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Analysis and design of Concrete Dams

Classification of Dams

As per Water Resources Planning:
A Storage dams

1 Diversion dams

1 Detention dams

As per Hydraulic flow conditions:
A Overflow dam (Spillways)
1 Non-overflow dam



Analysis and Design of Concrete Dams

Classification of Concrete Dams :

1 Gravity dams
M Buttress dams
M Arch dams




EarthDams
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They are trapezoidal iIn
shape

Earthdamsare constructed
where the foundation or
the underlying material or
rocks are weak to support
the masonrydam or where
the suitable competent
rocksare at greaterdepth.

Earthendamsare relatively
smallerin height and broad
at the base

They are mainly built with
clay,sandand gravel,hence
they are also known as
Earth fill dam or Rockfill
dam
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Heel contactwith the groundonthe upstreamside
Toe contactonthe downstreamside

Abutment Sideof the valleyon whichthe structureof the damres

Galleries small rooms like structure left within the dam for checking
operations

Diversiontunnel Tunnelsare constructedfor diverting water before the
constructionof dam. Thishelpsin keepingthe river beddry.

Spillways It is the arrangementnear the top to releasethe excessvater
of the reservoirto downstreamside

Sluiceway. Anopeningin the dam nearthe groundlevel,whichis usedto
clearthe silt accumulationn the reservoirside



Gravity Dams:

®* Thesedams are heavy
and massive wall-like

Reservoir structuresof concretein

Force 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.
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Bhakra Dam is the
highest Concrete
Gravity dam in Asia
and Second Highest
In the world.

L

BhakraDamis across
river Sutle] In
HimachaPradesh

-

The construction of

this project was

started in the year

1948 and was

completedin 1963.

A It is 740 ft. high above the deepest foundation as straight concrete dam
being more than three times the height of Qutab Minatr.

A Length at top 518.16 m (1700 feet); Width at base 190.5 m (625 feet),
and at the top iIs 9.14 m (30 feet)




Buttress Dant

ButtressDamc Is a gravity
dam reinforced by
structuralsupports

Buttress - a support that
transmits a force from a
roof or wall to another
supportingstructure

This type of structure can be considered even if the
foundation rocks are little weaker




Arch dams

These type of dams are
concrete or masonry dams
which are curved or convex
upstreamin plan

Thisshapehelpsto transmitthe
major part of the water load to
the abutments

Arch dams are built across
narrow, deep river gorges, but
now Iin recent years they have
been consideredeven for little
wider valleys B




NOF Section of Concrete Dam
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1. Solid Gravity dams

This type of dam is the most rigid and requires
the least maintenance. It is adaptable to all
localities, but the height is governed by the
strength of the foundations. This type of dam
resists overturning moments of water pressure
by its weight alone.



2. Hollow Gravity Concrete Dam:

Hollow dams are constructed of reinforced
concrete

3. Buttress Dams:
These can be either Deck type with a RCC

Slab spanning between adjacent buttresses
or Multiple Arches supported on Butresses.



4. Arch Concrete Dams:

These Dams are curved in plan and resist the
water pressure partly by their weight and
partly by arch action, spanning to abutments,
and thus transferring a part of water thrust

to the abutments.



Arch dams are mainly of two
types

1. Single curvature arch dams, curved only in Plan

2. Double curvature arch dams, curved in plan as well
as in elevation.



GENERAL PLANNING



1. General dimensions and definitions

The difference Iin elevation between the top of the dam
and the deepest foundation/fresh rock level.

The difference In elevation between the maximum
controllable water surface and the lowest point of the
original streambed at the axis of the dam.



Length::
The distance measured along the axis of the dam at
the level of the top of the main body of the dam
from abutment contact to abutment contact
iIncluding the length of spillway if it lies wholly within
the dam.



An orthographic projection on a horizontal plane,
showing the main features of the dam and its
appurtenant works with respect to the topography.

A plan should be oriented so that the direction of
stream flow Is towards the top or towards the right of
the drawing.



A developed elevation of the intersection of a dam with the
original ground surface, rock surface or excavation surface
along the axis of the dam, the upstream face, the downstream
face or other designated location.

A vertical reference plane usually defined by the upstream edge
of the top of the dam.

A representation of a dam as it would appear if cut by a vertical
plane taken normal to the axis and is usually oriented with the
reservoir to the left.



U Data on local conditions will eventually relate to the design,
specifications and construction stages of a dam.

U Local conditions are needed to estimate construction costs,
and benefits when considering alternative designs and methods
of construction.

U Some of these local conditions will also be used to determine
the extent of the project designs, including such items as
access roads, bridges and construction camps.



U Approximate distance from the nearest rail road shipping
terminal to the structure site

U Local freight or, trucking facilities and rates

U Avallability of housing and other facilities in the nearest towns

U Avallability or, accessibility of public facilities or, utilities such
as water supply, sewage disposal, electric power for
construction purposes, telephone services etc.

U Local labour pool and general occupational fields existing In
the area Data required :



Data required are:
A general map locating the area within the State, together with district and

township lines.
AMap showing existing towns, highways, roads, railways and shipping points
AA vicinity map showing the following details:

- The structure site and alternate sites

- Stream gauging stations

- Existing man-made works affected by the proposed

development

- Locations of potential construction access roads, sites

for camps, permanent housing area and construction

I ES

- Sources of natural construction materials
ASite topography covering the area of dam, spillway, outlet works, diversion
works, construction access and other facilities



Hydrologic data: The hydrologic data required include the following:

X

Stream flow records, including daily discharges, monthly volumes and
momentary peaks

Stream flow and reservoir yield

Project water requirements, including allowances for irrigation and power,
conveyance losses, reuse of return flows, dead storage requirements for
power, recreation, fish, wildlife etc.

Flood studies including inflow design floods and construction period floods
Sedimentation and water quality studies including sediment
measurements, analysis of dissolved solids etc.

Data on ground water tables in the vicinity of the reservoir and dam site.
Water rights, including inter-state and international treaty effects.



Reservoir design data required for the design of dam and its appurtenant
works are:

Area i Capacity curves and/or tables

Topographic map of reservoir area

Geological information pertinent to reservoir tightness

Reservoir storage allocations and corresponding elevation

Required outlet capacities of respective reservoir water surfaces and sill
elevations etc.

Annual reservoir operation tables or charts

Method of reservoir operations for flood control, maximum permissible
releases consistent with safe channel capacity

8. Anticipated wave action, wind velocity, fetch etc.

9. Anticipated occurrence and amount of ice, floating debris etc.

10. Physical, economic or, legal limitations to max. reservoir water surface.
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Climate conditions at a site affect the design and construction of the dam as
the measures to be employed during construction to prevent cracking of
concrete are related to ambient temperatures at site.

The data on climate conditions considered as part of design data are :

Records of mean monthly maximum, mean monthly minimum and mean
monthly air temperatures at site

Daily maximum and minimum air temperatures

Daily maximum and minimum river water temperatures

Amount of annual variance in rainfall and snowfall

Wind velocities and prevailing direction



U Construction of a gravity dam requires availability of suitable aggregates
In sufficient quantity.

U Aggregates are usually processed from natural deposits of sand, gravel
and cobbles or, may be crushed from suitable rock.

U Data required on construction materials are:

- Sources of aggregate

- Water for construction purposes

- Results of sampling, testing and analysis of construction materials

- Information on potential sources of soils, sand and gravel to be
used for backfill, road surface, protection of slope etc.



Site selection:
The two most important considerations in selecting a dam site are:

U the site must be adequate to support the dam and appurtenant structures
U the area upstream of site must be suitable for a reservoir

Factors to be considered in selecting the best site out of several alternatives:

Topography : A narrow site to minimize amount of material the cost
Geology : Dam foundation should be free of major faults and shears
Appurtenant structures : Selecting a site that accommodate the
appurtenant structures better.

Local conditions : Sites requiring relocation of existing facilities like roads,
railway, power lines, canals increase overall cost.

Access: Difficult access will require construction of expensive roads, thus
Increasing the cost.



DESIGN PARAMETERS

1. Design Flood

X

X

Design Flood for a dam is decided as per 1S:11223
I Guidelines for fixation of spillway capacity.

As per the above code dams are classified
according to size by using Hydraulic head & the
gross storage behind them.

The overall size classification is greater of that
Indicated by either of the above two parameters



Classification of Dams

Classification | Gross Storage Head (m)
(MCum)

Small 0.5-10 7.5-12

Intermediate 10 - 60 12 - 30

Large Above 60 Above 30




1.1 Selection of Design Flood

The inflow design flood for safety of the dam is given by:-

Size of Dam Inflow Design Flood for
Safety of Dam

Small 100 year flood

Intermediate SPF

Large PMF




2. Parameters for Fixing Spillway Capacity &
EDA

1. Design Flood Hydrograph

2. Area Capacity curve of the Reservolir for
Flood Routing and fixing capacity of the
Spillway

3. Submergence Plan at FRL &MWL

4. Tail water Rating Curve for Design of EDA
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Rating Curve

—  Rating clrve

Stage (m, f)

o Measurment of stream stage and flow

Rating curve is a graph of
discharge versus stage for a given point
on a stream, usually at gaging stations,
where the stream discharge is measured
across the stream channel with a flow
meter. Numerous measurements @ of
stream discharge are made over a range
of stream stages. The rating curve IS
usually plotted as stage on x-axis versus
discharge on y-axis.!

The development of a rating curve
Involves two steps. In the first step the
relationship between stage and
discharge is established by measuring
the stage and corresponding discharge In
the river. And in the second part, stage Of
river is measured and discharge IS
calculated by using the relationship
established in the first part.



3. Foundation/ Geological investigations:

The purpose of a foundation investigation is to provide data
necessary to properly evaluate a foundation.

U Basic data to be obtained are:

- Dip, strike, thickness, composition and extent of faults and
shears

- Depth of overburden

- Depth of weathering

- Joint orientation and continuity

- Tests of foundation rock
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Jointed Faulted Rock at Dam site -
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» Reverse Fault




