bitumen, etc. If an earth core is provided to serve as a
diaphragm, the thickness should be less than 3 meters or less than the height of the embankment. ii. Homogeneous Type. A purely homogeneous dam is constructed using a single kind of material excluding the material used for slope protection. Many of the low- to moderate-height dams are essentially homogeneous. The material selected for such
dams should be sufficiently impervious, and for stability requirements, the slope should be relatively a flat. Homogeneous dams of 6 to 8 meters in height have to be provided with some type of downstream drain, which helps to reduce the pore water pressure in the downstream portion of the dam and control any seepage. The types of drains provided
in homogeneous dams are toe drains, horizontal blanket drains, and chimney drains. iii. Zoned Type. This is a more common type of embankment dam constructed using, basically, pervious and impervious materials. The impervious material, called the core, is placed at the center and is flanked by zones of pervious materials called shells or casings.
The central core is supported and protected by the shells. The upstream shell affords stability against sudden draw-down, and the downstream one acts as a drain to control the line of seepage. The materials for the pervious zones may be sands, gravels, cobbles, or rocks or mixtures of these materials. The width of the core is controlled by the
availability of material and design requirements, such as stability and seepage. If a variety of soils is available in a location, there will be an ample range of material available to choose from for different sections of the embankment. In such situations, there will be no constraint on the height of the dam and the zoned type will invariably yield a more
economical section. If the major part of the dam is composed of rock, it is classified as a rockfill dam. Components of Embankment Dam. Each embankment dam consists of three basic components, viz., foundation, shell, and core (##Fig. 20.1). Depending on the type of dam, additional appurtenances are added to enable the basic components to
function efficiently. 1. Foundation. The foundation of a dam is the sole supporting medium resisting the vertical and horizontal forces. Depending on the foundation material, i.e., whether it is soil or rock, the foundation may allow or resist the flow of water. Rocks form the best foundation material provided they are free from faults, joints, or seams of
soft shale or clay, etc. Sands and gravels also provide good support for dams, but adequate steps should be taken to control the seepage. Fine sands with relative densities less than about 65% should be compacted by vibration so as to avoid liquefaction. Clay foundations pose serious stability and settlement problems unless measures are taken to
accelerate the consolidation. Because of their low shear strength, they require a flat slope. 2. Casing. As pointed out earlier, the shell imparts stability and protects the core. All relatively pervious materials which are not prone to cracking under normal atmospheric conditions are suitable for the casing. The below table shows (IS: 8826, 1978; 1498,
1970) the suitability of different soils for use as shell and core. The upstream and downstream slopes of a casing have to be decided based on the availability of material, foundation condition, height, and type of dam. The upstream ranges from 2:1 to 4:1 for stability requirements, and a flat one is chosen for material with low permeability. The usual
downstream slope varies from 2:1 to 2.5:1. Goel et al. (1980), based on statistical shear strength data, have recommended design slopes for dams (up to 15 meters high) which confine the slope ranges given above. 3. Core. The core acts as an impermeable barrier and prevents the free seepage of water through the body of the dam. Soils with high
degrees of compressibility, swelling, shrinking, and organic content are not suitable for cores. The Indian Standards recommendation for cores is listed in the above Table. Based on the availability of material, the topography of the site, and diversion considerations, the core may be positioned either centrally or inclined upstream. The top level of the
core should be fixed at 1 meter above the maximum water level. This condition is imposed to prevent seepage by capillary syphoning. The minimum top width of the core should be 3 meters, and the final thickness has to be decided based on the practical considerations given below (as suggested by IS: 8826, 1978): (i) availability of suitable
impervious material; (ii) resistance to piping; (iii) permissible seepage through the dam; (iv) availability of other materials for casing, filter, etc. Read Also: Gravity Dam: Its Advantages & Disadvantages. Arch Dam: Its Types, Advantages, Disadvantages. Share — copy and redistribute the material in any medium or format for any purpose, even
commercially. Adapt — remix, transform, and build upon the material for any purpose, even commercially. The licensor cannot revoke these freedoms as long as you follow the license terms. Attribution — You must give appropriate credit , provide a link to the license, and indicate if changes were made . You may do so in any reasonable manner, but
not in any way that suggests the licensor endorses you or your use. ShareAlike — If you remix, transform, or build upon the material, you must distribute your contributions under the same license as the original. No additional restrictions — You may not apply legal terms or technological measures that legally restrict others from doing anything the
license permits. You do not have to comply with the license for elements of the material in the public domain or where your use is permitted by an applicable exception or limitation . No warranties are given. The license may not give you all of the permissions necessary for your intended use. For example, other rights such as publicity, privacy, or
moral rights may limit how you use the material. So, Let’s Get Started. What is Embankment Dam? Embankment dams are water impounding structures. These are flexible structures which can deform slightly to conform to the deflection of the foundation. Embankment dam is primarily made out of earth and rock fragments. Thus, the term
embankment encompasses both earth and rock-fill dams. These dams are also referred to as dikes or simply embankments or banks. Earth dams that are used to confine flood waters are called levees or guide banks. Dams that are both safe and economical can be constructed at a given site with the available materials. Since the dawn of history, man
has built dams of earth and rocks. Numerous tanks of reservoirs found in South India are over 2,000 years old. It is often said that the largest structure ever built by man is an earth dam. Types of Embankment Dam. Based on the type of construction, embankment dam may be classified as rolled fill or placed earth-fill dams and hydraulic fill dams. 1.
Rolled Fill Dam. In the rolled fill type of construction, the major portion of the embankment is constructed in successive layers which are mechanically compacted. Materials needed for construction are invariably procured from the construction sites, known as borrow areas. Materials from borrow areas are transferred to the embankment location and
spread to the required thickness; the proper amount of water is added, and then the material is compacted by power-operated rollers. The materials used are unprocessed natural materials. Some small quantities of specific materials required for drains, filters, etc., are transported to the site or processed by screening or otherwise at the site. 2.
Hydraulic Fill Dam. In hydraulic fill dams, the embankment materials are suspended in water. The soil-water suspension (generally with about 85% water) is pumped to the required site and allowed to settle. With proper control of the suspension and the settling process, a fairly uniform construction can be achieved. However, because of segregation
problems for coarse materials, this method may not be suitable. The placed earth-fill type is widely used. Embankment dams are of three types, viz., diaphragm, homogeneous, and zoned. i. Diaphragm Type. In this type of embankment dam, a major portion of the embankment is constructed from pervious materials. A water barrier is formed using a
thin diaphragm of impermeable material. The diaphragm may be located in the center as a vertical core or placed as a blanket on the upstream face. The material used for the diaphragm may be earth, cement concrete, bitumen, etc. If an earth core is provided to serve as a diaphragm, the thickness should be less than 3 meters or less than the height
of the embankment. ii. Homogeneous Type. A purely homogeneous dam is constructed using a single kind of material excluding the material used for slope protection. Many of the low- to moderate-height dams are essentially homogeneous. The material selected for such dams should be sufficiently impervious, and for stability requirements, the slope
should be relatively a flat. Homogeneous dams of 6 to 8 meters in height have to be provided with some type of downstream drain, which helps to reduce the pore water pressure in the downstream portion of the dam and control any seepage. The types of drains provided in homogeneous dams are toe drains, horizontal blanket drains, and chimney
drains. iii. Zoned Type. This is a more common type of embankment dam constructed using, basically, pervious and impervious materials. The impervious material, called the core, is placed at the center and is flanked by zones of pervious materials called shells or casings. The central core is supported and protected by the shells. The upstream shell
affords stability against sudden draw-down, and the downstream one acts as a drain to control the line of seepage. The materials for the pervious zones may be sands, gravels, cobbles, or rocks or mixtures of these materials. The width of the core is controlled by the availability of material and design requirements, such as stability and seepage. If a
variety of soils is available in a location, there will be an ample range of material available to choose from for different sections of the embankment. In such situations, there will be no constraint on the height of the dam and the zoned type will invariably yield a more economical section. If the major part of the dam is composed of rock, it is classified
as a rockfill dam. Components of Embankment Dam. Each embankment dam consists of three basic components, viz., foundation, shell, and core (##Fig. 20.1). Depending on the type of dam, additional appurtenances are added to enable the basic components to function efficiently. 1. Foundation. The foundation of a dam is the sole supporting
medium resisting the vertical and horizontal forces. Depending on the foundation material, i.e., whether it is soil or rock, the foundation may allow or resist the flow of water. Rocks form the best foundation material provided they are free from faults, joints, or seams of soft shale or clay, etc. Sands and gravels also provide good support for dams, but
adequate steps should be taken to control the seepage. Fine sands with relative densities less than about 65% should be compacted by vibration so as to avoid liquefaction. Clay foundations pose serious stability and settlement problems unless measures are taken to accelerate the consolidation. Because of their low shear strength, they require a flat
slope. 2. Casing. As pointed out earlier, the shell imparts stability and protects the core. All relatively pervious materials which are not prone to cracking under normal atmospheric conditions are suitable for the casing. The below table shows (IS: 8826, 1978; 1498, 1970) the suitability of different soils for use as shell and core. The upstream and
downstream slopes of a casing have to be decided based on the availability of material, foundation condition, height, and type of dam. The upstream ranges from 2:1 to 4:1 for stability requirements, and a flat one is chosen for material with low permeability. The usual downstream slope varies from 2:1 to 2.5:1. Goel et al. (1980), based on statistical
shear strength data, have recommended design slopes for dams (up to 15 meters high) which confine the slope ranges given above. 3. Core. The core acts as an impermeable barrier and prevents the free seepage of water through the body of the dam. Soils with high degrees of compressibility, swelling, shrinking, and organic content are not suitable
for cores. The Indian Standards recommendation for cores is listed in the above Table. Based on the availability of material, the topography of the site, and diversion considerations, the core may be positioned either centrally or inclined upstream. The top level of the core should be fixed at 1 meter above the maximum water level. This condition is
imposed to prevent seepage by capillary syphoning. The minimum top width of the core should be 3 meters, and the final thickness has to be decided based on the practical considerations given below (as suggested by IS: 8826, 1978): (i) availability of suitable impervious material; (ii) resistance to piping; (iii) permissible seepage through the dam; (iv)
availability of other materials for casing, filter, etc. Read Also: Gravity Dam: Its Advantages & Disadvantages. Arch Dam: Its Types, Advantages, Disadvantages. So, Let’s Get Started. What is Embankment Dam? Embankment dams are water impounding structures. These are flexible structures which can deform slightly to conform to the deflection of
the foundation. Embankment dam is primarily made out of earth and rock fragments. Thus, the term embankment encompasses both earth and rock-fill dams. These dams are also referred to as dikes or simply embankments or banks. Earth dams that are used to confine flood waters are called levees or guide banks. Dams that are both safe and
economical can be constructed at a given site with the available materials. Since the dawn of history, man has built dams of earth and rocks. Numerous tanks of reservoirs found in South India are over 2,000 years old. It is often said that the largest structure ever built by man is an earth dam. Types of Embankment Dam. Based on the type of
construction, embankment dam may be classified as rolled fill or placed earth-fill dams and hydraulic fill dams. 1. Rolled Fill Dam. In the rolled fill type of construction, the major portion of the embankment is constructed in successive layers which are mechanically compacted. Materials needed for construction are invariably procured from the
construction sites, known as borrow areas. Materials from borrow areas are transferred to the embankment location and spread to the required thickness; the proper amount of water is added, and then the material is compacted by power-operated rollers. The materials used are unprocessed natural materials. Some small quantities of specific
materials required for drains, filters, etc., are transported to the site or processed by screening or otherwise at the site. 2. Hydraulic Fill Dam. In hydraulic fill dams, the embankment materials are suspended in water. The soil-water suspension (generally with about 85% water) is pumped to the required site and allowed to settle. With proper control
of the suspension and the settling process, a fairly uniform construction can be achieved. However, because of segregation problems for coarse materials, this method may not be suitable. The placed earth-fill type is widely used. Embankment dams are of three types, viz., diaphragm, homogeneous, and zoned. i. Diaphragm Type. In this type of
embankment dam, a major portion of the embankment is constructed from pervious materials. A water barrier is formed using a thin diaphragm of impermeable material. The diaphragm may be located in the center as a vertical core or placed as a blanket on the upstream face. The material used for the diaphragm may be earth, cement concrete,
bitumen, etc. If an earth core is provided to serve as a diaphragm, the thickness should be less than 3 meters or less than the height of the embankment. ii. Homogeneous Type. A purely homogeneous dam is constructed using a single kind of material excluding the material used for slope protection. Many of the low- to moderate-height dams are
essentially homogeneous. The material selected for such dams should be sufficiently impervious, and for stability requirements, the slope should be relatively a flat. Homogeneous dams of 6 to 8 meters in height have to be provided with some type of downstream drain, which helps to reduce the pore water pressure in the downstream portion of the
dam and control any seepage. The types of drains provided in homogeneous dams are toe drains, horizontal blanket drains, and chimney drains. iii. Zoned Type. This is a more common type of embankment dam constructed using, basically, pervious and impervious materials. The impervious material, called the core, is placed at the center and is
flanked by zones of pervious materials called shells or casings. The central core is supported and protected by the shells. The upstream shell affords stability against sudden draw-down, and the downstream one acts as a drain to control the line of seepage. The materials for the pervious zones may be sands, gravels, cobbles, or rocks or mixtures of
these materials. The width of the core is controlled by the availability of material and design requirements, such as stability and seepage. If a variety of soils is available in a location, there will be an ample range of material available to choose from for different sections of the embankment. In such situations, there will be no constraint on the height of
the dam and the zoned type will invariably yield a more economical section. If the major part of the dam is composed of rock, it is classified as a rockfill dam. Components of Embankment Dam. Each embankment dam consists of three basic components, viz., foundation, shell, and core (##Fig. 20.1). Depending on the type of dam, additional
appurtenances are added to enable the basic components to function efficiently. 1. Foundation. The foundation of a dam is the sole supporting medium resisting the vertical and horizontal forces. Depending on the foundation material, i.e., whether it is soil or rock, the foundation may allow or resist the flow of water. Rocks form the best foundation
material provided they are free from faults, joints, or seams of soft shale or clay, etc. Sands and gravels also provide good support for dams, but adequate steps should be taken to control the seepage. Fine sands with relative densities less than about 65% should be compacted by vibration so as to avoid liquefaction. Clay foundations pose serious
stability and settlement problems unless measures are taken to accelerate the consolidation. Because of their low shear strength, they require a flat slope. 2. Casing. As pointed out earlier, the shell imparts stability and protects the core. All relatively pervious materials which are not prone to cracking under normal atmospheric conditions are suitable
for the casing. The below table shows (IS: 8826, 1978; 1498, 1970) the suitability of different soils for use as shell and core. The upstream and downstream slopes of a casing have to be decided based on the availability of material, foundation condition, height, and type of dam. The upstream ranges from 2:1 to 4:1 for stability requirements, and a flat
one is chosen for material with low permeability. The usual downstream slope varies from 2:1 to 2.5:1. Goel et al. (1980), based on statistical shear strength data, have recommended design slopes for dams (up to 15 meters high) which confine the slope ranges given above. 3. Core. The core acts as an impermeable barrier and prevents the free
seepage of water through the body of the dam. Soils with high degrees of compressibility, swelling, shrinking, and organic content are not suitable for cores. The Indian Standards recommendation for cores is listed in the above Table. Based on the availability of material, the topography of the site, and diversion considerations, the core may be
positioned either centrally or inclined upstream. The top level of the core should be fixed at 1 meter above the maximum water level. This condition is imposed to prevent seepage by capillary syphoning. The minimum top width of the core should be 3 meters, and the final thickness has to be decided based on the practical considerations given below
(as suggested by IS: 8826, 1978): (i) availability of suitable impervious material; (ii) resistance to piping; (iii) permissible seepage through the dam; (iv) availability of other materials for casing, filter, etc. Read Also: Gravity Dam: Its Advantages & Disadvantages. Arch Dam: Its Types, Advantages, Disadvantages. Embankment dams stand as
engineering marvels, serving crucial roles in water resource management, flood control, and infrastructure development. The design and construction of these structures are intricate processes influenced by a myriad of factors. In this extensive exploration, we will investigate deeper into the complexities of embankment dam design, expanding our
content scope to encompass a broad spectrum of considerations, techniques, and best practices.The selection of construction materials significantly shapes the design of embankment dams. Commonly, materials are sourced locally, reducing costs and environmental impact. Impervious soil may lead to a homogeneous embankment dam, while rock
and impervious material could result in a rock fill dam. Zoned earth dams may be constructed when both previous and impervious materials are present.The properties of the soil on which the dam is constructed play a pivotal role in design considerations. Soil characteristics influence foundation treatment, impacting dimensions, slope stability, and
overall structural integrity. Addressing deferential settlement is crucial, requiring measures such as slope reduction, increased cross-section, and freeboard.The topography of the valley profoundly influences embankment dam design. Narrow valleys with steep abutments impose limitations on construction space, necessitating simpler designs with
special construction provisions. In contrast, wide valleys with gentle abutment slopes offer more flexibility in design and construction.Regional climate considerations play a vital role in embankment design. Construction during the rainy season may require special measures, such as a sloped core, to prevent water ingress. In arid areas, additional
time may be required to collect water for construction due to challenges in controlling the moisture content of fine-grain soil.The diversion of rivers is a critical factor affecting dam design, particularly in narrow valleys. Careful consideration must be given to the diversion process, with options ranging from tunnels to controlled diversion through
different sections of the valley.Construction timelines significantly influence dam design. In situations requiring rapid construction for considerable dam height, pore water pressure becomes a concern, necessitating flatter slopes. Fine-grain soil, requiring a longer time for treatment, may prompt the installation of an impervious layer to meet
restricted construction timelines.The intended function of the reservoir dictates permissible water loss and influences dam design. Dams designed for water conservation require impervious structures, while those aimed at flood control may accept more pervious dams.Reservoir length and wind velocity control wave action severity, impacting the
degree of protection needed for the dam’s upstream. Proper protection measures, such as covering the upstream face with a layer of dumped rock, can effectively mitigate erosion caused by cyclic wave action.Construction in earthquake-prone areas demands a more conservative approach to design. Factors such as flatter slopes, better filters, thicker
cores, longer construction times, and larger downstream drains must be considered to enhance the dam’s resilience to seismic activity.Understanding the available construction materials allows for the classification of embankment dams into various types, each with unique characteristics.Characterized by the use of impervious soil material,
homogeneous embankment dams offer a straightforward design.When rock and impervious material are present at the construction site, a rock fill dam is a suitable choice.In cases where both previous and impervious materials are available, zoned earth dams offer a comprehensive solution.The properties of the soil on which the dam is constructed
necessitate careful consideration of foundation treatment. Controlling differential settlement is crucial, and measures such as slope reduction, increased cross-section, and freeboard are employed to ensure stability.The shape and size of the valley significantly impact design flexibility. Narrow valleys with steep abutments limit construction space,
prompting the use of simpler designs with special provisions. In contrast, wide valleys with gentle abutment slopes offer greater flexibility in design and construction.Regional climate considerations necessitate modifications in the embankment dam design. Construction during the rainy season may require a sloped core to prevent water ingress. In
arid areas, additional time may be required to collect water for construction due to challenges in controlling the moisture content of fine-grain soil.The diversion of rivers is a crucial aspect of dam design, particularly in narrow valleys. Options for diversion range from tunnels to controlled diversion through different sections of the valley.Construction
timelines significantly influence dam design. In situations requiring rapid construction for considerable dam height, pore water pressure becomes a concern, necessitating flatter slopes. Fine-grain soil, requiring a longer time for treatment, may prompt the installation of an impervious layer to meet restricted construction timelines.The function of the
reservoir dictates permissible water loss and influences dam design. Dams designed for water conservation require impervious structures, while those aimed at flood control may accept more pervious dams.Reservoir length and wind velocity control wave action severity, impacting the degree of protection needed for the dam’s upstream. Proper
protection measures, such as covering the upstream face with a layer of dumped rock, can effectively mitigate erosion caused by cyclic wave action.Construction in earthquake-prone areas demands a more conservative approach to design. Factors such as flatter slopes, better filters, thicker cores, longer construction times, and larger downstream
drains must be considered to enhance the dam'’s resilience to seismic activity. Homogeneous embankment dams rely on impervious soil material. The compaction of this material is crucial for achieving the desired impermeability.Rock fill dams leverage the presence of both rock and impervious material. The arrangement and compaction of these
materials contribute to the dam’s stability and impermeability.Zoned earth dams incorporate both previous and impervious materials. Proper layering and compaction ensure the dam’s integrity and ability to withstand external forces.The use of geosynthetic materials, such as geotextiles and geomembranes, can enhance the stability and
impermeability of embankment dams. These materials offer additional reinforcement and serve as effective barriers against water infiltration.Innovative foundation treatment methods, including soil stabilization techniques and deep soil mixing, are employed to address specific soil challenges. These methods enhance the overall stability of the dam
and reduce the risk of settlement.Advancements in numerical modeling, utilizing finite element analysis and computational fluid dynamics, allow engineers to simulate various scenarios and optimize the dam design. This precision in modeling ensures that the final structure meets safety and performance standards.The construction of embankment
dams is increasingly incorporating environmentally sustainable practices. From erosion control measures to habitat preservation, engineers are mindful of minimizing the ecological impact of dam construction.Thorough site investigations are crucial for understanding soil properties, geological conditions, and potential challenges. This information
forms the basis for informed design decisions and ensures that the dam is tailored to the specific characteristics of the site.Embankment dam design requires an integrated approach, considering factors such as materials, climate, and site conditions. Collaboration among geotechnical engineers, structural engineers, and environmental specialists is
essential for a well-rounded design.A comprehensive risk assessment is conducted to identify potential hazards and vulnerabilities associated with dam construction and operation. Effective risk management strategies are then implemented to mitigate these challenges.Engaging with local communities and involving stakeholders in the decision-



making process is a best practice in embankment dam construction. Transparent communication fosters understanding and ensures that the concerns of all parties are addressed.Regular monitoring of embankment dams is crucial for detecting early signs of potential issues. Implementing proactive maintenance protocols ensures the long-term
stability and safety of the structure.In conclusion, embankment dam design is a multifaceted process that requires a thorough understanding of geological, environmental, and engineering principles. By expanding our content scope to encompass a broad array of factors, techniques, and best practices, we gain a comprehensive view of the
complexities involved in creating resilient and functional embankment dams. These structures, vital for water resource management and infrastructure development, stand as testaments to the ingenuity of engineering in addressing the challenges posed by diverse terrains and environmental conditions. As technology advances and sustainability
becomes a central focus, the future of embankment dam design holds exciting possibilities, promising even more robust and environmentally conscious solutions.



