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Subject Name: Design Of Hydraulic Structure      Subject Code: CE6001 

UNIT-I 

Gravity dams: Design Criteria, forces acting on gravity dams, elementary profile, low and high gravity dams, 

stability analysis, practical profile, evaluation of profile by method of zoning, foundation treatment, 

construction joints, galleries in gravity dams.  

CONCRETE DAM 

General 

The objective of this chapter of the Guidelines is to provide Staff engineers, licensees, and their 

consultants with recommended procedures and stability criteria for use in the stability analysis of 

concrete gravity structures. Engineering judgment must be exercised by staff when evaluating 

procedures or situations not specifically covered herein. Unique problems or unusual solutions may 

require deviations from the criteria and/or procedures outlined in this chapter. 

Forces 

 General 

Many of the forces which must be considered in the design of the gravity dam structure are of 

such a nature that an exact determination cannot be made. The intensity, direction and location of these 

forces must be estimated by the engineer after consideration of all available facts and, to a certain 

extent, must be based on judgment and experience. 

 

  Dead Loads 

 

Unless testing indicates otherwise, the unit weight of concrete can be assumed to be 150 lb/ft3.  

In the determination of the dead load, relatively small voids, such as galleries, normally are not deducted 

unless the engineer judges that the voids constitute a significant portion of the dam's volume. The dead 

loads considered should include weights of concrete and superimposed backfill, and appurtenances such 

as gates and bridges. 

 

 External Water Imposed Loads 

 

 Hydro Static Loads 

 

Although the weight of water varies slightly with temperature, the weight of fresh water should be 

taken at 62.4 lb/ft3. A linear distribution of the static water pressure acting normal to the surface of the 

dam should be applied. 

 

 Nappe Forces 

The forces acting on an overflow dam or spillway section are complicated by steady state 

hydrodynamic effects. Hydrodynamic forces result from water changing speed and direction as it flows 

over a spillway. At small discharges, nappe forces may be neglected in stability analysis; however, when 

Downloaded from  be.rgpvnotes.in

Page no: 1 Follow us on facebook to get real-time updates from RGPV

https://be.rgpvnotes.in
https://www.facebook.com/rgpvnotes.in
https://be.rgpvnotes.in


Page 2 of 13  

the discharge over an overflow spillway approaches the design discharge, nappe forces can become 

significant and should be taken into account in the analysis of dam stability. Previous FERC gravity dam 

guidance dealt with nappe forces by ignoring the weight of the nappe on top of the structure and by 

requiring that the tail water be assumed to be 60% of its expected height.  This method does not 

sufficiently account for sub- atmospheric crest pressures and high bucket pressures, and in some cases it 

can yield un- conservative results. While this practice is still acceptable, it may be desirable to determine 

forces due to the nappe and tail water more rigorously. References 3 and 4 can be used to determine 

more accurate nappe pressure distribution. Also, Appendix A of this chapter presents a general method 

for the determination of nappe pressures. 

 

If the tail water is greater than the conjugate depth, tail water will fall back against the dam, 

submerging the jet and lessening hydrodynamic effects. However, unless there is clear evidence that tail 

water will be in excess of the conjugate depth, it shall be assumed that tail water is blown downstream of 

the dam by the discharge, and that tail water has no effect on the nappe pressures on the dam. 

Downstream channel conveyance characteristics are typically not well known for unprecedented 

discharges. 

For this reason, it should not be assumed that tail water will drown out the hydraulic jump without 

sufficient justification. 

 

General 

Any stability analysis of the dam should seek to apply forces that are compatible with the failure 

mechanism being assumed. For this reason, it is less important to determine what the uplift pressures on a 

dam are at present than it is to determine what they would be during failure. The uplift distributions 

recommended herein are consistent with the failure modes being assumed. Uplift should be assumed to 

exist between the dam and its foundation, and within the foundation below the contact plane and it 

should also be applied within any cracks within the dam. Uplift is an active force which must be included 

in the analysis of stability. Uplift shall be assumed to act over 100 percent of the area of any failure plane 

whether that plane is within the dam, at the contact with the foundation or at any plane within the 

foundation. 

 

Uplift reduction can be achieved through a drainage system, a grout curtain, or sometimes simply 

by the accumulation of low permeability silt against the upstream face of the dam. If uplift reduction is 

assumed in analysis, it must be verified by instrumentation. There must also be a reasonable assurance 

that the uplift reduction effect that is measured under normal conditions will persist under 

unprecedented load conditions such as extreme floods or earthquakes. 

 

 

Uplift reduction due to drainage assumes that the drainage system vents the high pressure area 

under the dam to tail water pressure. This intended purpose can be thwarted however if the drainage 

system exits into a region of high hydrodynamic pressure as shown in figure 1. In this case, the drainage 

system is vented to tail water under normal conditions, however, during flood discharges the drain 

system can become pressurized. 
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Horizontal Planes within the Dam 

Uplift along failure planes within the body of the dam shall be assumed to vary from 100% of normal 

headwater at the upstream face to 100% of tail water or zero, as the case may be, at the downstream 

face.  When a vertical drainage system has been provided within the dam, the drain effectiveness and 

uplift assumptions should follow the guidance provided, and should be verified by instrumentation. 

Rock Foundations 

In the case of gravity Dams on rock foundations, a failure plane shall be assumed between the dam and 

the foundation. In addition, the potential for failure planes in the rock below the dam must be 

considered. 

When crack does extend beyond the drain line 

H 4 >TW 

H 3 =K * HW   H 4  

 

H 4 <TW 

H 3 =K * HW   TW  

 

The assumption of full reservoir uplift in the non-compressive zone results from the realization that if the 

crack width becomes sufficiently large, the base will become exposed to the reservoir and the drains will 

become completely in-effective.  This assumption is compatible with the limit state failure mechanism that 

is considered in an overturning failure. For this reason, uplift on any portion of the base or section not in 

compression should be assumed to be 100% of  

 

 

 

Figure 3 

The assumed upstream head except when the non-compressive foundation pressure is the result of 

earthquake forces. If, however, instrumentation can verify use of less than 100%, then uplift pressure 

may be reduced accordingly. Uplift distribution for the case in which the theoretical foundation crack 

extends beyond the line of drains is shown in figure 3. 
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Deviations from the pressure distributions shown in figures 1 and 2 may be considered provided 

there is sufficient justification such as instrumentation of foundation abnormalities. 

 

Typically, measured drain efficiency must be considered valid only for the reservoir loading at 

which the measurement was taken. Extrapolation to higher reservoir levels in the absence of supporting 

field data is not valid, especially where the applied forces from the unusual loading condition are 

significantly different than the usual loading condition. However, extrapolation of drain efficiencies for 

higher reservoir levels may be allowed on a case-by-case basis. Staff engineers should consider the 

specific conditions at each project to determine if extrapolation of drain efficiencies is valid. Factors 

which should be considered are as follows: 

a. The difference in the character of foundation stresses produced. Crack extent and dimensions 

are influenced by the stresses imposed on the foundation. If analysis indicates that the 

foundation stresses will be significantly different, crack geometry and therefore drain efficiency 

may be different. 

b. The difference between drain efficiency assumed in the design and the measured drain 

efficiency. If there is some margin for error, extrapolation is easier to justify. 

c. The degree of understanding of the geology of the foundation of the dam., a reduction in the 

uncertainties associated with the selection of design parameters can lead to a corresponding 

reduction in required factors of safety.  This principle can also be applied to the extrapolation of 

drain efficiencies. Better definition of the geologic characteristics of the foundation which affect 

seepage parameters can also reduce the uncertainties associated with drain efficiency 

extrapolation. 

d. The sensitivity of the stability drain effectiveness assumptions. If drain efficiency is required to 

keep the theoretical base crack from extending all the way through the dam, extrapolation of 

drain efficiency assumptions into unprecedented loading conditions should be viewed with great 

skepticism. 

When analysis indicates that a theoretical crack propagates 

beyond the drains for an unprecedented load condition such as the 

PMF, the amount of drain efficiency that can exist is limited by 

certain physical constraints. Even if the pressure at a given drain is 

zero, the effect of this pressure reduction is very local as can be seen 

in figure 4 
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For cases in which the theoretical base crack extends beyond the drains, the resulting uplift force should not 

be assumed to be less than that calculated by the idealization shown below, where 

Grouting 

 

Grouting alone should not be considered sufficient justification to assume an uplift reduction. A 

grout curtain may retard foundation flows initially, but the degree of uplift relief may be lessened as the 

age of the dam increases due to deterioration of the curtain. A drainage system should be utilized 

downstream of grout curtains and, a monitoring system should be employed to determine actual uplift 

pressures and to detect any reduction in drain efficiency due to clogging of the drains. 

Aprons 

Upstream and downstream aprons have the effect of increasing the seepage path under the dam. 

For an upstream apron properly sealed to prevent leakage, the effect is to reduce the uplift under the dam. 

The effectiveness of upstream aprons in 

reducing uplift is compromised if cracks and 

joints in the apron permit leakage. 

Conversely, downstream aprons such as stilling 

basins have the effect of increasing uplift 

under the dam. (See figure 6)  Uplift

 

Reduction should be justified by instrumentation. 

 

In the case of downstream aprons, it may be assumed that uplift is limited to that which would 

float the apron. 

 

Reservoir Silt 

Reservoir silt can reduce uplift under a dam in a manner similar to an upstream apron. 14/ Uplift 

reduction should be justified by instrumentation. 

 

Because of potential liquefaction of the silt during a seismic event, uplift reduction due to silt may be lost 

in seismic situations. If liquefaction occurs, pore pressure in the silt will increase. This condition of 

elevated pore pressure may persist for some time after the seismic event. For this reason, uplift reduction 

due to silt may not be relied upon when considering post-earthquake stability. 

Earthquake 

Uplift pressures should be assumed to be those existing under normal conditions during 

earthquake loading. However, when performing post-earthquake stability analysis, the effects of silt 

liquefaction, apron cracking, or potential offsets must be considered. 

Flood Loading 

Uplift reductions should not be based on the assumption that the IDF flood event will be of such short 

duration and the permeability of the foundation so low that the elevated headwater and tailwater 

pressures are not transmitted under the base of the dam. This less than conservative assumption is invalid 

because extreme design floods and the resulting elevated water levels often last many hours, if not days, 

and because in a saturated rigid system such as a rock foundation with joints, extremely small volume 

changes can transmit large pressure changes. In the absence of corroborative evidence (e.g., 

measurements of piezometer levels during prior floods) the uplift should be assumed to vary directly with 

changes in headwater and tailwater levels.  
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Soil Foundations 

 

Uplift pressures acting upon the base of a gravity structure constructed on a pervious soil 

foundation are related to seepage through permeable materials. Water percolating through pore spaces 

in the materials is retarded by frictional resistance, somewhat the same as water flowing through a pipe. 

The intensity of the uplift can be controlled by construction of properly placed aprons, cutoffs and other 

devices.  

Base cracking may not affect the uplift distribution under a soil founded dam as much as 

under a dam founded on rock. If the soil is relatively pervious, a small crack between the dam and 

foundation may cause no effect. For this reason, the standard cracked base uplift distributions in of 

this chapter may not be a p p l i c a b l e . One of the following methods should be used to estimate the 

magnitude of the uplift pressure: 

 

Creep Theory 

 

The word "Creep" in this usage refers to a simplified method which can be used to estimate 

uplift pressure under a structure. Under creep theory, the uplift pressure is assumed to be the sum 

of two components; the seepage potential and the position potential. 

 

The seepage potential is calculated by first determining the creep distance which a molecule 

of water would follow as it flows beneath the structure. The creep distance starts at a point on the 

ground line directly over the heel, and ends at another point on the ground line directly above the 

toe, following the boundary of the sides and bottom of buried concrete. The seepage and position 

potentials are then calculated as shown in figure 7. 

The effective uplift pressure at a point is then calculated by multiplying the sum of the seepage and position 

potentials of the points by the unit weight of water. 

 

In most cases, the vertical and 

Horizontal permeability of soil are not equal. 
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Typically, the horizontal permeability (kh) is 3 times as great as the vertical permeability (kv)  A "weighted 

creep" recognizes the differences in vertical and horizontal permeability of most soil foundations by 

multiplying the horizontal distances along the creep path by the ratio (kv)/(kh). 

The weighted creep distance Lw, should be calculated as shown below: 

 

Where: Kh= horizontal permeability 

 Kv= vertical permeability 

 Lh= horizontal length of creep path 

 Lv= vertical length of creep path 

 Lw= weighted creep distance 

 

Flow Net Method 

This method is a graphical procedure which involves the construction of flow lines and lines of 

equal potential (lines drawn through points of equal total head) in subsurface flow. Flow lines and 

equipotential lines are superimposed upon a cross section of the soil through which the flow is taking 

place.  

Finite Element Method 

Two and 3 dimensional finite element ground water modeling can also be used in a manner 

similar to the flow net method. Material anisotropy can be factored into these analyses. 

Earth Pressures 

Earth pressures exerted on dams or other gravity structures by soil backfills. In most cases, at rest 

earth pressures should be assumed. The rigidity of the foundation and the character of the backfill, along 

with the construction sequence, may affect this assumption. The unit weight of the backfill and material 

strength parameters used in the analysis should be supported by site investigations. If the backfill is 

submerged, the unit weight of the soil should be reduced by the unit weight of water to determine the 

buoyant weight. 

Earth backfill on the downstream side of a gravity dam has a beneficial effect on stability, 

however, if flood conditions can overtop the dam and lead to erosion of the backfill, it cannot be relied 

upon for its stabilizing effects. 

Silt Pressures 

 

The silt elevation should be determined by hydro graphic surveys. Vertical pressure exerted by 

saturated silt is determined as if silt were a saturated soil, the magnitude of pressure varying directly with 

depth. Horizontal pressure exerted by the silt load is calculated in the same manner as submerged earth 

backfill. Silt shall be assumed to liquefy under seismic loading. Thus, for post-earthquake analysis, silt 

internal shear strength shall be assumed to be zero unless site investigations demonstrate that 

liquefaction is not possible. 

Earthquake Forces 

Earthquake loadings should be selected after consideration of the accelerations which may be 

expected at each project site as determined by the geology of the site, proximity to major faults, and 
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earthquake history of the region as indicated by available seismic records. Seismic risk maps can be used 

to establish the probability zone for projects which do not have detailed seismicity studies. A set of 

seismic risk maps are available from the United States Geological Survey,  

Other widely accepted seismic risk maps can also be used as a starting point for the determination of 

seismic loading. 

While a variety of sources can be cited, the determination of the Maximum Credible Earthquake 

for a site remains the responsibility of the licensee. General seismic hazard maps such as that cited above 

may not sufficiently account for local seismicity. 

Site specific seismic studies may be required. See the seismicity chapter of these guidelines for more 

information. 

Seismic loading need not be considered for structures for which the MCE produces a peak ground 

acceleration of less than 0.1g at the site.  

 Ice Loading 

Ice pressure is created by thermal expansion of the ice and by wind drag. 

Pressures caused by thermal expansion are dependent on the temperature rise of the ice, the thickness of 

the ice sheet, the coefficient of expansion, the elastic modulus and the strength of the ice. Wind drag is 

dependent on the size and shape of the exposed area, the roughness of the surface, and the direction and 

velocity of the wind. Ice loads are usually transitory. Not all dams will be subject to ice pressure and the 

engineer should decide whether an ice load is appropriate after consideration of the above factors. An 

example o f  the conditions conducive to the development of potentially high ice pressure would be a 

reservoir with hard rock reservoir walls which totally restrain the ice sheet. In addition, the site 

meteorological conditions would have to be such that an extremely rigid ice sheet develops. For the 

purpose of the analysis of structures for which an ice load is expected, it is recommended that a pressure 

of 5000 pounds per square foot be applied to the c o n t a c t  surface of the structure in contact with the 

ice, based upon the expected ice thickness.  The existence of a formal system for the prevention of ice 

formation, such as an air bubble system, may reduce or eliminate ice loadings. Information showing the 

design and maintenance of such a system must be provided in support of this assumption. Ice pressure 

should be applied at the normal pool elevation. If the dam is topped with flashboards, the strength of 

the flashboards may limit the ice load.  

 Ice /Debris Impact 

Some rivers are subject to ice and debris flow. Current borne ice sheets weighing several tons, and/or 

debris can impact dams and cause local damage to piers, gates or machinery. Several dams have 

experienced very large reservoir surcharges under moderate flood events due to plugging of spillway bays 

by debris or floating ice. When the ability of a spillway to pass floods is evaluated, the effect of ice and 

debris should be considered. 

Temperature & Aggregate Reactivity 

Volumetric changes caused by thermal expansion and contraction, or by alkali/aggregate reactivity affect 

the cross valley stresses in the dam. These stresses are important when 3 dimensional behavior is being 

considered. Expansion will cause a dam to wedge itself into the valley walls more tightly, increasing its 

stability. Contraction has the opposite effect. While these effects are acknowledged, the beneficial effect 

of expansion is difficult to quantify even with very elaborate finite element models because it is contingent 

on the modulus of deformation of the abutments which is highly variable. For this reason, the beneficial 

effects of expansion should not be relied upon in three dimensional stability analysis.  
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Loading Combinations 

The following loading conditions and requirements are suitable in general for gravity dams of 

moderate height. Loads which are not indicated, such as wave action, or any unusual loadings should be 

considered where applicable. 

 

Case I: Usual Loading Combination - Normal Operating Condition 

The reservoir elevation is at the normal power pool, as governed by the crest elevation of an 

overflow structure, or the top of the closed spillway gates whichever is greater. Normal tailwater is used. 

Horizontal silt pressure should also be considered, if applicable. 

Case II: Unusual Loading Combination - Flood Discharge Loading 

For high and significant hazard potential projects, the flood condition that results in reservoir and 

tailwater elevations which produce the lowest factor of safety should be used. Flood events up to and 

including the Inflow Design Flood, if appropriate, should be considered 

For dams having a low hazard potential, the project should be stable for floods up to and including 

the 100 year flood. 

Case IIA:  Unusual Loading Combination - Ice 

In a departure from the way the FERC has previously considered seismic loading, there is no longer any 

acceptance criteria for stability under earthquake loading. Factors of safety under earthquake loading 

will no longer be evaluated. Acceptance criteria is based on the dam's stability under post-earthquake 

static loading considering damage likely to result from the earthquake. The purpose of considering 

dynamic loading is to determine the damage that will be caused so that this damage can be accounted for 

in the subsequent post-earthquake static analysis. 

Factors to consider are as follows: 

a. Loss of cohesive bond in regions of seismically induced tensile stress. 

b. Degradation of friction angle due to earthquake induced movements or rocking. 

c. Increase in silt pressure and uplift due to liquefaction of reservoir silt.  

d. Recommended procedures for seismic analysis are presented. 

Soil Foundations 

Gravity dams constructed on soil foundations are usually relatively small structures which exert 

low bearing pressures upon the foundation. Large structures on soil foundations are usually supported 

by bearing or friction piles. Piles supported structures are addressed in Chapter 10 of these guidelines. 

When the foundation consists of pervious sands and gravels, such as alluvial deposits, two possible 

problems exist; one pertains to the amount of under seepage, and the other is concerned with the forces 

exerted by the seepage. Loss of water through under seepage may be of economic concern for a storage 

or hydroelectric dam but may not adversely affect the safety of the dam. However, adequate measures 

must be taken to ensure the safety of the dam against failure due to piping, regardless of the economic 

value of the seepage. 

One way to limit this type of material transport is to insure that the weighted creep ratio is greater than 

the minimum values shown in Table 3. The weighted creep ratio is defined as the total weighted creep 

distance Lw,  defined in section 2.4.4.1, divided by the head differential (HW-TW). 

Table 3. 1 7  

Minimum Weighted Creep Ratios, Cw for Various Soils 
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Very fine sand or silt 8.5 

Fine sand 7.0 

Medium sand 6.0 

Coarse sand 5.0 

Fine gravel 4. 

Some of the control measures which may be required may include some, all or various 

combinations of the following devices: 

 

a. Upstream apron, usually with cut offs at the upstream end. 

 

b. Downstream apron, with scour cut offs at the downstream end, and with or 

without filters and drains under the apron. 

 

c. Cutoffs at the upstream or downstream end or at both ends of the overflow 

section, with or without filters or drains under the section. 

 

Construction Materials 

 

General 

 

The compressive stresses in a concrete in a gravity dam are usually much lower than 

the compressive strength of the concrete. Therefore compressive strength is rarely an issue.  

 

Site Investigations 

 

During staff review of foundation investigation reports, staff geologists and soils 

engineers should be consulted concerning the adequacy of the data submitted with respect to 

defining the structural and geological capability of the foundation. Foundation borings and 

testing can be helpful in identification of weak zones in the foundation beneath the dam. In 

addition, construction photographs of the foundation during construction can provide 

valuable information on the characteristics of the dam/foundation interface and on the 

orientation of jointing.  

 

Durability 

 

The durability of concrete or RCC is influenced by the physical nature of the 

component parts, and although performance is largely influenced by mix proportions and 

degree of compaction, the aggregates constitute nearly 85 percent of the constituents in a 

mass concrete and good aggregates are essential for durable concrete. The environment in 

which the structure will exist must be considered in the mix design and in the evaluation of 

the suitability of aggregate sources proposed for use in the mix. Generally, the 
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environmental considerations which must be examined are: weathering due to freezing and 

thawing cycles; chemical attack from reactions between the elements in the concrete, 

exposure to acid waters, exposure to sulfates in water and leaching by mineral- free water; 

and erosion due to cavitation or the movement of abrasive material in flowing water. 

Preparation of foundation for dam construction 

A concrete gravity dam intended to be constructed across a river valley would usually be 

laid on the hard rock foundation below the normal river overburden which consists of sand, 

loose rocks and boulders. however at any foundation level the hard rock foundation, 

again, may not always be completely satisfactory all along the proposed foundation and 

abutment area, since locally there may be cracks and joints, some of these (called 

seams) being filed with poor quality crushed rock. Hence before the concreting takes 

place the entire foundation area is checked and in most cases strengthened artificially such 

that it is able to sustain the loads that would be imposed by the dam and the reservoir 

water, and the effect of water seeping into the foundations under pressure from the 

reservoir. 

Generally the quality of foundations for a gravity dam will improve with depth of 

excavation. Frequently the course of the river has been determined by geological faults or 

weaknesses. In a foundation of igneous rock, any fault or seam should be cleaned out and 

backfilled with concrete. A plug of concrete of depth twice the width of the seam would 

usually be adequate for structural support of the dam, so that depth of excavation. 

Improvement of the foundation for a dam may be effected by the following major ways: 

 Excavation of seams of decayed or weak rock by tunneling and backfilling with 

concrete. 

 Excavation of weak rock zones by mining methods from shafts sunk to the 

zone and backfilling the entire excavated region with concrete. 

 Excavation for and making a subterranean concrete cutoff walls across leakage 

channels in the dam foundation where the where the water channels are too 

large or too wet for mining or grouting 

 Grouting the foundation to increase its strength and to render it impervious. 

 

Grouting of the foundation of the dam to consolidate the entire foundation rock and 

consequently increasing its bearing strength is done by a method that is referred to as 

consolidation grouting. This is a low pressure grouting for which shallow holes are drilled 

through the foundation rock in a grid pattern. These holes are drilled to a depth ranging from 

3 to 6 m. Prior to the commencement of the grouting operation, the holes are thoroughly 

washed with alternate use of water and compressed air to remove all. 

loose material and drill cuttings. The grout hole are then tested with water  under 

pressure to obtain an idea of the tightness of the hole which is necessary to decide the 

consistency of the grout to be used and to locate the seams or other openings in the rock 

which are to be plugged . The grout is then injected with these holes at relatively low 

pressure which is usually less than about 390 KN/m². Since this is a low pressure grouting it is 
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accomplished before any concrete for the dam is laid. This grouting results in the 

consolidation of the foundation into more or less monolithic rock by bonding together the 

jointed or shattered rocks. Some of the recommendations for grouting under pressure in rock 

foundations have been taken from Bureau of Indian Standards code IS: 6066 – 1994 

Pressure grouti g of rock fou datio s i  river valley projects – reco e datio s . 
Gallery in Gravity Dams: 

The normal function of a gallery is to provide access for inspection purposes, to monitor the 

behaviour of the dam, and to carry out remedial work if required. It must therefore be of 

sufficient height to permit easy movement of personnel and minor equipment, commonly 

2.13m but varied to suit construction methods. The width is usually 1.5m but should be related 

to the function of the gallery. Wide opennings induce quite high local stresses with consequent 

cracking of the concrete. Spiral staircases can link other galleries, ventillation and pipes in 

quite a small shaft. 

Circular shafts are the most desirable, with a removable floor covering drainage, but it is 

harder and more expensive to form. Rectangular galleries require greater amounts of 

reinforcement. Galleries also should be well lit and ventillated. 
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We hope you find these notes useful. 

You can get previous year question papers at  

https://qp.rgpvnotes.in . 

 

If you have any queries or you want to submit your 

study notes please write us at 

rgpvnotes.in@gmail.com 
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