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ABSTRACT 

        In this paper I came forward to show what are the importance of the water retained structures and helps in 

the development of the society. As these play a major role in the development there prevention also helps in 

development. So monitoring with the instruments helps majorly in assessing the failures of the structure. 

         The importance of monitoring programs for dam safety is widely accepted. A well designed and executed 

instrumentation monitoring program can provide information that is needed for a solid understanding of the 

ongoing performance of a dam and may help detect early warning signs of trouble. Monitoring programs, 

including instrumentation and visual inspection, provide dam owners with the knowledge that a dam is 

performing as expected and the ability to detect a change in performance. This knowledge and ability is critical 

because the dam owner is directly responsible for the consequences of a dam failure. Therefore, a good dam 

safety monitoring program should be a key part of every dam owner’s risk management program. 

This Paper addresses important topics with respect to the development and successful implementation 

of dam safety monitoring programs: 

• Why Include Instrumentation in Dam Monitoring Programs? 

• Routine Instrumented and Visual Monitoring of Dams Based on Potential Failure Modes Analysis  

• Development of a Dam Safety Instrumentation Program. 

• Operation and Maintenance of an Instrumentation Program. 

• Instrumentation Data Collection, Management and Analysis. 

Instrumentation provides data for monitoring the safe performance during the various phases of a dam’s life 

including design; construction; first filling of the reservoir; evaluation of long-term, in-service performance 

(normal operation); and to manage or predict unsatisfactory performance. Installation of instrumentation 

typically occurs 1) during construction to monitor short and long term behavior and verify design assumptions; 

and 2) during the life of the dam to address new or changing conditions such as seepage. 

 Based on the collected data from the instruments analysis of the failures of the Structures in different 

aspects and helps in the monitoring and maintenance of the structure during the age of the structure. A well 

designed and executed instrumentation monitoring program can provide information that is needed for a solid 

understanding of the ongoing performance of a dam and may help detect early warning signs of trouble. 
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1. INTRODUCTION 

1.1 Water Retained Structures 

One of the purposes of retaining structures is 

to create large bodies of water, or reservoirs that 

have a variety of functions, including land 

irrigation, power generation, water supply and 

flood control. 

The retaining structures used to build 

reservoirs are called dams and dikes. A dam is built  

 

 

 

on the riverbed; it serves to hold back water 

and raise the water level of the resulting reservoir. 

Dikes are often built to increase a dam's 

effectiveness by preventing water from leaving the 

reservoir through secondary valleys. 

1.2 TYPES OF WATER RETAINED 

STRUCTURES 
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A. Earth fills Dam: 

Earth dams have been built since the early 

days of civilization. They are constructed mainly 

from earth/soil. A dam is considered an earth fill 

dam when more than half its fill volume is 

composed of compacted fine materials. 

The building of such a dam is dependent on 

the availability of raw materials. 

 

Fig: 1 Earth Fill Dam 

B. Rock fill Dam: 

It is the type of embankment dam which uses 

various sizes of materials to provide stability. It 

also has impervious membrane on upstream face to 

provide water tightness. Impervious membrane is 

usually made of concrete. Rock fill dam is 

preferred when plenty of rocks are available from 

nearby quarry. 

Rock fill dams require foundation which will 

result in a minimum settlement. The foundation 

should be free from all foreign materials like silt, 

clay, sand etc. The Upstream and downstream sloes 

of a rock fill dams depend on the type of 

impervious membrane and its location. They are 

cheaper than concrete dam and can be built rapidly 

if proper rock is available. 

 

Fig: 2 Rock Fill Dam 

C. Gravity Dams: 

These dams are heavy and massive wall-like 

structures of concrete in which the Whole weight 

acts vertically downwards. As the entire load is 

transmitted on the small area of foundation, such 

dams are constructed where rocks are   Competent 

and stable. The structure in which it is designed 

such a way that its   own weight resists the external 

forces acting on it. 

 

Fig: 3 Gravity Dam 

 

D. Arch Dams: 

Arch Dams are curved in plan and carry most 

of the water thrust horizontally to the side 

abutments by arch action. A certain percentage of 

water loads is vertically transited to the foundation 

by cantilever action. These are mainly suitable for 

narrow valley sections with rock abutments and 

were sites having weak underlying soil foundation. 

The carried loads in arch dams increase with the 

curvature. These are thinner in dimensions than all 

other types. Mass volume of arch dam material 

=1/6 th of gravity dam. 

 

Fig: 4 Arch Dam 

E. Buttress Dam: 

It is a gravity dam reinforced by structural 

supports. In general Buttress is a support that 

transmits a force from a roof or wall to another 

supporting structure. This type of structures can be 

considered if foundation rocks are little weaker. 

Buttress dams are similar to gravity dams, but the 

buttresses at the front of the dam take weight of the 

water. 
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1.3 FAILURES OF WATER RETAINED 

STRUCTURES 

In General the failures of water retained 

structures are classified into different types based 

on the mode of failure. They are: 

 

Hydraulic failures (up to 40%) 

• Overtopping –This type of failure occurs when 

the design level of the structure is under 

estimated. 

 
Fig: 5 Overtopping Failure 

• Erosion of Upstream face – This is because of 

the wave action and height of the water stored 

plays a major role in the wave action on u/s 

face of the structure. 

• .Cracking in upper portion of the dam due to 

frost action for a additional free board 

allowance up to 1.5m. 

• Erosion of Downstream face – This type of 

failure is due to rain action, it is prevented by 

maintaining proper berms and grass over the 

slopped portion on the D/S face. 

Seepage failures (up to 30%) 

• Uncontrolled seepage – It is caused by 

scouring through downstream wet zones and 

needs adequate filters. 

• Piping – It is the major cause for the seepage 

failure. The seepage through the foundation of 

the dam- either prevention or control of 

percolation may cause dam subsidence.    

                                                                  

 

Fig: 6 Seepage Failures 

Structural failures (up to 25% 

• Foundation slide: When the foundation of an 

earth fill dam is composed of fine silt, clay, or 

similar soft soil, the whole dam may slide due 

to water thrust. If seams of fissured rocks, such 

as soft clay, or shale exist below the 

foundation, the side thrust of the water 

pressure may shear the whole dam and cause 

its failure. In such failure the top of the dam 

gets cracked and subsides, the lower slopes 

moves outward and forms large mud waves 

near the dam heel. 

• Sliding of slopes on both u/s and d/s faces. 

 

 
Fig: 7 Sliding Failure 

 

2. REVIEW OF LITERATURE: 

2.1 Analytical Studies: 

The instrumentation installed at Maroon 

Dam comprises 55 hydraulic and 10 vibrating wire 

piezometers, 6 inclinometers, 3 electric settlement 

installations, 7 V-Notch weirs, and 47 surface 

movement stations. During recent investigations, 

Seawater installed a further 4 inclinometers to 

improve the understanding of embankment 

performance. 
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Fig: 8 showing the layout of instruments 

The data from the piezometers at each 

location of the embankment was used to predict the 

increase in foundation and embankment pressures 

for reservoir levels up to the highest design level. 

Analysis of the inclinometer data showed 

that the embankment was performing as expected 

with the exception of inclinometer IN07 located on 

the right abutment. This instrument showed a 

significant downstream movement from a depth of 

about 11 m to the surface in 1975, after which the 

movement was negligible or non-existent below 

about 2 m. It was confirmed using test pitting in the 

vicinity of the inclinometer that the movement in 

the upper 2 m was occurring within the soils in the 

upper profile. 

The settlement data from ongoing 

monitoring indicated that the dam is performing 

satisfactorily with the exception of two points. 

These are located on the downstream berm along 

the alignment of the outlet conduit. Significantly 

higher settlements have been observed for these 

survey points compared with the remainder. This is 

believed to be associated with reduced compaction 

of the fill adjacent to the right side of the outlet 

conduit during construction. 

The seepage records generally showed 

linear trends of increasing seepage with elevated 

reservoir levels, with the exception of VNB located 

on the right abutment. VNB drains the pressure 

relief holes between about EL 180 m and EL 195 

m. As can be seen from this figure, there is a 

change in the trend line for reservoir levels above 

EL 200 m. This is likely to be associated with 

highly fractured dolerite in this area. 

 

Fig: 9 Graph showing the reservoir level vs. Seepage 

2.2 Analytical Studies: 

This is a standard procedure adopted in 

structural dynamics and details can be found in 

standard text books. The method assumes a linear‐

elastic material behavior and is susceptible to 

generation of local elevated stress levels at severe 

physical discontinuities. Before carrying out time 

history analysis, a static loading is imposed on the 

structure. The natural frequencies and vibration 

mode shapes of the dam, foundation, reservoir 

system are also determined. From natural 

frequency, the time period of the dam is 

determined. The entire dynamic response history is 

obtained and the maximum displacements and 

dynamic stresses are determined at each time step 

are analyzed. 

The 3D model is subjected to two 

orthogonal components and one vertical component 

of ground motion, which are applied 

simultaneously in each direction. The critical 

directions are assumed to be the upstream, 

downstream and cross stream directions. 

The analysis is carried out under the 

combination of three components of earthquakes as 

per clause no 6.3.4 of IS: 1893 (2001) where, x ,y 

& z represent horizontal direction, vertical & cross 

canyon directions respectively as given below: 

In the dynamic analysis it is assumed that 

the rock foundation is massless. A massless 

foundation does not modify the properties of the 

seismic waves travelling throughout the foundation 

(Zienkiewicks et al. 1984).The wave propagation in 

massless foundations is allowed to travel at an 

infinite speed, thus allowing the input motion to be 

transferred instantaneously through the foundation 

to the Dam‐foundation interface. This is preferred 

in the analysis of seismic loading as the motions at 

the interface would be identical to the inputs 

(Chuhan et al. 2009). 

3. MATERIAL AND METHODOLOGY 

3.1 Practical Approach of Instrument  

Instrumentation in dam is necessary for 

verification of design assumptions, construction 

technique & modifies design. Data collected from 

instrument can be extremely valuable in 

determination of specific cause of failure. By 

instrumentation constant watch over the 

performance of the structure during service & 

obtain timely warnings in respect of distress spots. 
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Safety in dam can be assist by instrumentation. 

Recent dam failures in various part of world inspire 

significant interest in monitoring various 

parameters as a means for ensuring adequate 

margin of safety. As per IS specification basic 

parameters like pore pressure, displacement, 

seepage, strains, stresses, dynamic load, uplift 

pressure, temperature can study with the help of 

instrumentation.  

In India there are about 4291 large dams. 

Out of these 1529 dams are in Maharashtra. There 

are about 40 Dams are instrumented. The 

approximate cost of these instruments worked out 

to 1% of total construction cost. In unusual 

circumstances it may be 2to 3%. 

In the case of the practical approach of the 

instrumentation over a structure there are different 

aspects considered in the finalizing the location of 

the instruments and the blocks to be adopted for the 

instrumentation for the spillway of Polavaram 

Irrigation Project. Mainly the instrumentation 

blocks were selected based on the mode of the 

foundation level so that there are different 

foundation depths in this structure based on the 

strata available at the field. 

For this structure Blocks- 4,26 & 40. 

Among these block - 4& 40 blocks the foundation 

level will be at +10.00m and block– 26 resides at a 

foundation level of -18.50m. 

3.2 Design followed for the Instrumentation: 

     A Team from CWPRS, Pune had inspected the 

Polavaram Irrigation Project site for testing of 

instrumentation and installation at the Dam. Based 

on the discussions held at the project site, some 

observations were made by CWPRS and were 

communicated to the working site. In this 

connection, they informed that the drawings of the 

instrumentation in the spillway block nos 4, 26, 40 

have already been approved and communicated by 

CWC, Delhi. The Instrumentation had been 

adopted as per the BIS Codal provisions.  

Based on the Minutes of meeting held with the 

Dam Design and Review Pannel (DDRP), there 

were certain modification in the instrumentation 

drawings. 

 
Fig: 10 Plan and Section of Spillway showing the 

instrumentation blocks 

 

 
Fig: 11 Section of Spillway showing the 

instrumentation for block nos- 4&40 

 

 
Fig: 12 Section of Spillway showing the 

instrumentation for block no- 26 

3.3 Maintenance and Calibration: 

A routine of regular maintenance of 

instruments, readout devices, and field terminals 

should be established. For many instruments, 

manufacturers will suggest maintenance procedures 

and schedules that should be followed unless there 

is adequate justification to alter them. 

Periodic calibration of all instruments is 

necessary to provide accurate data. Detailed 

measurements and careful evaluation of data has 

little value, and may be misleading, if the data are 

inaccurate. The nature and frequency of calibration 

depends on the specifics of the instrumentation and 

should be developed on a case-by-case basis. 

Instruments that are suspected to be malfunctioning 

should be tested to evaluate whether or not they are 
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functioning properly. if the responsible engineer 

determines that an instrument no longer provides 

useful or meaningful information. 

Monitoring Schedules:  

Typical monitoring schedules are 

discussed in this section. The schedules are 

considered to be generally applicable for all 

significant and high-hazard dams; however, since 

each dam is unique, the schedules should be 

applied using engineering judgment and common 

sense. For example, more frequent readings of 

reservoir level should be taken at pumped storage 

projects. Table summarizes typical frequencies of 

measurements for various stages in the life of a 

dam. Specific monitoring schedules should be 

developed on a case by-case basis. 

The types of measurements listed in Table 

are the same as used for minimum instrumentation. 

Visual observation is listed as a type of 

measurement to emphasize its importance. 

Frequent visual observation by trained personnel 

will often detect unusual conditions, such as 

increased seepage, or cloudy seepage, or large 

movements, before instrumentation readings taken 

at widely spaced points and at long intervals would 

reveal such conditions or where no instrumentation 

exists. 

During construction, the dam and 

foundation are adjusting to such factors as self-

weight, thermal loads, seepage, and any unusual 

conditions. Measurements should be taken 

frequently to allow construction operations to be 

adjusted to changing conditions. Less frequent 

measurements may be appropriate during 

construction shutdowns. 

During first filling, the dam and 

foundation are adjusting to the reservoir load. 

Monitoring frequencies should depend, in part, on 

the rate of filling. In the first few years of operation 

following first filling most dams have not reached 

equilibrium with respect to self-weight, concrete 

thermal load, reservoir load, seepage forces, and 

pore pressure/uplift. Measurements should be taken 

frequently because most dam failures and incidents 

occur during these periods. 

Even though existing dams have generally 

reached equilibrium with imposed loads, baseline 

data must be obtained to compare with subsequent 

measurements. Therefore, the frequency of 

measurements shown for first, second, and third 

years apply to new instrumentation installed at 

existing dams. 

After a dam has substantially adjusted to 

imposed loads, the frequency of readings can be 

reduced to that shown in Table. Further reduction 

of frequency may be justified in some cases. For 

example, after surface settlement of an 

embankment dam has ceased or become very 

small, surveys every 2 to 5 years may be adequate. 

The frequency of measurements shown in the table 

for long-term operation assumes that the 

performance of the project is satisfactory. 

More frequent measurements than shown 

in the table should be made whenever an unusual 

situation develops or whenever they will help to 

resolve a dam safety concern. For example, when 

the reservoir is abnormally raised or lowered 

(whether for a specific reason or because of flood 

surcharge), frequent readings during the raising or 

lowering should be made, plotted, and compared to 

expected behavior in order to identify any 

potentially unusual behavior. Examples of other 

situations requiring more frequent measurements 

include sustained high reservoir levels, 

earthquakes, unusual movements, abnormal 

measurements, threshold measurements exceeded, 

new cracks, new seeps, and new leaks. Following 

resolution of the problem or concern, 

measurements should return to the normal 

schedule. 
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Table Showing the Monitoring schedules of Dam 

Type of 

Measurement 

Frequency of Measurements 

Constructi

on 

First 

Filling 

First Year 

After Filling 

Second and 

third Years 

Long Term 

Operation 

VISUAL 

OBSERVATI

ON 

  Daily Daily Weekly Monthly Monthly 

RESERVOIR 

LEVEL 
  

Daily to 

weekly 

Semi-monthly 

and  at same 

time as any 

other 

measurements 

Monthly and  

at same time 

as any other 

measurement

s 

Monthly to 

quarterly and  

at same time as 

any other 

measurements 

TAIL 

WATER 

LEVEL 

  Weekly 

Semi-monthly 

and  at same 

time as any 

other 

measurements 

Monthly and  

at same time 

as any other 

measurement

s 

Monthly to 

quarterly and  

at same time as 

any other 

measurements 

DRAIN 

FLOW 
  

Daily to 

weekly 

Weekly to 

Monthly 
Monthly 

Monthly to 

quarterly 

SEEPAGE/ 

LEAKAGE 

FLOW 

Monthly 
Daily to 

weekly 

Weekly to 

Monthly 
Monthly 

Monthly to 

quarterly 

PORE 

PRESSURE/ 

UPLIFT 

Daily to 

weekly 

Daily to 

weekly 
Monthly Monthly 

Monthly to 

quarterly 

SURFACE 

SETTLEMEN

T 

  Monthly Quarterly 

Semi-

annually to 

annually 

Semi-annually 

to annually 

SURFACE 

ALIGNMEN

T 

  
Daily to 

Monthly 
Quarterly 

Semi-

annually to 

annually 

Semi-annually 

to annually 

INTERNAL 

MOVEMENT 
  

Weekly 

to 

Monthly 

Monthly to 

quarterly 

Monthly to 

Semi-

annually  

Monthly to 

annually  

JOINT/ 

CRACK 

DISPLACEM

ENT 

  

Weekly 

to 

Monthly 

Monthly to 

quarterly 

Monthly to 

Semi-

annually  

Monthly to 

annually  

FOUNDATIO

N 

MOVEMENT 

Weekly 

Weekly 

to 

Monthly 

Quarterly 
 Semi-

annually  

Monthly to 

Semi-annually  

TEMPERAT

URE 

Hour to 

Weekly 
Weekly 

 Semi-

annually  
Monthly 

Typically not 

required 
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4. CONCLUSION 

4.1 Observations: 

The behavior of the different types of 

instruments embedded in the structure varies with 

the daily variations of the temperature, and stresses 

developed in the concrete, displacement of the 

block with respect to adjacent blocks. Seismic 

instrumentation forms an integral aspect of 

investigation, planning, design and operation. 

Collection of data and monitoring in advance of 

design – stage and also during the operation of 

reservoir. 

Conclusions: 

• The purpose of the instrumentation program 

and underlying geotechnical and structural 

problems that create the need for 

instrumentation must be clearly defined. 

• The instrumentation program must be so 

comprehensive and carefully planned to 

include measurements of all the quantities 

which are essential in the problem to be 

studied. 

• The data collected must be reduced to a 

convenient form and the results must be 

available to the concerning authorities without 

unnecessary delay. 

• There should be close co-operation between 

the designers, instrumentation specialist, 

expert analysis and site authorities to achieve 

the goal of instrumentation. 

•  We can obtain real significance of various 

parameters used in a design and thereby 

modify procedure and criteria leading to 

increase the economy and safety.  

• We can obtain constant watch over the 

performance of the structure and timely 

warnings we can save life of many peoples, 

farms and various structures in city.  
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