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DESIGN NOTE ON
FLOOD PROTECTION WALL

1.0 INTRODUCTION

Floods are recurrent phenomena in India and also in Maharashtra from time
immemorial. Almost every year floods of varying magnitude affect some parts of
the Maharashtra or the other. Different Districts of the States have different
climates and rainfall patterns and as such it is also experienced that while some
parts are suffering under devastating floods, another part is suffering under
drought.

With the increase in population and developmental activities, there has
been a tendency to occupy the floodplains, which has often resulted in serious
flood damages and loss of lives over the years. Because of the varying rainfall
distribution, many a times, some areas, which are not traditionally prone to

floods, also experience severe inundation,

Different measures have been adopted to reduce the flood/erosion
losses and protect the flood plains. Depending upon manner in which they work,
flood protection and flood management measures may be adopted.

2.0 FLOOD MANAGEMENT WORKS

The frequency and intensity of floods have grown in India and also
in Maharashtra over the years primarily because of the increased encroachment
in flood plains and climate change.

These trends demand better preparedness at local levels to make sure
that appropriate and effective response measures are taken during flood
emergency to minimize the loss of life and property. Several measures aiming to
reduce the risk of flooding by managing land, rivers, coasta! systems and flood
defences.

While we do everything to reduce the chance of flooding, one should

always be cautious that it is a natural process and can_never be completely

eliminated.
Flood management activities can be broadly classified into four major

groups:




l. Attempts to modify the flood
II. Attempts to modify the susceptibility to flood damage

[ll. Attempts to modify the loss burden
IV. Bearing the loss

The flood protection systems can be briefly classified as below: -

Flood protection

measures
[ 1
Pre flood Post flood Emergency
measures measures protection work

Structural
measures

|| Non-structural
measures

Broadly, all measures taken up under the activity of “Modifving the flood”

which are in the nature of physical measures are “Structural measures”, while

the others which are taken up as management tools without major construction

activity are grouped as “Non-structural measures”.

It is also important to consider the pre flood measures, aiming at

reducing flood risks in the long term.

it could be a single measure or a combined measure which needs

to be selected based on its suitability.

a. Flood conveyance structures designed to route flood waters away from
areas of flooding risk via natural or artificial channels.

b. Flood storage structures that reduce the peak flood flows- Dams,

reservoirs, check dams etc.

c. Flood defence and mitigation structures- levees, flood embankments,

gryones, spurs, check dams etc.




d. Urban drainage system that increase infiltration

e. Ecosystem management includes utilizing wet lands, creating

environmental buffers

2.1 The Non-structural methods: -
The Non-structural methods to mitigate the flood damages are as under:

« Flood Plain Zoning;
= Flood Forecasting and Flood Warning;
¢ Flood Proofing; and

« Living with Floods.

2.2 Structural measures: -

The general approach to tackle the problem of floods in the past has
been in the form of physical measures with a view to prevent the flood waters
from reaching potential damage centres. This approach had been extensively
adopted in the Godavari, Krishna and Cauvery Deltas in South India and also
in some areas of Indo-Gagnetic plain.

The main thrust of the flood protection programme undertaken in

India so far has been in the nature of taking structural measures like:
A. Embankments, flood walls and sea walils
B. Dams and reservoirs
C. Natural detention basin
D. Channel improvement
E. Drainage improvement
F. Diversion of flood waters

The details of this note deals with the above mentioned topic ‘A’
Embankment, Flood walls etc. each is described in brief as foliows: -




1) Embankments/Levees/Dykes
Alevee is a natural or artificial embankment or dike (Figs. 1, 2 & 3 ), usually

earthen, extending parallel to the river channel aligned on high ridge of natural
banks of river. Embankments or bunds are type of embankment built behind the
existing flood embankment as second line of defence or replacement of
damaged bund/ embankment. These can also be built to contain river spill
generated by rising of water level at barrage or bridge. Planning, design,
construction and maintenance details shall be made according to 1S 12084:
2000( Guidelines_for planning and design of river embankments {levees), IS
11532:1995( Re_affirmed 2001)_Construction and maintenance. of River

Embankments {Levees)- Guidelines.

The core of the structures may be made of earth material, boulders
or IRC:SP:113-2018 using geosystems like geotextile tubes, geotextile bags,
and geocomposite bags. Existing embankments made of soil or earthen material
can be reinforced in many ways to prevent them from breaching. One popular
method is to strengthen the inner slope and crest with bio engineering measures
using biodegradable and geo-synthetic mats, geo-synthetic wire mesh or an

open concrete-hlock system.

Floodplain

- hn b ga et e ~ on-v-;‘!l:fp“p‘-
uhwmﬂpnmg-nﬂ—g ...'. *;'i.‘u.o ot i gt ity S et et ooy
o—_\lug”-—r—rﬂ'rt - - e : -—c l—l'—-——-i-ql—;—
‘——‘-—4. Leyeg,s-_.

Figure 1 Embankments/ Levees/ Dikes
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2) GUIDE BUNDS (IS 10751-1984)

Rivers in flood plains submerge very large areas during flood
periods. Naturally when some structures (for example, bridge, weir, etc.) are o
be constructed across a river, it is very expensive to construct the work
spanning whole width of the river and it is necessary to restrict its course to
remain flowing centrally through the barrage, weir or a bridge placed across
that river. Some training works such as guide bunds (Fig.4) may be
constructed to confine the flow of water within a waterway for economical
purposes. There shall be no spurs projecting from the guide bund as the spurs
produce swirls. The guide banks guide the river flow past a bridge or any other
hydraulic structure without causing damage to the work and its approaches.
They extend both upstream and downstream of the abutments of the hydraulic
structure. The guide banks may be provided on either side of the hydraulic
structure or on one side as required. For details on planning and design of
guide bunds 1S 10751 { Re affirmed 2001) “indian Standard PLANNING AND DESIGN
OF GUIDEBANKS FOR ALLUVIAL RIVERS-GUIDELINES” shall be referred.

Figure 4 River Training Works- Guide Bund

3) TRANSVERSE STRUCTURES - GROYNES/SPURS

Groyne is a rigid hydraulic structure built from an ocean shore or from
a bank (rivers) that interrupts water flow and limits the movement of sediment
(Figs. 5& 6 ). Groynes are constructed transverse to the direction of river flow
extending from the bank into the river. This form of river training works perform
one or more functions such as training the river along the desired course to




reduce the concentration of flow at the point of attack, creating a slack flow for
silting up the area in the vicinity and protecting the bank by keeping the flow
away from it. It is most common method of countering lateral erosion on outer
bank, extending into the streams, which are keyed into or supported by the

bank preventing or minimizing erosion

Figure 6 Groynes made of single Geotextile Tube

Thus above mentioned measures are to be commonly adopted for flood

protection.
NEED OF FLOOD PROTECTION WALL :-

However wherever there are exireme possibility of loss of precious
human lives, cattle and damage to public and private property which may create
a sense of insecurity and fear in the minds of people living in the flood plains,

the option of Flood protection wall can form a choice.




Ancient civilisation was settled along banks of river. River banks were first
choice for civilisation as they provided uninterrupted supply of drinking water and
made land fertile for growing crops, fishing etc, so the small hamlets are
developed into the major towns, River widths are narrowed in the city areas and
banks of the river became much steeper (Almost vertical} in due course of time,
As there is less space available for revetment in such cases a vertical retaining
walls are required to be constructed.

In developed areas where adequate space is not available or land is
very expensive, concrete or masonry floodwalls are constructed.

4) FLOOD PROTECTION WALL

A flood wall is a primarily vertical artificial barrier designed to
temporarily contain the waters of a river or other waterway which may rise to

unusual levels during seasonal or extreme weather events.

Flood walls are mainly used on locations where these is scarcity of available
land such as cities or where building levees or (dykes) would interfere with other
interests, such as existing roads, historical architecture or commercial use of

embankments.

Flood protection walls can be built with rigid steel sheets (Fig. 7), masonry walls
(Fig. 8), cement concrete or using gabions.

Gabions also have advantages over more rigid structures because they can
conform to ground movement, dissipate energy from flowing water, and drain
freely. Their strength and effectiveness increase with time as siit and vegetation
fill the interstitial voids and reinforce the structure.

Flood walls often have floodgates which are large openings to provide passage
except during periods of flooding, when they are closed.




Figure 8 Flood Wall/ Barrier- Masonry Wall
5) SLOPE PROTECTION WORKS

Following types of Slope protection works options are available: -

1) With Soil Bank

Embankments are the oldest known forms of flood protection works and
have been used extensively for this purpose. These serve to prevent
inundation, when the stream spills over its natural section, and safeguard
lands, villages and other property against damages. BIS code 12094: 200
“Guidelines for Planning and Design of River Embankments” stipulates the data
required for planning of an embankment. BIS code 12094: 2000 is used for
design of the embankment.




2) With Pitching

Banks may be protected by pitching using stone/boulders, concrete blocks,
sand filled Geo bags/Geo-matiress. The bank pitching is provided along
with the launching apron to prevent the scouring under the water and the
consequent fall of pitching. IS code 14262:1995 (Reaffirmed 2001) is used
for planning and design of revetment used for embankments and bank

protection.

3) With Gabion Mattress Lining

A Gabion mat or basket is a structure made of zinc coated soft temper steel
in a shape of hexagonal double twisted wire mesh filled with stones. A
gabion mattress has a height between 0.17m to 0.50m. To stabilize the
Gabion mattress on slope areas, a launching apron is commonly used. A
launching apron has a similar shape as the gabion mattress that is made of
a flexible double twisted mesh wire and filled with stones.

4) Geotextile—-The geotextiles used in bank protection serve as a filter.
a) Geotextile Liner
b) Geotextile Bag lining
c) Grout Filled Matiresses etc.
The details are given as below:-
Option 1:
Gabion Matftress Lining on Bed and Bank for River:

The erosion of river banks can be controlled by providing gabion mattress along the
bank and bed (Fig. 9). This lining of banks prevents the surface erosion of banks
and apron on the river bed prevents the failure of river banks due to scouring. Also,
the section can be increased by cutting the bank on both sides and extending the

banks to some extent.

In case of steep slopes there is a possibility for sliding of revetment material due to
its dead weight : in such cases anchoring on the top of bank slope shall be provided

10




However , provision of anchoring on the top is subject to careful installation as
otherwise excavations may destabilize the bank slopes.

Gabion mattress shall be filled with stones or geotextiles bags depending on the
availability of fill material, durability requirements etc. The details are given in figure

below.

Gabion Matress .\

Waler level

Non Woven
(Geotextile

Figure 9 Bank Protection using Gabion Mattress

Option 2 -
Gabion Lining on Bank using Gabion Mattress and Scour Filling :

Gabion mattress and Gabion lining founded on dumped loose rock or stone filled
sack gabions at the toe above poor bed material and to fill the existing scour holes
(Fig. 10). Gabion mattress and cylindrical gabions shall be filled with stones or
geotextile bags depending on the availability of fill material, durability requirements

etc.

(Gabion Mattress e

\ Geotextile

Figure 10 Bank Protection using Gabion Mattress and Gabion Wall
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Option 3:

Geotextile Bag Lining for Bank Protection Geotextile bags are used for erosion
control at river banks where scarcity of rock presents ( Fig. 11 ). Itis also used in
highly contaminated water and shall be provided for significant flow veloc'ity.
However, suitable bag dimensions and geotextile material shall be selected based
on the flow conditions.

HFL Geotextila >— T — _I
LY Bags . o e e ]

LWL
AV

Tow Protection —.

Retalned Soil

A
K

Apron Length

Figure 11 Bank Protection using Geotextile Bag/ Cylindrical Gabions

Option 4: Cylindrical Gabions:

The cylindrical Gabions are another alternative which can be used in
case of emergency works, filling of scour holes and immediate dumping on river
bank toes in order to control the damage. These cylindrical gabions can be
aither filled with stones or lined with Geotextile material and filled with sand.
These are used for preparation of foundation base for the structures, which are
not easily accessible and most of the times underwater. The containment
system comes handy where the flow is turbulent and need to heavy mass blocks
to sustain the impacts of flow. The geotextile lined sand filled containment units
shall be used in places where availability of stone is scarce, where sand is
available for filling. This system works as a composite system and helps in the
areas where velocity of water is relatively high and Geotextile bags alone would
not be able to withstand the shear stresses induced by the water on the system

components.

5) Wooden Pile Fence

6) Congcrete Lining.
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2.3 Selection Of Gabion Wall :-
There are many types of slope protection work as shown in the Table,

The type of slope protection work_at the site shall be selected based on the

a) Design velocity

b) Slope

¢) Availability of construction materials near the site.
d) Ease of construction works and economy, etc.

When there are constraints due fo the required boulder
stones, during flood and the slope of the bank combination of the slope

covering works shall be considered.

Table 1 Slope Protection Works

S. | Type of Protection | Dosign Slope Romarks
Nao. Work Velocity {H:V)
{mis)
1 | Sodded Riverbank <2.0 <2:1 |Not applicable for places near roads
with Pile Fence and houses.

Dlameter and length of wooden pile
shall ba determined considering past
construction records.

Diameter of fill boulder shall be

determined
2 |Dry Boulder Riprap <3.0 < 2:1 {|Dlameterof boulder shall be determined.
Height shall not exceed 3 meters.
3 | Grouted Riprap <5.0 <15:1 |Use Class "A" boulders for grouled
{Spread Type) riprap and loose boulder apron.
4 | Grouted Riprap <5.0 1.5: 1to{Use Class "A" boulders for grouled
{Wall Type) 0.5: 1 riprap and loose boulder apron.
5 | Gabion <6.0 < 1.5:1 {Advisable in case of high velocities
{Spread Type) where boulder riprap may fail.

Economical where stones are cosily.

6 | Gabion{Pile-up type) <8.0 1.5: 1 to {Advisahle in case of high velocitles
0.5 1 where boulder riprap may fail.

Econamical where stones are costly.
7 |Reinforced Concrete >G.0 Minimum thickness of 20 em.

Not {easible to construct underwater

The suitable type shall be included as per FHWA Guidelines.
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3.0 FLOOD CONTROL DESIGN GUIDELINES AND STRUCTURAL

METHODS:
3.1 Desiagn of the Flood Embankment/Levees/Dikes/Road Embankments

Embankments near flood prone water bodies are special in the sense

that, besides being safe against the various anticipated modes of failure, they
must be strong enough to resist the attack of flood waters.

3.1.1 Design of New Embankments

When it comes to the planning, design and construction of new
embankments, the options could be many in terms of the choice of
materials, construction procedures and technology.

The design of new embankments for protection against floods
must not only be safe against all possible modes of failure but its dike
alignment should avoid unstable peat, muck, weak subsoil and loose sand
foundation to prevent settlements, flow and liquefaction. The weak strata
may need to be treated, if avoidance is not possible.

The design considerations include: -

a) selection of the Embankment height,

b) Design High Flood Level (HFL),

c) Free Board, Top width,

d) Slope and Berm designs and

e) Analysis of stability

Height shall be based on design flood level plus the required free board.
Freeboard is defined as the margin from design flood level up to the
elevation of the dike crest. It is the margin of the height which does not
allow overflow. According to the aforesaid guidelines, the freeboard shall
be based on the design flood discharge (It varies between 0.6m and 2.0
m) which shall not be less than the value given in Table 2 below.

14



Table 2 Minimum Required Free Board

Design flood discharge Q (cum/sec) Freeboard (m)
Less than 200 06
200 and up to 500 0.8
500 and up to 2,000 1.0
2,000 and up to 5,000 12
5,000 and up to 10,000 1.5
10,000 and over 2.0

b) When the land-side ground level is higher than the design flood level, the
crest width shall be 3 m or more regardless of the design flood discharge.
Crest width shall be designed for multi-purpose use, such as for patrolling
during floods and in the execution of emergency flood prevention works,
Table 3.0.

Table 3 Minimum Crest Width of Dyke

Design flood discharge Q(cum/sec} Crest Width (m)
Less than 500 3.0
500 and up to 2,000 4.0
2,000 and up to 5,000 5.0
5,000 and up to 10,000 6.0
10,000 and over 7.0

c) The approximate line of seepage (phreatic surface) in the cross-section of
the proposed embankment should be known. It mainly depends upon the
soils which are to be used in construction of the embankment.

Table 4 Hydraulic Gradient for Different Fill Materials

Type of Fill Hydraulic Gradient
Clayey Sail 1in4
Clayey Sand 1in5
Sandy Soil 1ind

d) Slope design, whether on the river side or the country side is an important
and complex matter because on it depends the embankment stability. Side
slope design presupposes the knowledge of elements such as

(a) Nature of the material of which the embankment is constructed
15




(b) Method of construction
(c) Height of embankment and

(d) Duration, to which the embankment is exposed to the wave actions. The
river side slope should be flatter than the, angle of repose of the material

used in the fill as suggested in Table 5. This is to be further validated by

stability analysis.

Table 5 Height of Embankment

Height of the Embankment | Recommended River Side Slope
Upto4.5m 1in2
>4.85m 1in3

Mattress Geotextile Bags, Concrete Pitching using concrete blocks, Geotextile
Mattress filled with sand.

The general Guidelines. for the country side slope are as given in Table 6:-

Table 6 River side slope

Height of the Embankment |Recommended River Side Slope
Upto4.5m 1 in 2 with berm of suitable width
>4.5m 1 in 3 with berm of 1.5 m width

[NOTE: -The above guidelines are as per The Department of Public Works
and Highway of Japan, Flood Contro! Vol-1 which provides Technical

Standards and Guidelines for Planning and Design which have proven
useful in engineering practice.]

3.2 REVETMENT — PITCHING OF THE BANKS (IS 14262: 1995)
Revetments are sloping structures placed on banks in such a way as to

absorb the energy of incoming water.

Typical slope protection works are shown in Fig. 12. Protection against
the surfacial erosion on the river banks can be done by constructing a suitable
revetment structure. The main function of the revetment structure is to protect
the river bank or embankment from surface erosion caused mainly due to flow

of water.

16




Revetment structure does not provide any geotechnical stability to the
River Bank. So, in order to have geotechnical stability of the river bank, it shall
be trimmed to stable slope before constructing any revetment structure. In case
if it is inevitable to protect steep slopes of riverbank, the toe of the river bank
shall be stabilized with a toe wall of required height (Depending on slope height).

This toe wall provides the geotechnical stability to the River Bank and
further the stabilized slope can be protected from surface erosion by

constructing an appropriate revetment structure on the slope.

Shoulder Beam Waork (Head Vval)

w’m wWork

v o

F & My /
Backnd Matonal o

Lean Concrate —/

F oot Protechon VWork

\ /- Crest Work
e
Koy ./E’m
Lonw Water Channed

Figure 12 Typical Slope Protection Works

The detailed design of the revetment structure shall be adopted as per
the following standards:

3.2.1 Design of rip rap or rubble pitching — IS 14262:1995
As per clause 5 of IS: 14262:1995

TOE PROTECTION:- To prevent the sliding and failure of the revetment
on slope, toe is required to be protected. This may be in the form of simple
key, a toe wall, a sheet pile or a launching apron. Different types of toe
protections are

1) Simple key may be provided at the toe when rock or un erodible strata is
available at the river bed and the overlying banks are under attack and

subjected to erosion. The key is in the form of stones, bricks or concrete
17




2)

3)

blocks filled in trench at the toe below the hard river bed for depth equal
to the thickness of pitching for proper anchorage (see Fig. 13). Sole
purpose of this key is to provide lateral support. The stones, bricks or
blocks may be laid in mortar if pitching on slope is in mortar.

V. Teilets ws 7F
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Figure 13
When hard sirata is available below the river bed at a reasonable depth,
toe wall is recommended. The thickness of toe wall depends upon the
height of the wall and height of the overlying protection works. This wall
may be constructed in masonry ( see Fig. 14 ) and designed as a
retaining wall with weep holes, etc.
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Figure 14

Launching apron should be laid at normal water level or at as low a level
as techno- *economically viable. The stones in the apron should be
designed to launch along the slope of the scour and provide a strong
layer that may prevent further scooping out of the river bed material. The

18




size and shape: of the apron depends on the size of the stone, thickness
of the launched apron, depth of scour and slope .of launched apron.

4) The slope of launching apron may be taken as 2 H : 1 V. Adequate
quantity of stones for the apron has to be provided to ensure complete
protection of the whole of the scoured face according to levels and
slopes. The quantity of stones so calculated may be provided in a wedge
shape having width of 1.5 DL and average thickness T. Thickness of the
laid apron may be kept 0.8 T near the toe of the revetment and -2 T at

the river end.

3.2.2 Design of gabion mattress/ grout mattress revetment - FHWANHI-09-
112 Criteria for selection of protection measures
Table 7 Selection Criteria

Nature of Strata Solution
Rock or Un-erodible strata is available at the river bed Key
Hard Strata available below river bed at a reasonable depth Toe wall
Firm Strata is not available at reasonable depth below the river bed [ Launching Apron and
Sheet Piles

3.2.3 GABION REVETMENTS

Wire-enclosed rock, or gabion, revetments consist of rectangular wire mesh
baskets filled with rock. These revelments are formed by filling pre-
assembled wire baskets with rock, and anchoring to the channel bottom or
bank. Wire-enclosed rock revetments are generally of two types
distinguished by shape.

The primary advantages of wire-enclosed rock revetments include

(a) their ability to span minor pockets of bank subsidence without failure and

(b) the ability to use smaller,_lower guality_and less dense, rock in the

baskets.

Besides its use as a general bank revetment, wire-enclosed rock in
the form of either matiresses or blocks is also used as bank toe protection.
In some instances the wire-enclosed rock is used alone for protection of the
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bank also. In other cases, the wire-enclosed rock is used as toe protection

along with some other bank revetment.
Design Guidelines for the Gabion Revetments: -

The thickness of the mattress is selected considering the flow velocity that
the mattress has to sustain slope angle of the river bank and the average
stone fill size that would be available for filling the mattress box.

Indicative thickness of gabion mattress in relation to water velocity
shall be given as per Table 8.

Selected thickness of mattress shall be checked for the tractive shear stress
criteria i.e. the revetment stability check along the bed and slope portion as
per FHWA-NHI-09-112.

Table 8 Criteria for the Determination of Gabion Thickness for Slope Protection

. Maximum Min Required
Bank Soil Type Velocity (m/sec) Bank Slope th!ckne?ss (m)
Clay, Cohesive Soils 3 <13 0.22
39-48 <12 0.3
Above 4.8 >1:2 2045
Silts, Fine sands 3 <1:2 0.3
Shingle with Gravel 48 <13 0.22
6 <1:2 0.3
Above 6 >1:2 2045

3.2.3.1 Geotextile Methods:-

Geotextile bag or geo-bag, a geo-synthetic product made of polyester;
polypropylene or polyethylene or jute is used worldwide for defending
riverbanks and hydraulic structures from severe scouring and erosion. In
this method, sandbags are placed at the slope below the water level, and
the slope above the water level is protected with cement concrete blocks
mostly to resist waves. Generally, the sandbags weigh 70 kg, 85 kg, 110
kg, or 230 kg. Sandbags are commonly used for both emergency and

permanent shields.
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3.2.3.2 Gabion Structure:-
Gabion baskets and mattresses are used as retaining wall structures, and
channel linings. They are filled with light to heavy stone without mortar. A
gabion mat or basket is a structure made of zinc coated soft temper steel
in a shape of hexagonal double twisted wire mesh filled with stones. A
gabion basket usually has a height between 0.5m 6 to 1m whereas, a
gabion mattress has a height between 0.17m to 0.50m . A non- woven

fabrication called a geotextile filter layer is used at the base of the gabion

structure to prevent water leakage and wash away button soil particles

Height

Fig:-Gabion Mattress, also known as Reno Matiress.
Figure shows hexagonal mesh of a gabion mattress. The parts of the gabion
as well as the diameter and the width of the wire are marked.

4.0 NEED OF THIS NOTE: -

As per Government Resolution HeRIE IR, STerdqsT faymT = fHuiy

IS FHH 0¥ /(. F.IYRY-AH (R, WA, qa% A L8/0/0%u. _the
mandate of Central Design Organization is finalized, which includes,
“Hepeardy Waeihs WUGUAN Scied] WhedTsl hedd o Weredrad aar
%) I3, T F 3907 [T AT
R) 4 Hizv B ST RTEt S9Flood Lift) FHET %o HigT e s Sied #Y T (Fal)
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3) o7 NEHCUTST AT 30 T JEll ST FelieAT SR SHEl fAire Wl Sqetear
ROTT T SFTAIE IR TEN Gheq d GHeq dar B,
4) SR ST YN FoTgaia oy 31 Iefevard HeedT #3v. Government
vide Resolution dated 31/01/2019 have enlisted norms to be followed as below:-
o - Y b Y [ Y Y ﬁ ™ . ﬁ id b
- - Y [ et W HI_E: .

¥) Tehou ;- [ERREE FPI SITTH .4.00 FET eIl TN FHHueiong Aedrd

e FH QR e TEniesT Jara Yehedras faunmehgA d. B.00

Thus vide this point proposals of Flood Protection Walls are referred

to CDO on large scale from all over Maharashtra.

Taking into consideration the availability of manpower in CDO, it becomes

quite difficult to issue designs in stipulated time on priority basis. Also data

made available from site is inadequate , which further adds to complication.

Hence an attempt is being made to standardize the design of flood protection

wall with possible options.

So that suitable option can be selected by field competent authority and

approved at their level.

5.0 SCOPE OF THIS NOTE: -
This note deals with flood protection wall, different options, assumptions

made in their design, seismic zone considered, standard template of

drawing, for heights varying from 3.5m to 20.0m
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6.0DIFFERENT TYPES OF FLOOD PROTECTION WALLS INCLUDE: -

1) Flood protection Gravity wall on Hard Strata—( a) one side slope
---( b) Both side slope
2) Flood Protection Gravity Wall on Soft Strata

a. Resting on Raft
b. Resting on Two Piles
¢. Resting on Group of Piles.

3) Reinforced Cement Concrete Wall

In these walls, the stability against overturning is provided by the weight of
the retaining wall. These are further classified into

A) Cantilever Retaining Wall.

R
% BACK FILL

STEM

TOE KEY DRAINAGE HEEL

™~ BASE SLAB FOOTING

Fig 1: Cantilever Retaining Wall

+ This wall is connected to the foundation and rests on the slab
foundation.

o These walls can be constructed of RCC, prestressed concrete, or
precast concrete.

» This type of retaining wall is used for up to 10 metres.

» Stem and base slab are the two main components of the cantilever
retaining wall.

« Part of the base slab rests under the backfill material.

« Notably, the heel and the toe of the cantilever retaining walls are
vertical.

¢ Compared to a gravity retaining wall, this retaining wall uses less
concrete.

» The failure in the cantilever retaining wall can occur by sliding, uplift
pressure, and soil bearing pressure. The failure is also dependent on
the various soil properties.

23




B) Cantilever Retaining Wall with Heel only.
C) Cantilever Retaining Wall without Heel

D) Counterfort Retaining Wall

HEEL SLAD

Fig 2: Counterfort Retaining Walil

o These walls comprise counterforts, which are thin vertical concrete webs at
regular intervals along the rear of the wall.

o These are used for heights greater than 8 metres.

o This counterfort connects the slab and the base together, acting
monolithically with both.

o The spacing between counterforts is more than one-half of the height.

==

E) Buftress Retaining Wall

RETAINED
MaAaTERIAL
BUTTRESS
STEM
e / _____
TQE HEEL

T~ BASE SLAB

Fig 3: Buttress Retaining Wall

o Butiress is a special type of counterfort retaining walil.

o These are constructed on the face of the wall rather than within the backfill.
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o They are not used due to the extra space occupied by buttresses.
o They are aesthetically inferior as compared to the cantilever retaining walls.

o But are used in special and exceptional cases.

7.0 ASSUMPTIONS MADE IN DESIGN :-
7.1 The following design parameters are adopted.

i Density of retaining material - 21 KN/m3
ii Grade of steel - Fe-500
iif Grade of concrete - M-20( For RCC Wall)

- M-15( For Gravity Wall)

iv ocbe - 7.00 N/mm?2
v ost - 275 N/mm?2
Vi SBC - (Suitably Assumed)

7.2 FORCES CONSIDERED: -

1) Dead load
2) Soil Pressure

3) Seismic Forces

7.3 SEISMIC ZONE -

As per seismic zone map given in 1.S. 1893-1984 (Reaffirmed 2018),
Seismic zone-IV for which basic seismic co-efficient ‘a 0’ is 0.05 is

considered.

Since major part of Maharashtra lies in seismic zone lil and V.

Seismic zone |V which qgives worst condition is considered for

standardization, as it will give safe design.

As per the I.S. provision, importance factor *1.5' for design of RCC

cantilever retaining wall
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The horizontal seismic co-efficient is taken as 1.5 times 'a 0" acting at
the top of non-overflow portion reducing linearly to zero at the foundation.
The vertical co-efficient is taken as 0.075 times of horizontal seismic co-

efficient.

8.0 GRAVITY WALL
STABILITY ANALYSIS OF WALL:

Stability analysis of gravity type wall is carried out using in

house developed software program. Considering Grade of Concrete M15.
The stability of gravity wall is calculated using program by adopting different
slopes so as to satisfy criteria such as stresses and factor are within
permissible limit as given by IS CODE 14458( Part-l } :1898 ( Retaining
Wall For Hill Area ~Guidelines ) Following is mentioned,

3.1.1 For hilly roads, being of low volume, walls may
not be designed for carthquake forces. Itis cconomical
to repair failed walls after earthquake. '

3.1.2 Earthquake considerations lead to excessive
wall dimensions. High walls may, thercfore, be
avoided by alternative geomctric designs of roads and

terraces unless justified by risk analysis. Walls with
dip at the base towards hillside will reduce the basc
width in seismic arcas.

Above clauses are reproduced, so that it will facilitate the competent

field authority in better comparison of selection to be done.
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Above table from IS 14458( Part-1 ):1998 will facilitate in selection of

type of retaining wall. { ANNEXURE---)
In 1S 14458( Part-2 ):1997( Retaining Wall For Hill Area —Guidelines)

Following is mentioned,

5.4 1t 15 generally not possible to design cach ana
cvery wall along the entire Iength of a road. Srtand-
ard designs as given in Table 3 may be adopicd for
walls less than 8 m in height and 120 m< arca in a
Iow haeuand zone provided thie allowable bearing
capacity is morec than the maxdmum pressurc indi-
cated in the table.

For reference the table is reproduced:-
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Above table can be referred as per decision of competent authority.

(ANNEXURE---)
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9,0RCC CANTILEVER TYPE RETAINING WALL
STABILITY ANALYSIS OF WALL:

The wall section is designed as a R.C.C. cantilever type retaining wall
for Various height of 6.0m, 8.0m, 10.0m, 12.0 m, 14.0 m, 16.0m, 18.0 m, 20.0
m. care shall be taken to restrict the backfill up to guide wall top profile only.

The backfilling shall be done with the available excavated available
material. Top level of toe and heel slab for guide wall is proposed at R.L. 6.0m,
8.0m, 10.0 m, 12.0m, 14.0m, 16.0m,18.0m,20.0m respectively.

The RCC cantilever retaining walls are proposed in C.C. M-20 grade
with 150 MSA. Stability analysis for various heights of wall section at
proposed foundation level has been carried out. The resulting stresses at
foundation level for various load combinations are as mentioned below.

The two-dimensional analysis is performed as per |.S. 14458 (Part-11)- 1997-
Reaffirmed 2017 and computer programme developed in C.D.O.

The details of each 6.0m, 8.0m, 10.0m, 12.0m, 14.0m and 16.0m are as
below with stress table, Reinforcement table and the maximum bearing
pressure for which the particular height can be used.

10.0 Walls on Soft Strafa: -
The foundation of wall whether for shallow foundation or deep
foundation shall be taken below the scour depth.

The arrangement will be as shown below.

H
SCOUR AT HFL
FON AL | | [
: B = RIVER
—— SCOUR AT LOWEST WATER LEVEL
TYPICAL SKETCH OF FLOOD PROTECTION WALL
NOT TO SCALE (INDICATIVE}
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10.1 Wall Resting on Piled Raft (Group of piles.)
As the height of walls is significant that is upto 20m, design alternative of Pile
supported RCC Cantilever walls are proposed. Due to piles, the wall height
can be reduced. Below is the typical sketch of a Pile supported T wall
(Reference: U S ARMY PUBLICATION EM 1110-2-2502 Dated 1 August
2022 Fig8.1)

Note: Indian Standard 2911: Part 1 Sec 2 (Attached in annexure 2 in this
note) mentions that the standard is not applicable for use of bored cast in-
situ concrete piles for any other purpose, for example, temporary or
permanent retaining structure. (Clause:1.2)

DESIGN PHILOSOPHY: The RCC retaining wall is supported on an
arrangement of piles in such a way the piles are at Center and equidistant
from the Center of Pressure diagram of pressure occurring due to wall on
soil. This allows to transfer the load from wall to piles axially.

These end bearing piles are designed for axial load.

10.2 Base Slab of Wall acting as Pile Cap

The base slab of wall acts a pile cap, which is checked for Bending moment
and shear force, also the effective area of base slab for one single pile is
checked for Punching shear failure.

The RCC cantilever retaining walls and RCC Piles are proposed in C.C. M-
25 grade. Stability analysis for wall section level has been carried out.

The foundation of wall of can be shallow foundation or deep
foundation. Foundation leve! of wall should be kept below scour depth

criteria.

The scour depth calculations are supposed to be carried out to decide
the foundation level as per the formula given below, as per IS 14262:1995
(Reaffirmed 2016)
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Depth of scour may be worked out from the
cquat:on:
Dy, = 0473 ( Qlf pn
or Dy = 1-33( g3/ )8 and
f=17644d
where
D,, = scour depth below HFL inm,
{ = discharge in m3/s,
g = discharge per unit width in m3fx/m.
J = silt factor, and

d = mean particle diameter of river bed
material in mm.

Typical Sketch of Pile Supported T-Wall

Flood <>

A N AN
\ \

Sheat Pile (for aeepage) 2}\
\
\\ P:Ies y — 7

[

i) RCC Retaining Wall
The following properties are taken into consideration

Table 1: Soil Properties

Properties Value
Soil modulus, Es {MPa) 50
Cohesion of soil, Cy (kPa) 50
Poison's ratio of soil, us 0.45
Angle of internal friction, ¢ (degrees} 0

Ysat = 21,
Unit weight (kN/m?)

Yunsat= 19
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Table 2: Pile Properties

Properties Value
Modulus of efasticity, Ep (KkN/m?) 30 % 107
Diameter of the pile, dp (M} 0.45
Length of the pile, L. (m) 9.0m

Unit weight, y (kN/m3) 25
Poison's ratio of the pile, us 0.3
Reinforcement in pile Main steel 7 Nos.25mm dia
Lateral Ties 8mmdiz%60mm

Table 3 :-Raft Properties

Properties Value
Modulus of elasticity, £r (kN/m?) 3x107
Thickness, d (m) 1.0
Unit weight, y (kN/m3) 25
Poison's ratio of a raft, ur 0.3
Length and breadth of a raft, L-and B; {m) Lx7.0
Reinforcement--—--—------—---25mm dia @150mm c/c.

With this assumption the design is carried out the drawing of the same
is attached herewith.

10.3 Walls resting on Soft strata at shallow depth: -
In such cases it is possible to rest wall on raft.
If the strata existing is soft an alternative of wall resting on raft is proposed.

Here the base slab and toe slab is to be provided of depth equal to raft depth
required , as per SBC provided or assumed if data is not made available.
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IS 456: 2000 (Reaffirmed 2021 Provisions): -

Table no. 3 of the code titled “Environmental Exposure condition” is reproduced

here:; -

Sr. | Environment Exposure Conditions

No.

1 Mild Concrete surfaces protected against weather or
aggressive conditions, except those situated in
coastal area.

2 Moderate Concrete surfaces sheltered from severe rain or
freezing whilst wet
Concrete exposed to condensation and rain
Concrete continuously under water
Concrete in contact or buried under non-aggressive
soil/ground water
Concrete surfaces sheltered from saturated salt air
in coastal area

3 Severe Concrete surfaces exposed to severe rain, alternate
wetting and drying or occasional freezing whilst wet
or severe condensation.

Concrete completely immersed in sea water
Concrete exposed to coastal environment.

4 Very severe Concrete surfaces ex posed to sea water spray.
corrosive fumes or severe freezing conditions whilst
wet
Concrete in contact with or buried under aggressive
sub-soil/ ground water

5 Extreme Surface of members in tidal zone
Members in direct contact with liquid/ solid
aggressive chemicals
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11.0 Gravity Wall with both side slope; Resting on Piled Raft (Group of
Piles)
Gravity wall with top width 1000mm and uniform slope on both sides
0.5 :1 is proposed ( for ht=14.0m). Drawings of respective heights are
attached.

The arrangement of weep holes 75mm diameter 3000mm c/c staggered
is proposed. Also, filters are proposed on backfill side the details of same are
shown on drawing.

The stability analysis of gravity retaining wall is carried out considering
height of earth to be retained, its geometry, surcharge if any, angle of internal

friction and seismic forces etc.

Various trials are taken with increasing slope of wall on one side such
that the stresses and factor of safety is within permissible limits.

12.0 COUNTERFORT RETAINING WALL :

In case of cantilever retaining wall the bending moment in the

vertical stem varies as h® . where h is _height of stem. When this section

exceeds 6m a thick section is required for the stem and design is

uneconomical.
Thus for such cases Counterfort retaining walls are recommended.

The particular details are given for Counterfort retaining wall .
NOTE :- EXPOSURE CONDITION :

“a. As per is 456:2000 (Reaffirmed 2021) Plain and Reinforced Concrete, as
per table 3, “Environmental Exposure Conditions” exposure condition for
concrete completely immersed in sea water, exposed to costal environment

is mentioned as severe.

b. As per is 456:2000 (Reaffirmed 2021) Plain and Reinforced Concrete, as
per table 5, minimum grade of concrete for severe exposure condition and
reinforced concrete is mentioned as M30.
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As per above exposure condition following minimum grade of concrete is given

in tabular form in the code.

Sr. | Exposure | Minimum grade of concrete | Minimum grade of concrete for
No. for Plain cement concrete Reinforced cement concrete

1 Mild - M20

2 Moderate | M15 M25

3 Severe M20 M30

4 Very M20 M35

severe
5 Extreme | M25 M40

Thus, out of the suggested options, the options shall be blended and
the combination that is techno-economically feasible shall be approved.

Drawings of all types are attached with Reinforcement in stem, heel

and toe.

13.0 CONCLUSION:

The protection work for riverbank scouring prevention is provided as
per CDO code of practice and relevant 1.5. CODES and research papers.
The design and drawings are submitted and recommended for approval.

14.0 POINTS FOR ATTENTION OF FIELD OFFICERS:

This design and drawing is prepared considering worst conditions,
seismic zone IV, etc. Responsibility regarding accuracy of the data solely lies
with the field officers, CDO will not be responsible for any mistakes in design

due to inaccurate option selected by field competent authority).

1. Regarding flood protection walls Some points of the Government Resolution
dated 31/01/2019 are reproduced below.

%) T TR HOATT LT eI el Ao AIaae JUIRT S/ SRomarer feg

IS FUIRT X T8 IS i STSENTeAT TRETId Tadl, el 3l 6o
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?) TR HHIT GIHRUI: JEIcT aeial Fieel S,
37) TR HIBTER WGl 9 Y01, TS HHHH STEARHIT FY0L
) WU AR {96/ Retaining Wall Sieol,
<) /TN FATETEN STe 152 SO,

3) Y T A AT Qe 87 ed weaeel wed a6
THSTEER] 20¢ 8/ W3¢ 3¢ R/F.50. () TP 28/0%/2%¢R T W URTTH
HRH-30%¢/ (TF6.3¢/0%¢) M. A 3 7, 08¢ AR [
et & el TEn AT TSR ! T 9, AT TSaresvil Gerdd

a‘ » » e ) ~ a‘ - W ‘\.

¥) W TS TEHET O IRENGE [ g S giun-ar TRIEiet 1ot
wiftreiferer STier TeaT QRIS Ao TRTAIe! R GXETh M 8T gt daiel.

w) Fresar QST STie YT 81 WidaRa 89 S9ed 1 9 TSR SR
ARl FETTER e Siue™ Al 3 ARE. (No Development
Zones) T, STEacaTa e ST, TIhaal @Y, T SRS QUi TTETae af
&7 SSTTOTR AT ATeli SEve ST,

€) HheT ;- U B TS B.4.00 P! e TR THAUE IR
I § HEAT! Heneqias Qee-egr qaR HRUAl a1, TEH .00 Hlel d
4,00 THIZ GHT=AT AT W] Uehet HeTHSST ST Wohedres [aHIeRgT
. B.800 THIE THHHTAT SATCTCT HTHTT SIS ST TATeR FHoa et
Igl.

) Tt Tl (- SeETeT faurTen SR AU 3. R026/(WEE/Rv)/EE
@), . 32.0¢.20%¢ IV YRITEH HTET THHT AFIAWE] T, 34.00
P12 e FH AR TRAE TSI aifas e Sihd) S wia
AT BHAITHN TETHES KIS DA H6- TVITeh A TFIaT / T ST
TeTEET U MR T WGT 6. THY 6.34.00 ST G&ll SR
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¢) SR Tar:- Serus] [T S (U1 56, TRAUT R036/(16/28)/ .01,
R, f&. R€.04. 0%\ Frerdl = Wemeaio fawie GEe ST & ToreT & QUROT
ST TIUTTRT Q0T 76l Ui, T HaeR YR WRET S 99 4,00
FI2T YT FRAT SOTSTET FIHHT SeIEeRd HEar Y8 Hel. 6.4.00 el
Y1 I Rpdiean stareraseR Frate o foe favnmrt el e se.

All other condition given in the above Government Resolution should be

strictly followed.

2. Even if the height of the flood protection wall are less than 5§ m vet the

estimate cost of the flood protection wall exceeds Rs. 5.00 crores because of

the length of the flood protection wall.

Thus taking into consideration height aspect it can be designed at field level
office. Also the length of the flood protection wall of the project needs to be
approved by the competent authority.

3. According to the Government Resolution dated 31/01/2018, demarcation and
planning of red and blue lines must be approved from the Chief Engineer.

4, The foundation levels of Flood protection walls shall be decided only after
detailed geological investigation. It is recommended to carry geotechnical
investigation before starting actual construction on site and approved
foundation level by the competent authority. Also, actual S.B.C report shall
be carried out at field level before selecting design option.

5. To avoid damages from these recurring floods it is recommended to use
nonconventional flood-proofing methods. Structural measures like
providing flood walls (levees) will overall increase the flood levels by

restricting the waterway and may lead to more damage.

6. Wherever unusual strata is met with, the problems shall be referred to
CDO.
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7. Flexible protections shall be adopted, and only under unavoidable
circumstances and rare situations, concrete wall shall be opted for.

8. Prior to adopting flood protection wall cross section the guidelines laid
down by National Green Tribunal regarding construction of concrete
work in natural stream shall be strictly followed.

9. Discrepancies found if any, may please be communicated to CDO
(Dam)}.

10. These drawings are prepared for tentative typical section as per CDO
Code of Practice with reference to relevant codes.

11. Typical Tentative Cross-Section of Retaining Wall is provided only for
Estimate purpose.

12. All necessary quality control norms shall be strictly followed throughout the
construction stages so as to achieve the required strength and stability to
structure. Also, handbook for design of flood protection anti-erosion
measures and river training works by CWC, Government of India shall be
referred.

13. Technical & financial feasibility of the structure shall be ascertained
at field level by the competent authority before giving approval to the
option selected.

14. The construction work should be planned such that natura! flow of river shall

not get obstructed.

15. Flood protection structure required for controlling water within streams.
These streams are having small catchment areas ranging from few sg.km. to
lakhs of sq.km. Hence standardised wall needs to sustain all odds such as
variety of floods, turbulence, river meandering. Scouring etc for lifetime. Also,
river bed has poor properties in terms of structural requirement such as low
SBC, coeff of friction, scour etc whereas material to be retained has rich
properties such as high density etc. Hence considering all these factors wall

profile and its reinforcements are proposed.

16. For walls of height more than 7.5 m, second thought should be given by
competent field authority before referring this design as they are more critical.
if required CDO shall be consulted upon.

38



CERTIFICATE
1. The design and drawings are 100% technically checked by this office.

2. All original design calculations and related correspondence is

preserved in this office.

Sd/- Sd/-
( R. S. RAJPUT) (R.S.DESHMUKH)

Sub divisional engineer Executive Engineer,
Designs Division, MD.2, Designs Division, MD.2,
Central Designs Organisation, Central Designs Organisation,
Nashik - 422 004. Nashik - 422 004.

Recommended for Approval.

Sd/-

{R. M. MORE)
Superintending Engineer {Dam)
Central Designs Organisation,
Dindori Road, Nashik -422 004.

Approved By

Option approved:-

Notes :-1)

2)

Field Chief Engineer
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1)

2)

HEIGHT :- 4.0 M (Earthquake Zone: IV)

Other Side =0.30

Type :- Gravity Type Retaining Wall.( Both Sides Slope )
Back Fill Side=0.30

Stress Table:-
Flood protection wall at height of 4.00 m
Permissible Stresses | Overturning
Stresses (KN/m?) (KN/m?) factor
Case

At Heel At Toe | Minimum | Maximum
Self Wt + () 15.0 375 2.23
Backiill 12.72 1.48
Self Wt + ) {-) 30.0 375 1.82
Backfill + Eq 14.18 50

bothways.
This wall can be used for bearing pressure = 375 KN/m?

|
HEIGHT :- 6.0 M (Earthquake Zone: IV}

Type :- Gravity Type Retaining Wall.( Both Sides Slope )
Back Fill Side=0.35 Other Side =0.35

Stress Table:-

Reinforcement details :- Surface Reinforcement of 16 mm dia @240mm

_ Permissible Stresses | Overturning
c Stresses (KN/m?) (KN/m?) factor
ase
AtHeel | AtToe [ Minimum | Maximum
Self Wt + {-) 15.0 375 1.86
Backiill 21.18 (-)0.64
Self Wt + (-) 30.0 375 1.55
Backiill + Eq 23.69 (-)3.91

bothways.

This wall can be used for bearing pressure = 375 KN/m?

Reinforcement details: - Surface Reinforcement of 16 mm dia @240mm
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3) HEIGHT :-8.0 M (Earthquake Zone: V)

4)

Type :- Gravity Type Retaining Wall.( Both Sides Slope )
Back Filt Side=0.30  Other Side =0.30

Stress Table:-
Permissible Stresses Overturning
2 2
Case Stresses (KN/m¢) {KN/m*) factor
At Heel At Toe | Minimum | Maximum

Self Wt + {(-) 1.0 375 1.71

Backiill 30.08 -3.28

Self Wt + (-) 30.0 375 1.42

Backfll + Eq 3367 | (-)7.87

HEIGHT :-10.0 M (Earthquake Zone: V)

bothways. This wall can be used for bearing pressure = 375 KN/m?

Type :- Gravity Type Retaining Wall.( Both Sides Slope )
Back Fill Side=0.35 Other Side =0.35

Reinforcement details: - Surface Reinforcement of 16 mm dia @240mm

Stress Table:-
Permissible Stresses | Overturnin
Stresses (KN/m?) (KN/m2) g factor
Case Maximu
At Heel | AtToe | Minimum | m
Self Wt +
Backfill 3245 .39 (-)15.0 375 2.12
Self Wt +
Backiill + Eq 36.12 -4.53 (-)30 375 1.77

bothways.

This wall can be used for bearing pressure = 375 KN/m?

Reinforcement details: - Surface Reinforcement of 16 mm dia @240mm
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5) HEIGHT: - 12.0 M {Earthquake Zone: V)
Type: - Gravity Type Retaining Wall. (Both Sides Slope)

6)

Back Fill Side=0.35
Stress Table: -

Other Side =0.35

Stresses Permissible Overturning
c (KN/m?) Stresses (KN/m?) factor
ase
At Heel | At Toe | Minimum | Maximum
Self wt + 79
Backfill 3984 | ~ (-)15.0 375 2.05
Self wt +
Backfill + Eq 44.35 | -6.80 ()30 375 1.72

Reinforcement details: - Surface Reinforcement of 16 mm dia @240mm

bothways.

This wall can be used for bearing pressure = 375 KN/m?

Height: - 14.0 M (Earthquake Zone: IV)
Type: - Gravity Type Retaining Wall. (Both Sides Slope)

Back Fill Side=0.35

Stress Table: -

Other Side =0.35

Permissible Stresses Overturning
c Stresses (KN/m?) (KN/m?) factor
ase
At Heel At Toe | Minimum | Maximum
Self wt + Backfill
+Eq 52.64 -8.14 (1)30 375 1.68

Reinforcement details: - Surface Reinforcement of 16 mm dia @240mm

bothways.

This wall can be used for bearing pressure = 375 KN/m?
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7) Height:-16.0 M (Earthquake Zone: V)
Type :- Gravity Type Retaining Wall.( Both Sides Slope )

8)

Back Fill Side=0.35 Other Side =0.35

Stress Table:-
Stresses Permissible Stresses | Overturning
2 2
Case (KN/m*) (KN/m?) factor
At Heel | At Toe | Minimum | Maximum

Self wi + 3.31
Backfill 5474 | ™ (-)15.0 375 1.98
Self wt +
Backiill + Eq | €0% | 11°T| @30 375 167

Reinforcement details: - Surface Reinforcement of 16 mm dia @240mm

bothways.

This wall can be used for bearing pressure = 375 KN/m?

Height :- 18.0 M (Earthquake Zone: 1V)

Type :- Gravity Type Retaining Wall.( Both Sides Slope )
Back Fill Side=0.40 Other Side =0.40

Stress Table:-
Stresses Permissible Overturning
2 2
Case {(KN/m?) Stresses (KN/m?) factor
At Hee!l | At Toe | Minimum | Maximum

Self Wt + 517

Backfill 52.40 : (- )15.0 375 2.5
Self Wt +

Backfill + Eq 58.02 -2.68 (_)30 375 2.11

Reinforcement details: - Surface Reinforcement of 16 mm dia @240mm

bothways.

This wall can be used for bearing pressure = 375 KN/m?
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9) Height:-20.0 M (Earthquake Zone: IV}

Type :- Gravity Type Retaining Wall.{ Both Sides Slope )

Back Fill Side=0.40  Other Side =0.40

Stress Table:-
Stresses Permissible Overturning
c (KN/m?) Stresses (KN/m?) factor
ase
At Heel | At Toe | Minimum | Maximum
Self Wt + 517
Backfill 58.6 ‘ (-)15.0 375 2.48
Self Wt +
Backfill + Eq 64.90 | -3.60 ()30 375 2.09

Reinforcement details: - Surface Reinforcement of 16 mm dia @240mm
bothways.
This wall can be used for bearing pressure = 375 KN/m?
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A)

Without Shear Key:-

1) HEIGHT: -6.0 M

Type: - R.C.C. Cantilever Type Retaining Wall

Stress Table: -

Flood protection wall at height of 6.00m
Case Stresses (KN/m?) Permissible Stresses (KN/m?)
At Heel At Toe | Minimum | Maximum
Static Condition 64.63 127.43 0.00 450.00
N 562.50
gg‘:‘gi‘t'i‘;n 3092 | 16114 | 000 | (1.25x bearing
Pressure)
Factor Of Safety Allowable Factor Of safety
Case Overturnin
[*] Sliding | Overturning Sliding
Static Condition 3.72 1.76 1.50
Seismic
Condition 2.64 1.42 1.00

Reinforcement Table :-

Component Reinforcement Details (Fe 500 )
Stem Main Backfill 16 mm dia. bar at
Reinforcement face 150 mm clc
QOther 16 mm dia. bar at
face 150 mm clc
Distribution Both face 16 mm dia. bar at
Reinforcement 150 mm c/c
Raft Main At top and 20 mm dia. bar at
Reinforcement Bottom 250 mm cic
Distribution At top and 20 mm dia. bar at
Reinforcement Bottom 250 mm clc

This wall can be used for bearing pressure = 450 KN/m?
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2) HEIGHT :-8.0 M

Type :- R.C.C. Cantilever Type Retaining Wall

Stress Table:-
Flood protection wall at height of 8.0m
c Stresses (KN/m?) Permissible Stresses (KN/m?)
ase

At Heel At Toe | Minimum | Maximum
Static Condition 90.14 100.54 0.00 400.00
Seismic 5343 | 13726 | o000 |(1.25 xsbi%gr?g
Condition Pressure)
Case Factor Of Safety Allowable Factor Of safety

Overturnin
g Sliding | Overturning Sliding

Static Condition 3.37 1.35 2.00 1.50
Seismic
Condition 2.5 1.12 1.50 1.00

Reinforcement Table :-

Component Reinforcement Details {Fe 500 )
Stem Main Backfill 20 mm dia. bar at
Reinforcement face 140 mm cic
Other 20 mm dia. bar at
face 140 mm clc
Distribution Both face 16 mm dia. bar at
Reinforcement 150 mm cic
Raft Main At top and 20 mm dia. bar at
Reinforcement Bottom 100 mm c/¢
Distribution At top and 20 mm dia. bar at
Reinforcement Bottom 200 mm clc

This wall can be used for bearing pressure = 450 KN/m?
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3) HEIGHT :-10.0 M

Type :- R.C.C. Cantilever Type Retaining Wall

Flood protection wall at height of 10.0m

c Stresses (KN/m?) Permissible Stresses (KN/m?)
ase
At Heel At Toe | Minimum | Maximum
Static Condition 41.93 156.64 0.00 400.00
562.50
Seismic Condition 6.35 192.22 0.00 (1 25 x bearing
' Pressure)
Factor Of Safety Allowable Factor Of safety
Case
Overturning| Sliding | Overturning Sliding
Static Condition 3.53 1.80 2.00 1.50
Seismic Condition 2.47 1.52 1.50 1.00

Reinforcement Table :-

Component Reinforcement Details (Fe 500 )
Stem Main Backfill 32 mm dia. bar at
Reinforcement face 200 mm ¢/c
Other 32 mm dia. bar at
face 200 mmclc
Distribution Both face 20 mm dia. har at
Reinforcement 300 mm cic
Raft Main At top and 32mm dia. bar at
Reinforcement Bottom 250 mm cic
Distribution At top and 20 mm dia. bar at
Reinforcement Bottom 300 mm clc

This wall can be used for bearing pressure = 450 KN/m?
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4) HEIGHT :-12.0 M
Type :- R.C.C. Cantilever Type Retaining Wall

Stress Table:-

Flood protection wall at height of 12.0m
Stresses (KN/m?) Permissible Stresses (KN/m?)
At Heel At Toe | Minimum Maximum
102.6 302.53 0.00 400.00
562.50
0.00
(1.25 x bearing Pressure}
Factor Of Safety Allowable Factor Of safety
Overturning| Sliding | Overturning Sliding
2.00 1.80
1.50 1.00

Reinforcement Table :-

Component Reinforcement Details (Fe 500 )
Stem Main Backfill 32 dia. bar at 150 mm c/c
Reinforcement face
Other 32 mm dia. bar at 300
face mm c/c
Distribution Both 20mm dia. bar at 260
Reinforcement face mm c/c
Raft Main At top 32 mm dia. bar at 150
Reinforcement and mm cfc
Bottom
Distribution Attop 20mm dia. barat 300
Reinforcement and mm cic
| Bottom
This wall can be used for bearing pressure = 450 KN/m?2

48




5) HEIGHT :-14.0 M

Type :- R.C.C. Cantilever Type Retaining Wall

Stress Table:-
16. Flood protection wall at height of 14.0m
Stresses (KN/m?) Permissible Stresses (KN/m?)
Case
At Heel At Toe | Minimum Maximum
Static Condition 137.78 297.97 0.00 400.00
562.50
Seismic Condition 6.93 428.84 0.00 (1 25x% bearing
Pressure)
Factor Of Safety Allowable Factor Of safety
Case
Overturning| Sliding | Overturning Sliding
Static Condition 3.31 1.57 2.00 1.50
Seismic Condition 2.08 1.16 1.50 1.00
Reinforcement Table :-
Component Reinforcement Details (Fe 500 )
Stem Main Backfill 32mm dia. bar at 150
Reinforcement face mm cfc
Other 32 mmdia. barat 150
face mm cfc
Distribution Both 20 mm dia. bar at 200
Reinforcement face mm ¢/
Raft Main At top 32 mmdia. bar at 150
Reinforcement and mm ¢/c
Bottom
Distribution Attop 20mm dia. bar at 300
Reinforcement and mm cic
Bottom

This wall can be used for bearing pressure = 450 KN/m?
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6) HEIGHT :-16.0 M

Type :~ R.C.C. Cantilever Type Retaining Wall

Stress Table:-

Stress Table:-
17. Flood protection wall at height of 16.0m
Permissible Stresses
2 2
Sr. Case Stresses (KN/m¢} (KN/m?)
No
At Heel AtToe | Minimum Maximum
1 | Static Condition 170.53 339.34 0.00 400.00
£562.50
2 | Seismic Condition 36.2 473.66 C.00 (1.25 x bearing
Pressure)
Allowable Factor Of
Sr. Case Factor-Of Safety safety
No Overturnin
g_ Sliding | Overturning Sliding
1 | Static Condition 35 1.65 2.00 1.50
2 | Seismic Condition 2.24 1.24 1.50 1.00
Reinforcement Table :-
Component Reinforcement Details (Fe 500 )
Stem Main Backfill 32 dia. barat 90 mm
Reinforcement face clc
Other 32 mm dia. bar at 110
face mm c/c
Distribution Both 20 mm dia. bar at 150
Reinforcement face mm cfc
Raft Main At top 32 mm dia. bar at 90
Reinforcement and mm c/c
Bottom
Distribution At top 20mm dia. bar at 150
Reinforcement and mm ci/c
Bottom
This wall can be used for bearing pressure = 450 KN/m?

50




7) HEIGHT :-18.0 M
Type :- R.C.C. Cantilever Type Retaining Wall
Stress Table:-

18. Flood protection wall at height of 18.0m

Stresses (KN/m?) Permissible Stresses (KN/m?)
At Heel At Toe | Minimum Maximum
175.24 386.88 0.00 400.00
562.50
24.87 537.25 0.00
(1.25 x bearing Pressure)

Factor Of Safety Allowable Factor Of safety
Overturnin
g Sliding | Overturning Sliding
3.3 1.58 2.00 1.50
2.13 1.21 1.50 1.00

Reinforcement Table :-

Component Reinforcement Details (Fe 500 )
Stem Main Backfill Bundle of 32mmdia. bar
Reinforcement face at 140 mmecelc
Other 32mm dia. bar at 200
face mm c/c :
Distribution Both 20mm dia. bar at 160
Reinforcement face mm c¢l/c
Raft Main At top Bundle of 32mmdia. bar
Reinforcement and at 100 mmclc
Bottom
Distribution At top 20 mm dia. barat 150
Reinforcement and mm cfc
Bottom

This wall can be used for bearing pressure = 450 KN/m?
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8) HEIGHT :-20.0 M

Type :- R.C.C. Cantilever Type Retaining Wall

Stress Table:-

19, Flood protection wall at height of 20.0m
Stresses (KN/m?) Permissible Stresses (KN/m?)
Case
At Heel AtToe | Minimum Maximum
Static Condition 248.07 336.73 0.00 400.00
562.50
Seismic Condition 76.96 507.84 0.00 (1.25 x bearing
Pressure))
Factor Of Safety Allowable Factor Of safety
Case Qverturnin
g Sliding | Overturning Sliding
Static Condition 3.81 1.61 2.00 1.50
Seismic Condition 2.29 1.18 1.50 1.00
Reinforcement Table :-
Component Reinforcement Details (Fe 500 )
Stem Main Backiill Bundle of 32mmdia. bar
Reinforcement face at 140 mmc/c
Other 32mmdia. barat 140
face mm clc
Distribution Both 25 mm dia. barat 180
Reinforcement face mm cfc
Raft Main At top Bundle of 32mmdia. bar
Reinforcement and at 160 mmclc
Bottom
Distribution At top 20 mm dia. bar at 150
Reinforcement and mm ¢/¢c
Botiom

This wall can be used for bearing pressure = 450 KN/m?
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B) R.C.C. RETAINING WALL WITH SHEAR KEY

1) HEIGHT :-10.0 M
Type :- R.C.C. Retaining Wall With Shear Key

Stress Table:-
1.Flood protection wall at height of 10.0m
Stresses (KN/m?) Permissible Stresses (KN/m?) Shear key Dimension
Mini | Maximum y d
At Heel | At Toe mum
40.01 108.78 0.00 1400.00 0.87 0.40
-12.75 161.54 562.50
0.00
{1.25 x bearing Pressure})
Factor Of Safety Allowable Factor Of safety Shear key Dimension
Overturn y d
ing Sliding Overuming | Sliding
2.31 0.82 2.00 1.50 0.87 0.40
1.61 0.66 1.50 1.00
Reinforcement Table :-
Component Reinforcement Details (Fe 500 )
Stem Main Backfill face 32mmdia. barat 150
Reinforcement mm cfc
Other face 32mmdia. bar at 150
mm ¢/c
Distribution Both face 20 mm dia. bar at
Reinforcement 220 mm ¢/¢c
Raft Main At top and 32 mmdia. barat 90
Reinforcement Bottom mm ¢lc
Distribution At top and 20 mm dia. barat 300
Reinforcement Boitom mm clc

This wall can be used for bearing pressure = 450 KN/m?
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2) HEIGHT :-12.0M
Type :- R.C.C. Retaining Wall With Shear Key

Stress Table:-
2.Flood protection wall at height of 12.0m
Stresses (KN/m?) | Permissible Stresses (KN/m?) Shear key Dimension
At Heel | AtToe | Minimum | Maximum y d
25.68 155.49 | 0.00 400.00 1.31 0.61
-43.76 |224.94 562.50
0.00 (1.25 x bearing
Pressure)}
Factor Of Safety | Allowable Factor Of safety Shear key Dimension
At Heel | AtToe | Minimum | Maximum y d
2.02 0.78 2.00 1.50 1.31 0.61
1.43 0.63 1.50 1.00

Reinforcement Table ;-

Component | Reinforcement Details {Fe 500 }
Stem Main Backfill face 32mmdia. bar at
Reinforcement 150 mm clc
QOther face 32mmdia. bar at
150 mmclc
Distribution Both face 20 mm dia. bar at
Reinforcement 220 mm clc
Raft Main At top and Bundle of 32 mm
Reinforcement Bottom dia. barat 140
mm c/c
Distribution At top and 20 mm dia. bar at
Reinforcement Bottom 300 mm clc

This wall can be used for bearing pressure = 450 KN/m?2



3) HEIGHT :-14.0 M

Type - R.C.C. Retaining Wall With Shear Key

Stress Table:-
3.Flood protection wall at height of 14.0m
Stresses (KN/m?) | Permissible Stresses (KN/m?) Shear key Dimension
At Heel |AtToe | Minimum | Maximum y d
29.39 233.24 | 0.00 400.00 1.60 0.72
-76.44 339.07 562.50
6.00 (1.25 x bearing
Pressure))
Factor Of Safety | Allowable Factor Of safety Shear key Dimension
At Heel | AtToe | Minimum | Maximum y d
2.07 0.89 2.00 1.50 1.60 0.72
1.41 0.71 1.50 1.00
Reinforcement Table :-
Compo Reinforcement Details (Fe 500 )
nent
Stem Main Backfill face 32mm dia. bar at
Reinforcement 150 mm c/c
Other face 32 mm dia. bar at
150 mm clc
Distribution Both face 20 mm dia. bar at
Reinforcement 150 mm c/c
Raft Main At top and Bundle of 32 mm
Reinforcement Bottom dia. barat 120
mm c/¢
Distribution At top and 20 mm dia. bar at
Reinforcement Bottom 300 mm cle

This wall can be used for bearing pressure =

450 KN/m?
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4} HEIGHT :-16.0 M
Type :- R.C.C. Retaining Wall With Shear Key

Stress Table:-

4.Flood protection wall at height of 16.0m
Stresses (KN/m?) | Permissible Stresses (KN/m?) Shear key Dimension
AtHeel [ AtToe [ Minimum | Maximum y d
48.05 210.28 | 0.00 400.00 2.30 1.04
-46.31 304.64 562.50

0.00 (1.25 x bearing

Pressure))

Factor Of Safety | Allowable Factor Of safety Shear key Dimension
At Heel | AtToe | Minimum | Maximum y d
2.18 0.84 2.00 1.50 2.30 1.04
1.52 0.67 1.50 1.00

Reinforcement Table :-

Component Reinforcement Details {Fe 500 )
Stem Main Backfill 32 dia. barat 100 mm
Reinforcement _face clc
Other 32 mm dia. bar at 100
face mm cfc
Distribution Both 20 mm dia. bar at 140
Reinforcement face mm cic
Raft Main At top Bundle of 32 mm dia.
Reinforcement and barat 170 mmcic
Bottom
Distribution At top 20 mm dia. bar at 150
Reinforcement and mm cfc
Bottom
This wall can be used for bearing pressure = 450 KN/m?
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5) HEIGHT :-18.0 M

Type :- R.C.C. Retaining Wall With Shear Key

Stress Table:-

5.Flood protection wall at height of 18.0m
Stresses (KN/m?) | Permissible Stresses (KN/m?) | Shear key Dimension
At Heel At Toe | Minimum | Maximum y d
34.86 244 .30 0.00 400.00 3.05 |[1.39
-74.32 353.49 562.50
0.00
(1.25 x bearing
Factor Of Safety Allowable Factor Of safety Shear key Dimension
AtHeel [AtToe | Minimum | Maximum y d
2.06 0.8 2.00 1.50 305 |1.39
1.44 0.64 1.50 1.00

Reinforcement Table :-

Component Reinforcement Details (Fe 500 )
Stem Main Backfill face 32 dia. bar at 90
Reinforcement mm c/c
Other face 32 mm dia. bar at
180 mm c/c
Distribution Both face 20 mm dia. bar at
Reinforcement 120 mm c/c
Raft Main At top and Bundle of 32 mm
Reinforcement Bottom dia. barat 125
mm cl/c
Distribution At top and 20 mm dia. bar at
Reinforcement Bottom 150 mim cfc

This wall can be used for bearing pressure = 450 KN/m?
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6) HEIGHT :-20.0 M

Type :- R.C.C. Retaining Wall With Shear Key

Stress Table:-
6.Flood protection wall at height of 20.0m
Sr. Case Permissible  Stresses | Shear key
No Stresses (KN/m?) | (KN/m?) Dimension
At Toe AtToe | Minimum | Maximum |y d
Static 66.21 169.73 390 |1.77
1 . 0.00 400.00
Condition
o -17.58 253.57 562.50
Seismic
2 N 0.00 (126 X
Condition )
bearing
Sr. Case Factor Of Safety Allowable Factor Of [ Shear key
No safety Dimension
AtHeel [AtHeel | Minimum | Maximum |y d
Static 2.19 0.71 390 |[1.77
1 3 2.00 1.50
Condition
Seismic 1.57 0.58
2 - 1.50 1.00
Condition

Reinforcement Table :-

Component Reinforcement Details (Fe 500 )
Stem Main Backfill Bundie of 32 mm dia.
Reinforcement face barat 140 mm c¢/c dia.
barat mmclc
Other 32 mmdia. barat 170
face mm cfc
Distribution Both face 20 mm dia. bar at 120
Reinforcement mm cfc
Raft Main At top Bundie of 32 mm dia.
Reinforcement and barat 180 mmc/c
Bottom mm dia. barat mmclc
Distribution Attop 25 mm dia. bar at 150
Reinforcement and mm clc
Bottom
This wall can be used for bearing pressure = 450 KN/m?
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COUNTER-FORT TYPE RETAINING WALL { HEIGHT =10.0M) :

As per the calculations final dimensions of retaining wall are as below,

1. Stem : top width = 0.8 0 m, bottom width = 0.80 m,
height = 8.00 m

2. Heelslab : width = 2.550 m, thickness = 1.00 m

3. Toe Slab : width = 4.600 m, thickness = 1.00 m

4. Shear Key : depth = 0.80 m, width =1.256m

5. Counterfort : width = 0.80 m

spacing of counterfort=1= 3.5m clc
DETAILS OF REINFORCEMENT
The details of reinforcement in stem are tabulated below:-
SR.NO. | COMPONENT STEEL DIA IN MM AND SPACING IN MM
1. STEM VERTICAL VERTICAL HORIZONTAL BARS
BARS ON BARS ON

SOIL FACE OTHER FACE

UPTC 5.0 MHT. 320 @90 320 @110 12@ @ 100 C/C ON EACH
FACE

50MTO10.0M 320 @180 320 @220 1282 @ 100 C/C ON EACH
FACE

The details of reinforcement in heel are tabulated below:-

SR.NO. | COMPONENT | STEEL DIA IN MM AND SPACING IN MM

1. HEEL SLAB TOP AND DISTRIBUTION SHEAR REINFORCEMENT PER
BOTTOM STEEL | STEEL M WIDTH.
320 @120 200 @ 240 129 2legged @ 300 C/C

The details of reinforcement in toe are tabulated below:-

SR.NO. | COMPONENT | STEEL DIA IN MM AND SPACING IN MM

1. TOE SLAB TOP AND DISTRIBUTION SHEAR REINFORCEMENT PER
BOTTOM STEEL | STEEL. M WIDTH,
320 @120 200 @ 240 129 2legged @ 300C/C

The details of reinforcement in toe are tabulated below:-

SR.NO. | COMPONENT STEEL DIA IN MM AND SPACING IN MM

1. COUNTERFORT | MAIN STEEL HORIZONTAL TIES VERTICAL TIES
( INCLINED
BARS)

250 150clc 12@LINKS @ 100C/C | 12 @ LINKS @ 100 C/C
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COUNTER-FORT TYPE RETAINING WALL { HEIGHT =12.0M) :

As per the calculations final dimensions of retaining wall are as below;

1. Stem : top width = 0.8 0 m, bottom width = 0.80 m,
height = 11.00 m

2. Heelslab - width = 2.000 m, thickness = 1.00 m

3. Toe Slab - width = 6.200 m, thickness = 1.00 m

4. Shear Key : depth = 0.80 m, width = 1.256 m

5. Counterfort s width = 0.80 m
spacing of counterfort ={= 3.5m clc

DETAILS OF REINFORCEMENT
The details of reinforcement in stem are tabulated below:-

SR.INO. | COMPONENT STEEL DIA IN MM AND SPACING IN MM
1. STEM VERTICAL VERTICAL HORIZONTAL BARS
BARS ON SO/L. | BARS ON
FACE OTHER FACE
UP TO 6.0 M HT. 320 @90 320 @ 110 12@ @ 100 C/C ON EACH
FACE
6.0MTO12.0M 32Q @180 320 @220 12@ @ 100 C/C ON EACH
FACE

The details of reinforcement in heel are tabulated below:-

SR.NO. | COMPONENT | STEEL DIA IN MM AND SPACING IN MM

T HEEL SLAB | TOP AND DISTRIBUTION | SHEAR REINFORCEMENT PER
BOTTOM STEEL | STEEL M WIDTH.
320 @ 100 200 @ 200 160 2legged @ 300 C/C

The details of reinforcement in toe are tabulated below:-

SR.NO. | COMPONENT | STEEL DIA IN MM AND SPACING IN MM

1, TOE SLAB TOP AND DISTRIBUTION | SHEAR REINFORCEMENT PER
BOTTOM STEEL | STEEL . M WIDTH.
320 @ 100 200 @ 200 16O 2legged @ 300 CIC

The details of reinforcement in COUNTERFORT are tabulated below:-

SR.NO. | COMPONENT STEEL DIA IN MM AND SPACING IN MM

1. COUNTERFORT | MAIN STEEL HORIZONTAL TIES VERTICAL TIES
{ INCLINED
BARS)
25@ 150c/kc 12 @ LINKS @ 100 C/C | 12 D LINKS @ 100 C/C
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COUNTER-FORT TYPE RETAINING WALL { HEIGHT =14.0M) :

As per the calculations final dimensions of retaining wall are as below;

1. Stem - top width = 0.8 0 m, bottom width = 0.80 m,
height = 13.00 m
2. Heel slab : width = 3.500 m, thickness = 1.00 m
3.Toe Slab : width = 7.50 m, thickness = 1.00 m
4.Shear Key : depth = 0.80 m, width =125 m
5.Counterfort s width =080 m
spacing of counterfort=1= 3.5m cfc

DETAILS OF REINFORCEMENT

The details of reinforcement in stem are tabulated below:-

SR.NO. | COMPONENT STEEL DIA IN MM AND SPACING IN MM
1. STEM VERTICAL VERTICAL HORIZONTAL BARS
BARS ON SOIL | BARS ON
FACE OTHER FACE
UPTOC 7.0 MHT. 320 @90 329 @110 120 @ 100 C/C ON EACH
FACE
70MTO120M 3290 @180 320 @220 122 @ 100 C/C ON EACH
FACE

The details of reinforcement in heel are tabulated below:-

SR.NO. | COMPONENT | STEEL DIA IN MM AND SPACING IN MM

1. HEEL SLAB TOP AND DISTRIBUTION SHEAR REINFORCEMENT PER
BOTTOM STEEL | STEEL M WIDTH.
329 @100 200 @200 16 @ 2legged @ 300C/C

The details of reinforcement in toe are tabulated below:-

SR.NO. | COMPONENT | STEEL DIA IN MM AND SPACING IN MM

1. TOE SLAB TOP AND DISTRIBUTION SHEAR REINFORCEMENT PER
BOTTOM STEEL | STEEL . M WIDTH.
320 @ 100 200 @200 16 @ 2legged @ 300C/C

The details of reinforcement in COUNTERFORT are tabulated below:-

SR.NO. { COMPONENT STEEL DIA IN MM AND SPACING IN MM

1. COUNTERFORT | MAIN STEEL HORIZONTAL TIES VERTICAL TIES
( INCLINED
BARS)
320 150clc 12 @ LINKS @ 100 C/C | 12 @ LINKS @ 100 C/C
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RCC CANTILEVER WALL WITH BUTTRESS COLUMN AND BRACING BEAMS SECTION
{HEIGHT =10.0M):

As per the calculations final dimensions of retaining wall are as below;

1. Stem : top width = 0.75 m, bottom width = 1.50 m,
height = 10.00 m

2. Heel slab : width = 3.500 m, thickness = 0.76 m

3.Toe Slab : width = 1.75 m, thickness = 0.75 m

DETAILS OF REINFORCEMENT

The details of reinforcement in stem are tabulated below:-

SR.NC., | COMPONENT STEEL DIA IN MM AND SPACING IN MM
1. STEM VERTICAL VERTICAL DISTRIBUTION STEEL
BARS ON SOIL | BARS ON
FACE OTHER FACE
10.0 M HEIGHT 326 @200 320 @ 300 202 @ 300 C/C ON EACH
FACE

The details of reinforcement in heel are tabulated below:-

SR.NO. | COMPONENT | STEEL DIA IN MM AND SPACING IN MM

1. HEEL SLAB TOP AND BOTTOM STEEL DISTRIBUTION STEEL

320 @250 129 @200

The details of reinforcernent in foe are tabulated below:-

SR.NO. | COMPONENT | STEEL DIA IN MM AND SPACING IN MM

1. TOE SLAB TOP AND BOTTOM STEEL DISTRIBUTION STEEL

32 @ @250 20 @200

The details of reinforcement in STIFFNESS COLUMN @5.0M clear spacing are
tabulated below:-

SR.NO. | COMPONENT STEEL DIA N MM AND SPACING IN MM
1. COLUMN COLUMN SIZE | VERTICAL LATERAL
REINFORCEMENT @ 0.8 REINFORCEMENT
% of Cross Section
150X056M 323 BBARS 10 5 LINKS @ 200 C/C

The details of reinforcement in BRACING BEAM @3.0M clear spacing are
tabulated below:-

SR.NO. | COMPONENT STEEL DIA [N MM AND SPACING IN MM
1. BEAM MAIN ANCHOR BARS SIDE FACE
REINFORCEMENT | (SPACER BAR =25 REINFORCEMENT
MM @)
SIZE 1.50X0.5M | 16 @ 6 BARS 16 2 BARS 16 @ BARS, 6 NO.S ON
EACH FACE
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RCC CANTILEVER WALL WITH BUTTRESS COLUMN AND BRACING BEAMS SECTION
(HEIGHT =12.0M):

As per the calculations final dimensions of retaining wall are as below;

1. Stem

2. Heel slab

3.Toe Slab
DETAILS OF REINFORCEMENT
The details of reinforcement in stem are tabulated below:-

: top width = 0.75 m, bottom width = 2.0 m,
height =12.00 m

. width = 4.0 m, thickness = 1.0 m

: width = 2.0 m, thickness = 1.0 m

SR.NO. | COMPONENT STEEL DIA IN MM AND SPACING [N MM
1. STEM VERTICAL VERTICAL DISTRIBUTION STEEL
BARS ON SO/L | BARS ON
FACE OTHER FACE
12.0 M HEIGHT 320 @150 322 @300 202 @ 250 C/C ON EACH
FACE

The details of reinforcement in heel are tabulated below:-

SR.NO. | COMPONENT | STEEL DIA IN MM AND SPACING IN MM
1. HEEL SLAB TOP AND BOTTOM STEEL DISTRIBUTION STEEL
320 @200 1289 @150
The details of reinforcement in toe are tabulated below:-
SR.NO. | COMPONENT | STEEL DIA IN MM AND SPACING IN MM
1. TOE SLAB TOP AND BOTTOM STEEL DISTRIBUTION STEEL
32@ @ 200 120 @ 150

The details of reinforcement in STIFFNESS COLUMN @5.0M clear spacing are
tabulated below:-

SR.NO. | COMPONENT STEEL DIA IN MM AND SPACING IN MM
1. COLUMN COLUMN SIZE | VERTICAL LATERAL
REINFORCEMENT @ 0.8 REINFORCEMENT
% of Cross Section
20X05M 322 10BARS 10 @ LINKS @ 200 C/C

The details of reinforcement in BRACING BEAM @3.0M clear spacing are
tabulated below:-

SR.NO. | COMPONENT STEEL DIA IN MM AND SPACING IN MM
1. BEAM MAIN ANCHOR BARS SIDE FACE
REINFORCEMENT | (SPACER BAR =25 REINFORCEMENT
MM )
SIZE20X05M |16 8BARS 6@ 2 BARS 16 @ BARS, 7 NO.S ON

EACH FACE
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RCC CANTILEVER WALL WITH BUTTRESS COLUMN AND BRACING BEAMS SECTION
(HEIGHT =14.0M}):

As per the calculations final dimensions of retaining wall are as below;

: top width = 0.75 m, bottom width = 2.5 m,

: width = 4.5 m, thickness = 1.0 m
. width = 2.5 m, thickness = 1.0 m

1. Stem
height =14.00 m
2. Heel slab
3.Toe Slab
DETAILS OF REINFORCEMENT

The details of reinforcement in stem are tabulated below:-

SR.NO, | COMPONENT STEEL DIA IN MM AND SPACING IN MM
1. STEM VERTICAL VERTICAL DISTRIBUTION STEEL
BARS ON SO/L. | BARS ON
FACE OTHER FACE
14.0 M HEIGHT 320 @110 320 @200 20 @ @ 200 C/C ON EACH
FACE

The details of reinforcement in heel are tabulated below:-

SR.NO. | COMPONENT | STEEL DA [N MM AND SPACING IN MM
1, HEEL SLAB TOP AND BOTTOM STEEL DISTRIBUTION STEEL
32Z @120 120 @ 150
The details of reinforcement in toe are tabulated below:-
SR.NO. | COMPONENT | STEEL DIA IN MM AND SPACING IN MM
1. TOE SLAB TOP AND BOTTOM STEEL DISTRIBUTION STEEL
320 @ 120 128 @ 150

The details of reinforcement in STIFFNESS COLUMN @5.0M clear spacing are
tabulated below:-

SR.NO. | COMPONENT STEEL DIA IN MM AND SPACING IN MM
1. COLUMN COLUMN SIZE | VERTICAL LATERAL
REINFORCEMENT @ 0.8 REINFORCEMENT
% of Cross Section
25X05M 32 14 BARS 10 @ LINKS @ 200 C/C

The details of reinforcement in BRACING BEAM @3.0M clear spacing are
tabulated below:-

SR.NO. | COMPONENT STEEL DIA IN MM AND SPACING IN MM
1. BEAM MAIN ANCHOR BARS SIDE FACE
REINFORCEMENT | (SPACER BAR =25 REINFORCEMENT
MM )
SIZE25X05M |16 @ 10BARS 16 @ 2BARS 16 & BARS, 8 NO.SON

EACH FACE
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RCC CANTILEVER WALL WITH BUTTRESS COLUMN AND BRACING BEAMS SECTION

(HEIGHT =16.0M):

As per the calculations final dimensions of retaining wall are as below,

. top width = 1.0 m, bottom width = 2.75 m,
height = 16.00 m
: width = 5.5 m, thickness =12 m
. width = 2,75 m, thickness =1.2m
DETAILS OF REINFORCEMENT
The details of reinforcement in stem are tabulated below.-

1. Stem

2. Heel slab
3.Toe Slab

SR.NO. | COMPONENT | STEEL DIA IN MM AND SPACING IN MM
1. STEM VERTICAL BARS ON VERTICAL BARS DISTRIBUTION
SOIL FACE ON OTHER FACE STEEL
16.0 MHEIGHT | PROVIDE BUNDLES | 32 @ @ 200 200 @ 150 C/C ON
OF2BARS 328 @ 150 EACH FACE

The details of reinforcement in heel are tabulated below:-

SR.NO. | COMPONENT STEEL DIA IN MM AND SPACING IN MM

1. HEEL SLAB TOP AND BOTTOM STEEL DISTRIBUTION STEEL
PROVIDE BUNDLES OF2BARS | 12@ @ 150
320 @ 100

The details of reinforcement in toe are tabulated below:-

SR.NO. { COMPONENT | STEEL DIA IN MM AND SPACING [N MM

1. TOE SLAB TOP AND BOTTOM STEEL DISTRIBUTION STEEL
PROVIDE BUNDLES OF 2BARS | 12 @ @ 150
2@ @100

The details of reinforcement in STIFFNESS COLUMN @5.0M clear spacing are

tabulated below:-

SR.NO. | COMPONENT STEEL DIA IN MM AND SPACING IN MM
1. COLUMN COLUMN SIZE | VERTICAL LATERAL
REINFORCEMENT @ 0.8 | REINFORCEMENT
% of Cross Section
275 X056 M 323 16 BARS 10 @ LINKS @ 200 CiC

The details of reinforcement in BRACING BEAM @3.0M clear spacing are

tabulated below:-

SR.NO. | COMPONENT STEEL DIA IN MM AND SPACING iN MM
1. BEAM MAIN ANCHOR BARS SIDE FACE
REINFORCEMENT | (SPACER BAR =25 REINFORCEMENT
MM )
SIZE 275 X 0.5 | 209 7 BARS 16 2 BARS 16 & BARS, 8 NO.S ON
M EACH FACE
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RCC CANTILEVER WALL WITH BUTTRESS COLUMN AND BRACING BEAMS SECTION

(HEIGHT =18.0M):

As per the calculations final dimensions of retaining wall are as below;
- top width = 1.5 m, bottom width = 3.25 m,
height = 18.00 m
: width = 5.5 m, thickness = 1.2 m
: width = 3.25 m, thickness =1.2m
DETAILS OF REINFORCEMENT
The details of reinforcement in stem are tabulated below:-

1. Stem

2. Heel slab
3.Toe Slab

SR.NO. | COMPONENT

STEEL DIA IN MM AND SPACING IN MM

1. STEM VERTICAL BARS ON VERTICAL BARS DISTRIBUTION
SOIL FACE ON OTHER FACE STEEL
18.0 MHEIGHT | PROVIDE BUNDLES | 322 @ 200 208 @150C/CON
QOF2BARS 320 @ 150 EACH FACE

The details of reinforcement in heel are tabulated below:-

SR.NO. | COMPONENT

STEEL DIA IN MM AND SPACING IN MM

1. HEEL SLAB TOP AND BOTTOM STEEL DISTRIBUTION STEEL
PROVIDE BUNDLES OF 2BARS | 120 @ 150
320 @100

The details of reinforcement in toe are tabulated below:-

SR.NO. | COMPONENT

STEEL DIA IN MM AND SPACING IN MM

1. TOE SLAB TOP AND BOTTOM STEEL DISTRIBUTION STEEL
PROVIDE BUNDLES OF 2BARS | 122 @ 150
320 @ 100

The details of reinforcement in STIFFNESS COLUMN @5.0M clear spacing are

tabulated below:-

SR.NO. | COMPONENT

STEEL DIA IN MM AND SPACING IN MM

1. COLUMN

COLUMN SI1ZE | VERTICAL LATERAL
REINFORCEMENT @ 0.8 | REINFORCEMENT
% of Cross Section

3.25X05M 32 18BARS 10 @ LINKS @ 200 C/C

The details of reinforcement in BRACING BEAM @3.0M clear spacing are

tabulated below:-

SR.NO. | COMPONENT STEEL DIA iN MM AND SPACING IN MM
1. BEAM MAIN ANCHOR BARS SIDE FACE
REINFORCEMENT | (SPACER BAR =25 REINFORCEMENT
MM @)
SIZE 325 X 0.5 | 202 10BARS 16 @ 2 BARS 16 @ BARS, 10 NO.S ON
M EACH FACE
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RCC CANTILEVER WALL WITH BUTTRESS COLUMN AND BRACING BEAMS SECTION

(HEIGHT =20.0M}):

As per the calculations final dimensions of retaining wall are as below,
: top width = 1.5 m, bottom width = 4.5 m,

height = 20.00 m
: width = 6.8 m, thickness = 1.5 m
: width = 4.7 m, thickness = 1.5 m
DETAILS OF REINFORCEMENT

The details of reinforcement in stem are tabulated below:-

1. Stem

2. Heel slab
3.Toe Slab

SR.NO. | COMPONENT | STEEL DIA IN MM AND SPACING IN MM
1. STEM VERTICAL BARS ON VERTICAL BARS DISTRIBUTION
SOIL FACE ON OTHER FACE STEEL
20.0 MHEIGHT | PROVIDE BUNDLES | 320 @ 150 253 @ 150C/C ON
OF2BARS 32 @ @150 EACH FACE

The details of reinforcement in heel are tabulated below:-

SR.NO. | COMPONENT | STEEL DIA IN MM AND SPACING IN MM

1. HEEL SLAB TOP AND BOTTOM STEEL DISTRIBUTION STEEL
PROVIDE BUNDLESQOF2BARS | 16 @ @ 200
320 @100

The details of reinforcement in toe are tabulated below:-

SR.NO. | COMPONENT | STEEL DIA IN MM AND SPACING IN MM

1. TOE SLAB TOP AND BOTTOM STEEL DISTRIBUTION STEEL
PROVIDE BUNDLES OF 2BARS | 16 @ @ 200
329 @100

The details of reinforcement in STIFFNESS COLUMN @5.00 clear spacing are

tabulated below:-

SR.NO. | COMPONENT STEEL DIA [N MM AND SPACING IN MM
1. COLUMN COLUMN SIZE | VERTICAL LATERAL
REINFORCEMENT @ 0.8 | REINFORCEMENT
% of Cross Section
45X05M 32 24 BARS 10 @ LINKS @ 200 CiC

The details of reinforcement in BRACING BEAM @3.0M clear spacing are

tabulated below:-

SR.NO. | COMPONENT | STEEL DIA IN MM AND SPACING IN MM
1. BEAM MAIN ANCHOR BARS SIDE FACE
REINFORCEMENT | (SPACER BAR = 25 REINFORCEMENT
MM @)
SIZE45X05M | 202 12 BARS 16 @ 2 BARS 16 @ BARS, 12 NO.SON
EACH FACE

67




CROSS SECTION OF GRAVITY
RETAINING WALL WITH BOTH SIDES SLOPE




CROSS SECTION OF FLOOD PROTECTION WALL
HEIGHT OF WALL 4 M

JOP R.L. ;l
WEEP HOLES 100 ¢
@ 3000 C/C STAGGERED

0.30 f}

SUITABLE
IMPERVIOUS
BACKFILL

. -
00 THK SAND LAYER
AY;

1000 |—-

1

16 ¢ AT 240 C/C

BOTHWAYS 00 THK GRAVEL

200 THK METAL

(VARYING)

b

SCALE - 1:100

GOVERNMENT OF MAHARASHTRA
WATER RESOURCES DEPARTMENT

CENTRAL DESIGN ORGNIZATION NASHIK -4
{DAM CIRCLE)

STANDARD FLOOD PROTECTION WALL

DRAYN BY:

ST[PMM&. (RS, RAPUT) {R.M, LORE)
ASSISTAHT ENGIN GR U SUB DIMSIONAL ENGINNER SUPERINTENDING EMGINEER

CHECKED BY:

TH.PA (R.S.DESHUMUKH)
ass:sufwr BN R EXECUTIVE ENGINEER, CHIEF ENGINEER




CROSS SECTION OF FLOOD PROTECTION WALL
HEIGHT OF WALLG6 M

(VARYING)

SUITABLE
IMPERVIOUS
BACKFILL

6000

N 00 THK SAND LAYER
d—/200 THK GRAVEL
200 THK METAL

oY

SCALE - 1:100

GOVERNMENT OF MAHARASHTRA

WATER RESOURCES DEPARTMENT
CENTRAL DESIGN ORGNIZATION ,NASHIK 4

(DAM CIRCLE)
STANDARD FLOOD PROTECTION WALL
DRAWH BY:
mﬂ%% o SUs Dl(\;tk.ss'wwclmm Mmﬁﬂm
CHECKED BY:
{TH.PATL (R.S.DESHUUNH) CHIEF ENGINEER

ASSISTANT EN EXECUNIVE EMGINEER.




CROSS SECTION OF FLOOD PROTECTION WALL
HEIGHT OF WALL 8 M

WEEP HOLES 100 ¢

@ 3000 C/C STAGGERED SUITABLE
IMPERVIQUS

BACKFILL

16 & AT 240 C/C

BOTHWAYS SLOPE
: 200 THK SAND LAYER
W~ 00 THK GRAVEL
200 THK METAL
FOUNDATION RL. W L
(VARYING) Y Y

SCALE - 1:100

GOVERNMENT OF MAHARASHTRA
WATER RESOURCES DEPARTMENT

CENTRAL DESIGN ORGNIZATION ,NASHIK -4
{DAM CIRCLE)

STANDARD FLOOD PROTECTION WALL

DRAWN BY:

(Pmmgﬂ‘ {R.S. RAPUY) (R MORE}
ASSISTANT ENCINI GR SUS DIVISIDNAL EHGIMNER SUPERINTENIDXNG ENGIREER
CHECKED BY:

{TH.PATL {RS.CESHMUKH)

ASSISTANT BN trRE EXECUTIVE ERGINEER. CHIEF ENGIHEER




CROSS SECTION OF FLOOD PROTECTION WALL
HEIGHT OF WALL 10 M

iVAR‘I’lNGs

SCALE - 1:200

10000

{DAM CIRCLE)

GOVERNMENT OF MAHARASHTRA
WATER RESOURCES DEPARTMENT
CENTRAL DESIGN ORGNIZATION ,NASHIK -4

STANDARD FLOOD PROTECTION WALL

DRAWN BY:

assISTRNY BieETR ca 8

(RS, RAPUT)
SUB DIVISIONAL ENGIHNER

{R.ML LORE)
SUPERINTENDIN

G ENGINEER

CHECXED BY:

(TMPA
ASSISTANT marr%t GR U

(R.S.0ESHMUKH)
EXECUTVE ENGINEER.

CHIEF ENGINEER




CROSS SECTION OF FLOOD PROTECTION WALL
HEIGHT OF WALL 12 M

SUITABLE
IMPERVIOUS
BACKFILL

u
P
)
=
12000

SCALE — 1:200

GOVERNMENT OF MAHARASHTRA
WATER RESOURCES DEPARTMENT
CENTRAL DESIGN ORGNIZATION ,NASHIK -4

{DAM CIRCLE)
STANDARD FLOOD PROTECTION WALL
DRAW BY:
_AS_SS‘}&% cr 3 | suB DOSONAL ENGINER SUPERSTENOND, ENGNEER
ASSISTAN e, CR 8 bc(zgéusﬁv?" gﬁgm_ CHIEF ENGIHEER




CROSS SECTION OF FLOOD PROTECTION WALL
HEIGHT OF WALL 14 M

iVARYINGi

b4 b4

SCALE - 1:200

IMPERVIOUS

SUITABLE
BACKFILL

GOVERNMENT OF MAHARASHTRA

WATER RESOURCES DEPARTMENT
CENTRAL DESIGN ORGNIZATION NASHIK -4

{DAM CIRCLE)

STANDARD FLOOD PROTECTION WALL

DRAYN BY:
g(nmmg (RS RARUT) {RM. MOREY
ASSISTANT EN CR |  SUB DIVMSIONAL BHCINNER SUPERINTENDING ENGINEER
CHECKED BY:
(RSDESHMUIM) CHIEF ENGHEER

MPATH.
ASEST&HT ENG'H&H. CR O

EXECUTVE EMGNEFR.




CROSS SECTION OF FLOOD PROTECTION WALL
HEIGHT OF WALL 16 M

SUITABLE
IMPERVIOUS
BACKFILL

2400 THK SAND LAYER

200 THK GRA
200 THK I\*IETJR""LEL

m{\%ﬁ%ﬁf v v L

SCALE ~ 1:200

GOVERNMENT OF MAHARASHTRA
WATER RESOURCES DEPARTMENT
CENTRAL DESIGN ORGNIZATION .NASHIK -4

(DAM CIRCLE)
STANDARD FLOOD PROTECTION WALL
BRAW BY:
AsSSTE ettt o | sup nf&éouﬂ%mm ammﬁ%uﬂt%mm
CHECKED BY
ASS:STAE’J'&% cr N Dg.ws.nm&n CHEF ENGINEER




CROSS SECTION OF FLOOD PROTECTION WALL
HEIGHT OF WALL 18 M

SUITABLE
IMPERVIOUS
BACKFILL

1BOOO

200 THK SAND LAYER
200 THK GRAVEL
200 THK METAL

SCALE -~ 1:200

GOVERNMENT OF MAHARASHTRA
WATER RESOURCES DEPARTMENT
CENTRAL DESIGN ORGNIZATION ,NASHIK -4

(DAM CIRCLE)
STANDARD FLOOD PROTECTION WALL
DRAWN BT
OO e Iy u({tls&maﬁnmm SUPERA OO, ENGHEER
CHECKED BY:
msmﬁa‘r"‘&% cR 8 aé%mnv?;l% CHIEF ENGINEER




CROSS SECTION OF FLOOD PROTECTION WALL
HEIGHT OF WALL 20 M

./ SUITABLE
IMPERVIOUS
BACKFILL

20000

200 THK SAND LAYER
200 THK GRAVEL
200 THK METAL

END RLY

b4 P4
SCALE - 1:200

GOVERNMENT OF MAHARASHTRA

WATER RESOURCES DEPARTMENT
CENTRAL DESIGN ORGNIZATION ,NASHIK -4
(DAM CIRCLE}

STANDARD FLOOD PROTECTION WALL

DRAYH BY:

(PMHAQR‘ (R.5. RAJPUT) (RLLL MORE)
ASSISTANT EHGIN GR O S8 DIVROHAL ENGHHER SUPERINTENDING EHNGINEER
CHECKED 8Y:

(T.H.PATIL) {R.S.DESHUUKH)
ASSISTANT ENGINEER. GR 1 EXECUTRVE ENGNEER, CHIEF ENGINEER




CROSS SECTION OF FLOOD
PROTECTION WALL R.C.C.
CANTILEVER TYPE WITHOUT
SHEAR KEY




CROSS SECTION OF WALL
FOR HEIGHT 6.00 M

[MAIN STEEL]
BOTH FACE

C/C BOTH FACE

BOTH FACE

DIA.@150MM C/C ON

[DISTRIBUTION STEEL]
16MM DIA.€150 MM

S

[MAIN STEEL] 20MM
CIA.©250 MM C/C ON

N

- | 350

=t
=7
FAFKALR

|BACKFILL SIDE |

%
I LA

B I ]

200 TK_METAL

200 TK BOULDER

A

200 TK SAND LAYER

[DIST STEEL]

500 - |o————— 6000 ——————|

SCALE:

1:100

— 2320 - gy
580 80

20MM DIA.©250 MM C/C

GOVERNMENT OF MAHARASHTRA

WATER RESOURCES DEPARTMENT
CENTRAL DESIGN ORGNIZATION ,NASHIK -4

(DAM CIRCLE)

STANDARD FLOOD PROTECTION WALL

DRAYH BY:

(T.H., PATIL) R.S. RAFUT) (A, MORE)
ASSISTANT ENGINEER. CR 8 | SUB DIMSONAL ENGNNER | SUPERINTENDING ENGINEER
CHECKED BY:
{VBKHALAKE)Y (RS.CESHUURH)
ASSISTANT ENGINEER. CR 0 EXECUTIVE ENGINEER. CHIEF ENGNEER




8000

500 ~| }

CROSS SECTION OF WALL
FOR HEIGHT 8.00 M

[MAIN STEEL] 20MM

DIA.@140MM C/C

(DISTRIBUTION STEEL] 16

MM DIA.@150 MM C/C

[MAIN STEEL]
20MM DIA.€100
MM C/C ON
BOTH FACE

[BACKAILL SIDE |

SCALE: 1:100

1780}
800

A.___200 TK SAND LAYER
200 TK_METAL
1 200 7K BOULDER

[DISTRIBUTION STEEL]
20 MM DIA.©200 MM
C/C ON BOTH FACE

GOVERNMENT OF MAHARASHTRA

WATER RESOURCES DEPARTMENT

CENTRAL DESIGN ORGNIZATION ,NASHIK -4

ASSISTANT ENGINEER. GR H

{ T
SUB DAVISIONAL ENGINNER

(DAM CIRCLE)
STANDARD FLOOD PROTECTION WALL
DRAWN BY:
{TH, PATIL) R.S, RARU

{RA HORE}
SUPERIN

TENDING ENGINEER

CHECKED @1

{V.B.KHALANE)
ASSISTAMT ENGINEER. CR 0

{R.S.DESHUUKH)
EXECUTIVE ENGIREER.

CHIEF ENGINEER




CROSS SECTION OF WALL
FOR HEIGHT 10.00 M

[BACKFILL SIDE| - |o—220

MAIN STEEL . [MAIN STEEL]
32MM DIA.©200 MM C/ : 32MM DIA.©200 MM C/C

DISTRIBUTION STEEL
20MM DIA.@300 MM C

200 TK SAND LAYER
200 TK METAL
200 TK BOULDER

[MAIN STEEL FOR BOTTOM SM
32MM DIA.€200 MM C

)
10000

[MAIN STEEL]
[MAIN STEEL] 1750 32MM DIA.©250 MM C/C
32MM DIA.G250 MM C/C ol
1599 ~
[DISTRIBUTION STEEL]
20MM DIA.@300 MM C/C | 6750 |
SCALE: 1:200

GOVERNMENT OF MAHARASHTRA
WATER RESOURCES DEPARTMENT
CENTRAL DESIGN ORGNIZATION NASHIK -4
{DAM CIRCLE)
STANDARD FLOOD PROTECTION WALL
DRAWH BY:
(T PATL) (RS, RARUT) (RAL WORE)
ASSISTANT ENGINEER. GR &t | SUB DVMSIONAL ENGNNER | SUPERINTENDING ENGINEER
CHECKED BY:
Asssg%% RN Bé%s#wmg‘% CHIEF ENGINEER




CROSS SECTION OF WALL
FOR HEIGHT 12.00 M

o750
LFM T o [MAIN STEEL] T
32N Dl o150 M CTE 32MM DIA.@300 MM C/C
[DISTRIBUTION STEEL
20MM DIA.€260 MM C/C
200 TK SAND LAYER o
200 TK METAL 8
200 TK BOULDER S
[MAIN STEEL FOR BOTTOM 6M -
32MM DIA.G150MM C/C
WA STEEL] [MAIN STEEL)
32uM DIAISO MM C/0\e_4000 ¥ §2009 32MM DIA.@150 MM C/C o
o
[DISTRIBUTION STEEL]
20MM DIA.@300 MM C/C 2000 \ T
{MAIN STEEL]

[MAIN STEEL] { 8000

I 32MM DIA.@150 MM C/C

32MM DIA.®150 MM C/C !

SCALE: 1:200

GOVERNMENT OF MAHARASHTRA

WATER RESOURCES DEPARTMENT
CENTRAL DESIGN ORGNIZATION ,NASHIK -4

{DAM CIRCLE}

STANDARD FLOOD PROTECTION WALL

DRAWN BY:

(VM. PATL)

(RS, RARUT) (M. MORE)
ASSISTANT ENGINEER. R #t |  SUB DIMSIONAL ENGNNER |  SUPERINTENDING ENGINEER

CHECHED BY:

{¥.B.XHALANE)

(RS.OESHUUKH)

ASSISTANT ENGINEER. CR B EXECURVE ERGINEER. CHIEF ENGINEER




CROSS SECTION OF WALL
FOR HEIGHT 14.00 M

—~ |-250
[MAIN STEEL) i -T-
32MM DIA.G150MM C/C 3
l\[MAIN STEEL]
BACKFILL SIDE 32MM DIA.C150 MM C/C
[DISTRIBUTION STEEL)
20MM DIA.©200 MM C/C
200 TK SAND LAYER o
200 TK METAL . o
200 TK BOULDER : g
(MAIN STEEL FOR BOTTOM 7M] p
32MM DIA.®120MM C/C 3
[MAIN STEEL] 2500 MAIN S
32MM DIA.8150 MM C/C 4_500 (—gZMM Dlis.gi:'.l.'-)OMM c/C o}
") ~ <]
[DISTRIBUTION STEEL] 2500, T
20MM DIA.®300 MM C/C
MAIN STEEh] [MA[N STEEL]
32MM DIA.@150 MM C/C 32MM DIA.8150 MM C/C
| 9500 i

SCALE: 1:200

GOVERNMENT OF MAHARASHTRA
WATER RESOURCES DEPARTMENT
CENTRAL DESIGN ORGNIZATION ,NASHIK -4
{DAM CIRCLE)
STANDARD FLOOD PROTECTION WALL
DRAWH BY:
{TH. PATL) (RS RARUT) {RM. WORE}
ASSISTANT EHNGINEER. GR B U8 DIVISIOHAL EMGINMER SUPERINTENGING EMGINEER
CHECXED 8Y;




CROSS SECTION OF WALL
FOR HEIGHT 16.00 M

|._1000
[MAIN STEEL] _
32MM DIA.G90 MM C/C r [MAIN STEEL
BACKFILL SIDE : |~ 324M DIA@I0 MM C/C
[DISTRIBUTION STEEL] 3
20MM DIA.©150 MM 3
C/C ON BOTH FACE ]
200 TK SAND LAYER o
200 TK METAL : a
200 TK BOULDER 5 =
[MAIN STEEL FOR BOTTOM BM] 5
32MM DIA.@30 MM C/C :
[MAIN STEEL] BUNDLE OF ' [MAIN STEEL]
32MM DIA.@30 MM C/C 5500 2750, 2oMit DIA.€30 MM c/C o
ol
RO000Z: 000000 hhitbid J0000N ] =
[DISTRIBUTION STEEL] 2750 T
20MM DIA.8150 MM C/C ==
BMAIN STEELC]—- L [MAIN STEEL]
32MM DIA.@I0MM C/C 32MM DIA.@30 MM C/C
t 11000 {
{ |
SCALE: 1:200

GOVERNMENT OF MAHARASHTRA
WATER RESOURCES DEPARTMENT
CENTRAL DESIGN ORGNIZATION ,NASHIK -4
{DAM CIRCLE)

STANDARD FLOOD PROTECTION WALL
DRAWN BY:
CHECKED BY:

ASSISUANT ENGNEER. 08 8 | ExEcomyE toarien CHEF ENGNEER




CROSS SECTION OF WALL
FOR HEIGHT 18.00 M

1500
== [MAIN STEEL

]
[MAIN STEEL] i 35— 32MM DIA.OZ00MM c/C T
32MM DIA.@ 140 MM C/C ! 3
[ 4
BACKFILL SIDE : 3
[DISTRIBUTION STEEL] |
20MM DIA.©160 MM C/C b
l[ P
i L
200 TK SAND LAYER
b o
o
o
@
[MAIN STEEL FOR BOTTOM 9M
BUNDLE OF 32MM DIA.@140 MM C/C
SURoLE OF o : :
UNDL . MAIN STEEL
DIA.@100 MM C/C §.-3250 /32MM DIA.G100 MM C/C
ROSSNNNNN ANNN 200000 ] 1
(DISTRIBUTION STEEL] " [._.|3250 o
20MM DIA.@150 MM C/C &
MAIN STEEL]— [MAIN STEEL)
32MM DIA.@100MM C/C 12000 BUNDLE OF 32MM DIA.G100 MM c/c
|

SCALE: 1:200

GOVERNMENT OF MAHARASHTRA
WATER RESOURCES DEPARTMENT
CENTRAL DESIGN ORGNIZATION ,NASHIK -4

{DAM CIRCLE)
STANDARD FLOOD PROTECTION WALL
DRAWN BY:
ASSS'H;:‘\: ggh’zm can| sum ﬁmﬁm SUPERITIIONG, ENGNEDR
CHECKED BY:
ASSIST(IH%% GR & &m CHIEF ENGNEER




CROSS SECTION OF WALL
FOR HEIGHT 20.00 M

fo—e] 1500, MAIN STEEL
[MAIN STEEL] i 32MM DIA.@140MM C/C

32MM DIA.@ 140 MM C/C
BACKFILL SIDE

[DISTRIBUTION STEEL]
25MM DIA.@180 MM C/C

200 TK SAND LAYER
200 TK METAL
200 TK BOULDER

20000

[MAIN STEEL FOR BOTTOM 9M]
BUNDLE OF 32MM DIA.@140 MM C/C

[MAIN STEEL]
BUNDLE OF 32MM

DIA.@160 MM C/C—\
l 5800

[MAIN STEEL]
4700 32MM DIA.@160 MM C/C

[DISTRIBUTION STEEL]
2OMM DIA.€150 MM C/C

MAIN STEEL | _[MAIN STEEL

32MM’ DIA.@160 MM C/C BUNDLE OF 32MM ]DIA.@150 MM C/C

L 15000 I
i

1500 |

SCALE: 1:200

GOVERNMENT OF MAHARASHTRA

WATER RESOURCES DEPARTMENT
CENTRAL DESIGN ORGNIZATION ,NASHIK -4

{DAM CIRCLE)
STANDARD FLOOD PROTECTION WALL
DRAWN BY:
Assusgi:‘f gg}e’m cru| sus u%mﬂnmm wﬁﬁ%ﬁmm
CHECKED BY:
msgm oL aé%wm?;% CHIEF ENGINEER




CROSS SECTION OF RCC FLOOD
PROTECTION WALL WITH SHEAR KEY




CROSS SECTION OF WALL
FOR HEIGHT 10.00 M

BACKFILL FACE

[MAIN STEEL]
32MM DIA.8150 MM C/C

200 TK SAND LAYER
200 TK METAL
200 TKBOULDER

[DISTRIBUTION STEEL
20MM DIA.©220 MM C/C

[DISTRIBUTION

STEEL) l
20MM DIA.C300 MM _C/C

SHEAR KEY 400MM X 900MM ——

25

N

5550

100 ¢ WEEP HOLES

/ 3000 C/C STAGGERED

HOLDING BARS 2GMM DIA.

[MAIN STEEL]
32MM DIA.G150 MM C/C —T-

WATER FACE

5000

5000

2200

L ot

] o
t—[um: S:EEL]

32MM DIA.€30 MM C/C

} 7750
SCALE: 1:200

GOVERNMENT OF MAHARASHTRA

WATER RESOURCES DEPARTMENT
CENTRAL DESIGN ORGNIZATION ,NASHIK -4

{DAM CIRCLE)

STANDARD FLOOD PROTECTION WALL

COMP. DRAFTED BY:

(V.BXHALANE) (RS. RAPLUT) (R, KORE)
ASTSTANT ENGHEER, CR I | _SUB DIMSIONAL ENGINNER | SUPERMTERDING ENGNEER
CHECKED BY:
{TN. PATIL) (RLS.DESHNUICH) CMIEF ENGINEER

ASSISTANT ENGINEER. GR A

EECUTWE ENGINEER.




CROSS SECTION OF WALL
FOR HEIGHT 12.00 M

BACKFILL FACE
[MAIN STEEL]

32MM DIA.GI50 MM C/C

[DISTRIBUTION STEEL]
20MM DIA.0220 MM C/C
200 TK SAND LAYER

200 TK METAL
200 TKBOULDER

[MAIN STEEL FOR BOTTOM_EM

32MM DIA.CG210MM C/C

(DISTRIBUTICN S
20MM DIA©300 MK

SHEAR KEY G10MM X 1350””]

2500

WATER FACE
[MAIN STEEL]

32MM DIA.@1S0 MM C/C

alre——

100 ¢ WEEP HOLES
3000 C/C STAGGERED

HOLDING BARS 25MM DIA.

TEEL)

c/C

6000 |

BUNDLE OF32MM DIA.G140 MM C/C

8500 |

SCALE: 1:200

GOVERNMENT OF MAHARASHTRA
WATER RESOURCES DEPARTMENT
CENTRAL DESIGN ORGNIZATION NASHIK -4

{DAM CIRCLE)

STANDARD FLOOD PROTECTION WALL

COMP. DRAFTED BY:

{V.B.KHALANE)

ASSISTANT ENGHEER. GR &

{RS RARUT)

SUB DIVISIDNAL ENGINNER

{RM. MORE)

SUPERINTENONG ENGINEER

CHECKED BY:

{TH. PATL)

ASSISTANT ENGINEER. GR

{RS.DESHMUKH)
EECUTIVE ENGINEER.

CHIEF ENGHEER




CROSS SECTION OF WALL
FOR HEIGHT 14.00 M

[MAIN STEEL] }—n}-2000,

3ZMM DIA.C 150 MM C/C

VY,

[DISTRIBUTION STEEL]
20MM DIA.GIS0 MM C/C

200 TK SAND LA
200 TK METAL Jama
200 TKEOULOER

BACKFILL FACE

[MAIN STEEL FOR BOTICM_7M
32MM DIA.C1BOMM C/C

[MAIN STEEL)

e
32MM DIA.€ 150 MM C/C

100 ¢ WEEP HOLES
3000 C/C STAGGERED

WATER FACE

HOLDING BARS 25MM DIA.

[DISTRIBUTION STEEL]

20MM DIA.@300 MM C/C

16MM DIA.0240 MM 0/0_4:'_:.
SHEAR KEY 720MM X1600MM

‘__[MA]‘I:I. STEEL)

BUNDLE OF32WM DIA.@120 MM C/C

l
-

SCALE: 1:200

9500 :

l 7000

7000

(DAM CIRCLE)

GOVERNMENT OF MAHARASHTRA
WATER RESOURCES DEPARTMENT
CENTRAL DESIGN ORGNIZATION ,NASHIK -4

STANDARD FLOOD PROTECTION WALL

COUP, DRAFTED BY:

(V.EBKHALANE)
ASSISTANT ENGINEER. CR ¥ | SUB [XVISIONAL ENGINNER

(RS RAPUT)

M, M
SUPERINTENDING ENCGIHEER

(RAM. MORE)

CHECKED BY:

(TH. PATL)

{R.S.DESHUUKH)

ASSISTANT ENGNEER. GR W EXECUTIVE EMGINEER.

CHIEF ENGINEER




CROSS SECTION OF WALL
FOR HEIGHT 16.00 M

BACKFILL FACE
[MAIN STEEL]
32MM DIA.©100 MM C/C

[DISTRIBUTION STEEL]
20MM DIA.©140 MM C/C

200 TK SAND LA
200 TK METAL
200 TKBOULDER

[MAIN STEEL FOR BOTTOM BM
32MM DIA.C120MM C/C

[DISTRIBUTION STEEL]
20MM DIA.C150 MM_C/C

16MM DIA.G240 MM c/c—aé

| ) 2000
f WATER FACE T
] [MAIN STEEL)
™ 32MM DIA.G100 MM C/C
100 ¢ WEEP HOLES Q
3 /.3000 C/C STAGGERED S
P
1 HOLDING BARS 25MM DIA.
.
(]
o
o
3]
8500 |
T TPOTTTPTTTYTY L [ R
o
L
[MAIN STEEL]

SHEAR KEY 1040MM X 2300MM

12000

SCALE:

A

1:200

BUNDLE OF32MM DIA.@170 MM C/C

GOVERNMENT OF MAHARASHTRA
WATER RESOURCES DEPARTMENT
CENTRAL DESIGN ORGNIZATION ,NASHIK -4

(DAM CIRCLE)

STANDARD FLOOD PROTECTION WALL

COMP. DRAFTED BY:

ASSISTANT ENGINEER. GR 1

EXECUTIVE EHGINEER.

(V.BKHALANE) (RS RAFUT) (R.AL MORE)
ASSISTANT ENGINEER. CR 8 | SUD DIVSIONAL EHGINNER SUPERINTENOIHG ENGINEER
CHECKED BY:
{TH, PATILY {REDESHUMUIH) CHIEF ENGIHEER




CROSS SECTION OF WALL
FOR HEIGHT 18.00 M

[MAIN STEEL]
32MM DIA.@30 MM C/C

[DISTRIBUTION STEEL]
20MM DIA.G120 MM C/C

200 TK SAND LA

200 TK METAL
200 TKBOULDER

BACKFILL FACE

[MAIN STEEL FOR BOTTOM SM
32MM DIA.GSOMM C/C

[DISTRIBUTION STEEL)
20MM DIA.@150 MM C/C

[ |_2000

3730

32MM

o e

[MAIN STEEL)
DIA.C€180 MM C/C

100 ¢ WEEP HOLES
3000 C/C STAGGERED

WATER FACE

HOLDING BARS 25MM DIA.

|

16MM DIA.0240 MM'

3 4

SHEAR KEY 1390MM X .'SOSDMMj

13500

[MAIN STEEL]

. 9000
[

9000

1750

BUNDLE OF32MM DIA.G125 MM C/C

SCALE: 1:200

GOVERNMENT OF MAHARASHTRA
WATER RESOURCES DEPARTMENT
CENTRAL DESIGN ORGNIZATION ,NASHIK 4

(DAM CIRCLE)

STANDARD FLOOD PROTECTION WALL

COUP, DRAFTED BY:

ASSISTANT ENGINEER. R &

EECUTIVE ENGIREER.

{V.BLKHALANE) {R.5. RAPUT) {R.LL MORE)
ASSISTANT ENGIREER. CR B | SUB DIVISIOHAL ENGIMNER SUPERINTENDING ENGINEER
CHECKED BY:
(TN, PATIL) {R.S.DESHUUKH) CHEF ENGNEER




CROSS SECTION OF WALL
FOR HEIGHT 20.00 M

BACKFILL FACE
[MAIN STEEL]
32MM DIA.@140 MM C/C

[DISTRIBUTION STEEL]
20MM DIA.G120 MM C/C

200 TK SAND LA
200 TK METAL

12200]

[

=

b

200 TKBOULDER !

[MAIN STEEL FOR BOTTOM 10
BUNDLE OF32MM DIA.G140MM C/C

3

«
4
4
4

3750

100 & WEEP HOLES
3000 C/C STAGGERED

HOLDING BARS 25MM DA

<

WATER FACE —
4 [MAIN STEEL]
32MM DIA.@170MM C/C

{ 10000

10000

BUNDLE OF 32MM DIA.© 1B0 MM C/C

[DISTRIBUTION STEEL -1t 1
0 M UGS FO VUUDRIURTMITRO £
25MM DIA.G150 MM C/C ; ﬁmu S

16MM DIA.0240 MM C/C [
SHEAR KEY 1770MM X 3900MM —— L

I 168000 |

| }

SCALE: 1:200

GOVERNMENT OF MAHARASHTRA
WATER RESOURCES DEPARTMENT
CENTRAL DESIGN ORGNIZATION ,NASHIK -4

{DAM CIRCLE)

STANDARD FLOOD PROTECTION WALL

COMP. DRAFTED BY:

ASSISTANT ENGINEER. GR 8

{V.BKHALANE) (RS, RANUT) (RM. MORE}
ASSISTANT ENGNEER. GR 0 | SuB DIMSIONAL ENGINNER |  SUPERINTENDING ENGINEER
CHEOKED BR
(T3, PATLY {RS.DESHULH) HIEF EXGNEER

EECUTIVE ENGINEER.




CROSS SECTION OF COUNTERFORT
FLOOD PROTECTION WALL




CROSS SECTION OF WALL
FOR HEIGHT 10.00 M

32MM © 220MM C/C
HEEL SLAB TO 32MM © 180MM C/C
TOP OF STEM)
1(5 (01 oowscg
12MM 2 LEGGED
© 300MM C/C
S RATER ST) BACK FiLL Si0E]
b e
32MM © 110MM %c s
(UPTO 5M HEIGH
i 32MM\©@ 90MM C/C
== YUPTO, 5M HEIGH
20MM © 300MM C/
HAUNCH BAR 25MM
©300MM C/C s
32MM ©@ 120MM C/C N
(MAIN STEEL) 1,9
e r e I
300!
R IR |
= = 20MM © 240MM C/C
oAy W@ "> s2uM 6 120MK C/C " (DISTRIBUTION by
| (MAIN STEEL) OF HEEL SLAB)
20MM © 240MM C/C 4
(DISTRIBUTION STEEL OF OMM © 200MM C/C (MAIN
HEEL SLAB) STEEL OF SHEAR KEY)

16MM © 200MM C/C (DIS
STEEL OF SHEAR KEY)

}— 2550 —~{800}— 2700 —|

SCALE - 1:100

GOVERNMENT OF MAHARASHTRA

WATER RESOURCES DEPARTMENT
CENTRAL DESIGN ORGNIZATION ,NASHIK -4

{DAM CIRCLE)
STANDARD FLOOD PROTECTION WALL
COMP, DRAFTED BY:
mmﬂ%&% can| e ot(\%mwmm m&%’mﬁ%um
CHECKED BY:
AsSSHT EAGNEER, GR I aémug&n. CHIEF ENGNEER




© 300MM C/C
e ]
Qo
=4
WATER SJDE] BACK FRL S0
Aun
2MM_© 90MM_C/C
UPTO 7M HE!GH6 "’““‘“I
o= 32UM © TI0MM C/C
(UPTG 7M HEIGHT)
20MM © 300MM C/!
HAUNCH BAR 25MM
@300MM C/C
s2um © 10omM_c/c N\ Y ?.,%m 5%21?0;" /e
(MAIN STEEL ) \ E¢..,%’;.._
To = 1 16MM 2 LEGGED
g J 4@2§ ESeaiEh © 300MM C/C
16MM 2 LEGGED 0™ I (5% 20MM © 200MM C/C
300MM C/C 3 (DISTRIBUTION STEEL
[ & OF HEEL SLAB)
20MM © 200MM C/C
{DISTRIBUTION STEEL \_'20MM © 200MM C/C
OF TOE SLAB) (MAIN STEEL. OF
SHEAR K
16MM © 200MM C/C EY)
(DIST. STEEL OF
SHEAR KEY)

CROSS SECTION OF WALL

FOR HEIGHT 12.00 M

3201 © 180UM cjcﬁ:J

15MM @ 200MM C/C

(DISTRIBUTION STEEL] |

12MM 2 LEGGEL

N 3and o 220MM C/C

lo— 2400 —{800}s——— 6200 ——————

SCALE - 1:100

GOVERNMENT OF MAHARASHTRA
WATER RESOURCES DEPARTMENT
CENTRAL DESIGN ORGNIZATION ,NASHIK -4

(DAM CIRCLE)

STANDARD FLOOD PROTECTION WALL

COUP, DRAFTED BY:

{TH. PATLY (RS RAPUT) {RAL WORE)
ASSISTANT ENGNEER. CR 0 | SUB DIMISIONAL ENGINNER |  SUPERINTENDING ENGINEER
CHECKED BY:

ELKHALAN

ANT EN RN

(R.S.DESHMUNH)
EXECUNVE ENGINEER. CHIF ENGNEER




CROSS SECTION OF WALL
FOR HEIGHT 14.00 M

32MM © 220MM C/C =0
HEEL SLAB TO TO

OF STEM)

y 32MM © 1BOMM C/C

12MM © 300MM C/C
{DISTRIBUTION STEEL

o
S 12MM 2 LEGGED
2] © 300MM C/C
at
[WATER SIDH BACK Ll SICE]
20 © 110MM C/CH
UPTO 7M HEIGH

e 32MM_© JOMM C/C
(UPTO 7M\HEIGHT)

20MM © J00MM C/C

HAUNCH BAR 25MM
©300MM C/C MM © 100MM C/C

320K © 100MM_C/C 3 (MAIN STEEL )
| (MAIN STEEL ) ‘ ¢. ,S'£|..._
raX

. : 16
2 TITTHE TS o E7E°
= 2 i1
- & § || jfag— o0 20MM © 200MM C/C
300MM C/C (DISTRIBUTION STEEL OF
HEEL SLAB)

20MM © 200MM C/C d

DISTRIBUTION STEEL OF T0

(sma) 20MM © 200MM C/C (MAIN
STEEL OF SHEAR KEY)

16MM © 200MM C/C (DIST,
STEEL OF SHEAR KEY)

Je——— 4500 {800} 3500 -
SCALE ~ 1:100

GOVERNMENT OF MAHARASHTRA
WATER RESOURCES DEPARTMENT

CENTRAL DESIGN ORGNIZATION ,NASHIK -4
(DAM CIRCLE)

STANDARD FLOOD PROTECTION WALL

COUP, DRAFTED BY:

{TH. PATILY {RS. RAPUT) {RAL MORE)
ASSISTAHT ENGIREER. GR N SUB DPASIONAL ENGINHER SUPERINTENDING ENGNEER
CHECKED BY:

B KHALAM {RS.DESHMUIH)
ANT EN GR A BECUTIVE ENGNEER. CHIZF ENGNEER




CROSS SECTION OF CANTILEVER
WALL WITH BUTTRESS COLUMN
AND BRACING BEAM




[PART 1]

BACKFILL /gg{:\ {750k
MAIN STEFL f— [MAIN STEEL]
szm.{ DIA.©200 l]ll Cc7/C 32MM DIA.O300 MM C/C
{DISTRIBUTION_STEEL] S
20MM DIA.0300 MM C/C o
2%}“ TE",&“E’TA'-,{“’EL__; d M [DISTRIBUTION STEEL
200 TKBOULDER UMM DIA.0300 WM C/C
F—f-—§ - BRACING BEAM 1500x500
100 © WEEP HOLES I | S | (SEE DETAILS BELOW B)

3000 C/C STAGGERED )

A

l o

NE S
t ] m j

/S

BUTTRESS COLUMN 1500 X 500w

>

o
]
200 O ose o ]é/T\t—— 3500 $ : ] |E

DISTRIBUTION Wrz%,—I;‘A E = .:]'

M DIA.Q200
CROSS SECTION OF
WALL FOR HEIGHT 10.00 M

SCALE: 1:100

[MAIN STEEL) :
32MM DIA.©250 MM C/C [

hithil

[DISTRIBUTION STEEL] SSs2202s0
12MM DIA.0200 WM C/CEem EE2E

R/F DETAILS FOR RAFT TOP

[MAIN STEELL
32MM DIA.€250 MM C/C

[DISTRIBUTION STEEL]
12MM DIA.€200 MM C/C

R/F DETAILS FOR RAFT BOTTOM

GOVERNMENT OF MAHARASHTRA

WATER RESOURCES DEPARTMENT
CENTRAL DESIGN ORGNIZATION ,NASHIK 4
{DAM CIRCLE)

STANDARD FLOOD PROTECTION WALL

COLP, DRAFTED BY:
{V.BKHALANE) (RS RAFPUT) (RAL WORE)
ASSSTANT ENGNCER. CR 8 | SUB DIMSIONAL ENGOXER | SUPERINTENDING ERGINEER
CHECKED av:
{T.H. PATL) (RS.DESHUUXH)
ASSISTANT ENGINEER. GR W EXECURVE ENGINEER, CHIEF ENGINEER




[MAIN STEEL] S
32MM DIA.©200MM c/c[HEH

[DISTRIBUTION STEEL] 3
20MM DIA.©300 MM C/C [HiH |

R/F DETAILS FOR STEM ON BACKFILL SIDE

[MAIN STEEL)
32MM DIA.@300MM C/C 1

[DISTRIBUTION STEEL] ] 4
20MM DIA.©300 MM C/C i

R/F DETAILS FOR STEM ON OTHER SIDE

VERTICAL STEEL

2 ¢ B NO.S
10 ¢ STIRRUPS & o
— 1500 —
DETAILS AT A STIFFNESS COLUMN

SCALE~ 1:50

SIDE REINFORCEMNT
16 MM @ 6 BARS ON MAIN REINFORCEMNT
EACH FACE A 16 MM ¢ 6 NO.S
10 @ STRRUPS &[[  ° ° J-S—SPACER BARS 25 MM
LINKS @ 200 C/C] D ¢

— 1500 —
DETAILS AT B OF BRACING BEAM

SCALE~ 1:50

[PART 2]

(DAM CIRCLE)

GOVERNMENT OF MAHARASHTRA
WATER RESOURCES DEPARTMENT
CENTRAL DESIGN ORGNIZATION .NASHIK -4

STANDARD FLOOD PROTECTION WALL

COUP, DRAFTED BN

ASQSTANT ENCIHEER. GR N EXECUTIVE EHGINEER.

{V.B.KHALANE) {R.S. RARUT) (LW, MORE}
ASSISTANT ENGINEER, CR K | SUS DIVSIONAL ENGINHER SUPERINTEN{XNG ENGIREER
CHECKED BY:
{T.M. PATL) {R.SDESHULKH) CHEF ENGNEER




[PART 1]

i
T
o
o

BACKFILL SIE
e

(MAN STEEL]
32MM DIA.0150 MM C/C -

szl Bia 0300 e c/c

4L 3000 —

BRACING BEAM 2000xS500

SSRBRIE W e~ ]

> - T\ {SEE DETAILS BELOW B)
200 TK SAND LAYER O
200 TK METAL o 100 @ WEEP HOLES
200 TKBOULDER — % 3000 C/C STAGGERED

ey

—- 4000
19O (man sTEEL

""" -t 32MM DIA.0200 MM C/C
DISTRIBU'I'ION
u DIAOIS0 MM C/C  EMaamroccassaa O DU el

8000 T
CROSS SECTION OF
WALL FOR HEIGHT 12.00 M
SCALE: 1:100

smu[gﬁ.ﬁoﬁ}a c/fc SSEESESSSSes=——s

E =

sES=SSssssmeeesss

FEEsssssse— o S inare e /6,

ZESSsE Sas

R/F DETAILS FOR RAFT TOP

GOVERNMENT OF MAHARASHTRA
WATER RESOURCES DEPARTMENT

CENTRAL DESIGN ORGNIZATION ,NASHIK -4
{DAM CIRCLE)

STANDARD FLOOD PROTECTION WALL

COUP. DRAFTED 8Y:

(V.BXHALANE) (RS. RAPUT) {RM. MORE)
ASSISTANT ERCGINEER. GR A 8 DIVSIONAL ERGINNER SUPERIHNTEHDING ENGINEER
CHECKED 0T

(TN PATL) (R.S.DESHMUKH)
ASSISTAHT ENGINEER. R & EXECUTIVE ENGNEER, CHIEF ENGHEER




{PART 2]

[MAIN STEEL]
32MM 01A.0200 MM C/C A

[DISTRIBUTION STEEL)
1234 DIAGIS0 MM C/C

R/F DETAILS FOR RAFT BOTTOM

1t
'P.IA!N STEEIL.‘] 1!
J2MM° DIA.QISOMM C/C T

DISTRIBUTION STEEL) [{T
20MM DIA.0250 MM C/C HHH
11

R/F DETAILS FOR STEM ON BACKFILL SIDE

|
[‘:Jmu STEEL) i
32MM DIA.O300MM C/C 1

[DISTRIBUTION STEEL |
20MM DIA.0250 MM C/C i

R/F DETAILS FOR STEM ON OTHER SIDE

VERTICAL STEEL
. 32 ¢ 10 NO.S
12%0 oc.%naups & LINKS ] IUS)
}— 2000 —m—
DETAILS AT A
BUTTRESSING COLUMN
SCALE=- 1 o0
MAIN REINFORCEMNT
16 MM © 8 ND.S

SIDE REINFORCEMNT
16 MM ¢ 8 BARS ON EACH FACE

25
MM @
10 @ STIRRUPS & S
LNKS © 200 C/C . 0
; 2000 !
DETAILS AT B
OF
SCALE- 1:50

GOVERNMENT OF MAHARASHTRA
WATER RESOURCES DEPARTMENT

CENTRAL DESIGN ORGNIZATION ,NASHIK -4
{DAM CIRCLE)

STANDARD FLOOD PROTECTION WALL

COMP. DRAFTED BY:

{V.BLKHALANE) (LS. RARPUT) (RLAL MORE}
ASSISTANT ENCINEER. GR 0 | SUD DIMSIOHAL ENGINHER SHUPERIMTENDING ENGINEER
CHECKXED BY:
(T.H. PATL) {R.S.DESHUUKH}

CHIEF EMGIHEER

ASSISTANT ENGINEER. GR B EXECUTIVE ENGNEER,




- 750 [PART 1]

BACKFILL S%&

T T o o
amr&”&lxoﬁﬁd c/C | 8
R
< AR IS
R R METAL T T 100 ¢ WEEP HOLES
200 TKEOULDER | o >sooo C/C STAGGERED
A

—3
L >

4

-

o

] ———
-a s . -

[DISTRIBUTION STEEL
20UM DIA.0200 MM C/C<]

140

BUTTRESS COLUMN 2500 X 500

1000

D0 —

o

p—— 4500 —

|

|

l

” :
Hg— 3000 — +— 3000 —-

o

on

o

Q

it

{

- 2
—

— e ———

DISTRIBUTICK 1 ]
M DIA.G150 MM CI;L E _ s 4

:55‘»‘::" n?foado MM C/C

CROSS SECTION OF
WALL FOR HEIGHT 14.00 M

SCALE: 1:100

[MAN STEEL) : SE==
32MM DIA0120 MM C/C f EEE

SSESS

£ =====¥{

=522 [OISTRIBUTION STEEL]
SE: =2 12MM DIA.0150 MM C/C

TETH ﬁ.ﬂ_{l

R/F DETAILS FOR RAFT TOP

GOVERNMENT OF MAHARASHTRA
WATER RESOURCES DEPARTMENT

CENTRAL DESIGN ORGNIZATION NASHIK -4
{DAM CIRCLE)

STANDARD FLOOD PROTECTION WALL

COMP, DRAFTED BY:

{V.B.KHALANE) {RE RARUT) (RM. MORE)
ASSISTANT ENGINEER. GR 8 |  SUB DOASIONAL ENGINNER |  SUPERINTENDING ENGIHEER

CHECKED BY:

{TH. PATL) {R.S.DESHULKH)
ASSISTANT ENGINEER. GR W EXECUTIVE ENGINEER. CHIEF ENGINEER




{PART 2]

[MAIN STEEL}
32MM DIA.0120 MM C/CTIN

{DISTRIBUTION STEEL
12MM DIA.O150 MM C/C

R/IF DETAILS FOR RAFT BOTTOM

i

DISTRIBUTION STEEL :::ﬂ
200 DIA.O200 MM C/ }
1

MAIN STEEL !
3zm} DIA.O1 |0|.m] ¢/C 1

-

R/F DETAILS FOR STEM ON BACKFILL SIDE

et

[MAIN STEEL]. 1
32MM DIA.OZDOMM C/C i

[OISTRIBUTION STEELé
20MM DIA©200 MM C/C 1|

R/F DETAILS FOR STEM ON OTHER SIDE

VERTICAL STEEL

09 _ 32 ¢ 14 HO.S
200 C/C L = =

f——— 2500 ———|

DETAILS AT A
BUTTRESSING COLUMN (C1)
SCALE— 1:50
MAIN
SIDE REINFORCEMNT ?65 P:JI;JOR%NT

- 16 MM ¢ B BARS/STI EACH FACE /ND.S
v ) O_ SPACER
2 BRREREEE
f—— 2500 ———+|
DETAILS AT B
OF BRACING BEAM

SCALE— 1:50

GOVERNMENT OF MAHARASHTRA
WATER RESOURCES DEPARTMENT

CENTRAL DESIGN ORGNIZATION ,NASHIK -4
{DAM CIRCLE)

STANDARD FLOOD PROTECTION WALL

COMP. DRAFTED BY:

{V.ELKHALANE) (LS. RAPUT) (RAL MORE)
ASSISTANT ENGNEER. CR i | SUD DIVSIONAL ENGNNER | SUPERINTENDING ENGINEER
CHECKED BY:

(T4, PATL) (RS.DESHUUIH)
ASSISTANT ENGINEER. GR W EXECUTIVE ENGINEER. CHIEF ENGINEER




BACKFILL SIDE
TIOTS

[MAIN STEEL FOR BOTTOM 8M]
32MM DIA.@20 MM C/C |

BUTTRESS COLUMN 2730 X 500 —a-

32MM DIAGI00 MM

00

—_—

41

3000 —=

B NDld!MOAI'!NWr’O A]RS
gZM DIA.NSOQIH cfc
DISTRIBUTION STEEL] .
M DIAGISO MM C

200 TK SAND LAYER
200 TK METAL-
200 TKBOULDERS

——N000 - f

16000

poefo—— 3000 < b— 3000 —+

—— i ——

------------

CROSS SECTION OF
WALL FOR HEIGHT 16.00 M

SCALE: 1:100

1

{PART 1]

325%”&&50%01 MM C/C

BRACING BEAM 2750x5C0
{SEE DETAILS BELOW 8)

EISTRIBUTION STEEL

M DIA,O150 MM C/C

{DAM CIRCLE)

GOVERNMENT OF MAHARASHTRA
WATER RESOURCES DEPARTMENT
CENTRAL DESIGN ORGNIZATION NASHIK -4

STANDARD FLOOD PROTECTION WALL

COMP, ORAFTED BY:

ASSSTANT ENGINEER. GR @ EXCUNVE ENGINEER,

{V.B.XKHALANE) {R.S. RAJPUT} {RM, MORE)
ASSSTANT ENGINEER. GR & SUB DIVISIOMAL ENGINMER SUPERINTENDING ENGINEER
CHECKED @v:
{T.M. PATIL} {R.S.DESHUUXH)

CHiEF ENGINEER




[o15TRIBUY

INON_STEEL] B
12MM DIA.0140 MM C/C B

[DISTRIBUTION STEEL]

HHHT

[PART 2]

MAIN STEEL

BUNDLE OF 2 BARS OF

3ZMM 01A.0100 MM C/C

= =
—
R/F DETAILS FOR RAFT TOP

MAIN STEEL)

OF 2 BARS OF

324M DIA.0100 MM C/C

T2uM DIA.O140 KM C/C

[MAIN STEEL)
BUNDLE OF 2 BARS OF
32MM DIA.O150 MM C/C

DISTRIGUTION STEEL mn
20MM DIA.GIS0 MM €,

R/F DETAILS FOR RAFT BOTTOM

10 ¢ STIRRUPS &

VERTICAL STEEL

{32 ¢ 16 NO,
=
_ _ 5

LINKS @ 200 /¢ CB=—— =
}— 2750 :
DETAILS AT A
BUTTRESSING COLUMN
aUALE~ 1300

R/F DETAILS FOR STEM ON BACKFILL SIDE

z;‘wun STEEL FOR
W DIA.Q200 MM C/c

‘LISTRJBUTION STEEL].
W DIAO1SO MM C/C

SIDE REINFORCEMNT
16 MM ¢ 8

MAN
REINFORCEMNT
20 MM ¢

ARS OM EACH FACE  7HOS
e " . SPACER
BARS
x 2 . N N 25

serese _
— 2750 g e
DETAILS AT B
OF BRACING BEAM

SCALE- 1:50

R/F DETAILS FOR STEM ON OTHER SIDE

SCALE— 1:50

GOVERNMENT OF MAHARASHTRA
WATER RESOURCES DEPARTMENT
CENTRAL DESIGN ORGNIZATION ,NASHIK -4

{DAM CIRCLE)

STANDARD FLOOD PROTECTION WALL

COMP. DRAFTED BY:

{V.BXHALANE})
ASSSTANT ENGINEER. GR A

(RS. RAPUTY
SUB DIVISIONAL ERGINNER

(R.M, MORE)
SUPERINTEMOING ERGINEER

CHECKED ax:

{T.N. PATL)
ASSISTANT ENGINEER. CR 0

{R.S.DESHMUKH)
EXECUTIVE ENGINEER.

CHIEF ERGNEER




SRR

[MAIN STEEL]

BUNDLE OF TWO BARS OF
32MM DIA.®150 MM C/C

[DISTRIBUTION STEEL]
20MM DIA.©150 MM

c/c

BACKFILL
SIDE

[MAIN STEEL] BUNDLE
OF 2 BARS 32MM
DIA.©100 MM C/C

[PART 1}

[MAIN STEEL)
32MM_DIA.@200MM

e e —— — ——]

| —— — e — g ]

l—— 3000 —f — 3000 —= F— 3000 —+

3250

9000

12000

1200

c/c

100 ¢ WEEP HOLES
3000 C/C
STAGGERED

[DISTRIBUTION STEEL]
12MM DIA.@150 MM C/C

CROSS SECTION OF WALL FOR HEIGHT 18.00 M

SCALE: 1:100

GOVERNMENT OF MAHARASHTRA
WATER RESOURCES DEPARTMENT
CENTRAL DESIGN ORGNIZATION ,NASHIK -4

(DAM CIRCLE)

STANDARD FLOOD PROTECTION WALL

COMP. DRAFTED BY:

ASSISTANT ENCINEER. GR

EXECUTIVE ENGHEER.

{V.EKHALANE) {RS. RAFUT) (LM, MORE)
ASSISTANT EMGINEER. CR 8 | SUB DIVISIONAL ENGNMER | SUPERINTENDING ENGHEER
CHEOED B
{T.N. PATL) {R.S.DESHUUKH) CHEF ENGNEER




BUNDLE OF 2 BARS

32MM DIA.©100 MM [PART 2]
c/C [MAIN STEEL]
=SS
:::‘f:FF: ==§:x:| =4
‘?_=e'=§ =2 f='
- STEEL]. 12
D S e e e o | DIA.@150 MM
R/F DETAILS FOR RAFT TOP e/
BUNDLE CF 2 BARS
32MM DIA.©100 MM
c/C [MAIN STEEL] '\
[DISTRIBUTION
STEEL] 12MM
DA. @150 MM
c/C
R/F DETAILS FOR RAFT BOTTOM
VERTICAL STEEL
32 ¢ 18 NOS
10 ¢ STRRUPS = o
& LINKS O o
200 C/C [: re!
f—— 3250 i
DETAILS AT A
BUTTRESSING COLUMN (C1)
SCALE=1:50
SIDE
[MAIN STEEL] _” i 10 ¢ ziﬁl?:nc%m EOSI%SRSEMNT
BARS 32M DIA OhKS © EACH, FACE 10 Jio.5
oo c/c  HE 200 ¢/C \F — _ = oaceR
DISTRIBUTION STEEL 16MM ¢ 4
204 DIAGI50 MM G/ ANCHOR ot - — MM #
BARS 2| 3250 ——}
R/F DETAILS FOR STEM DETAILS AT B
ON BACKFILL SIDE OF BRACING BEAM
SCALE— 1:50

[MAIN STEEL)
320M DIA.0200MM C/C

1

[BISTRIBUTION STEEL
20MM DIA.O150 MM C/C

R/F DETAILS FOR STEM |z o

GOVERNMENT OF MAHARASHTRA
WATER RESOURCES DEPARTMENT

CENTRAL DESIGN ORGNIZATION ,NASHIK -4
{DAM CIRCLE)

STANDARD FLOOD PROTECTION WALL

ON OTHER SIDE

{V.B.KHALAKE) {R.S. RAPUT) (R, HMORE)
ASSISTANT ENGNEER. CR B SUB DIMSIOHAL ENGNNER SUPERINTER(ING ENCINEER
CHELXED BY:
(T PATL) (RS.DESHMUKH)

ASSISTANT ENGNEER. CR 0 EXECUTIVE ENGINEER. CHIEF ENGNEER




1500 - p-
BACKFILL SIDE [PART1]

[MAIN STEEL] !

BUNDLE OF TWQ BARS OF
32MM DIA.®150 MM C/C

3000 —+

[MAIN STEEL)
IR WA0150MM C/C

100 © WEEP
OLES 3000
C/C STAGGERED

R— -

[
|
|
|
1
|
|
|
f~— 3000 — F— 300

L

[DISTRIBUTION STEEL] —
25MM DIA.®150 MM C/C

1Y

10000

BRACING BEAM 1500x300
(SEE DETAILS BELOW B}

— ———— =

I—— 3000 —~i

!
|
|
|
!
|
L
1
l=— 3000 —-IJ
100

|
§
1
|
l
1
J
l
0

BUTTRESS

gg.!.uuu 4500 X
[MAIN STEEL]

———————— BUNDLE OF TWO BARS OF

[DISTRIBURON STEEL] 32MM DIA.8100 MM C/C

16MM DIA.O200MM C/C ] o
o
5800 f— 4500 — 4700 f

r Ty ey p—(—p——p——— " -\
15000 T

CROSS SECTION OF WALL FOR HEIGHT 20.00 M

SeRtE GOVERNMENT OF MAHARASHTRA
WATER RESQURCES DEPARTMENT

CENTRAL DESIGN ORGNIZATION ,NASHIK -4
(DAM CIRCLE)

STANDARD FLOOD PROTECTION WALL

COMP, DRAFTED BY:

(V.B.XHALANE) (RS, RAFUT) (RM. NORE)
ASSISTANT ENCINEER. GR N | SUB DIVSIONAL ENGINNER SUPERINTENOING ENGINEER
CHECKED BY:
{TH. PATIL) (R.S.DESHUUKH)

ASSISTANT ENGINEER. 67 N EXECUTIVE ENGNEER. CHIEF ENGNEER




[PART 2]

E

SEas=c =25s
SEE ﬁ T
[msmllaunon ]
STEEL] 16MM DETAILS FO [MAIN STEEL
DIA.8200 MM C/C ILS FOR RAFT TOP J%&;ﬁﬁﬂj e/
i
DETAILS FOR RAFT BOTTOM c/c
VERTICAL STEEL
_ ’g; ¢ 24 NO.S _
10 ¢ STIRRUPS & LINKS © _ 1 =
f 4500 {
DETAILS AT A
BUTTRESSING COLUMN
[MAIN STEEL] BUNDLE SCALE—- 1:50
OF 2 BARS OF
32MM DIA.©150MM C/C
[DISTRIBUTION STEEL] _ Hit
25MM DIA.G150 MM it
c/c
DETAILS FOR STEM ON BACKFILL SIDE
g
ON EACH FACE gg’“,:g“ﬁ';“@ |
B 7S JIE
[MAIN STEEL] 32mm EEE 4500 — —— 7 F
DIA.@150MM C/C Fol L?,".},‘& BARS A
2 NOS MM @&

[DISTRIBUTION

STEEL] 25MM

DIA.®150 MM C/C

DETAILS FOR

STEM ON OTHER

SIDE

DETAILS AT B OF BRACING BEAM
=== W

{DAM CIRCLE)

GOVERNMENT OF MAHARASHTRA
WATER RESOURCES DEPARTMENT
CENTRAL DESIGN ORGNIZATION NASHIK -4

STANDARD FLOOD PROTECTION WALL

COUP, ORAFTED BY:

(TH. PATL)
ASSISTANT ENGIMEER. CGR &

(RS.DESHUUKH)
EXECUTVE EHGNEER,

(V.EXHALANE) (RS. RAPUT) {RM. MORE)
ASSISTANT ENGINEER. CR il | SUB DIVISIONAL ENGINMER SUPERINTENDING ENGIMEER
CHECKED B%

CHIEF EMGIHEER




CROSS SECTION OF GRAVITY
RETAINING WALL WITH ONE SIDE
SLOPE (CONVENTIONAL GRAVITY)




CROSS SECTION OF WALL
FOR HEIGHT 6.00 M

“ . 0 '. . - . .l‘- . - )
. QO L . S
| g_z[ BACKFILL SIDE -,

cAk— SAND 200 THICK -
N~ GRAVEL 200 THICK
METAL 200 THICK /

TOP R.L6.00 3i_1990

o

o

WATER SIDE ——-

100 ¢ FORMED WEEP

HOLES AT 3000 C/C
STAGGERED

16_¢ AT 240 C/C

BOTHWAYS \

b+

IN C.C.M15

4200 !

T

SCALE :— 1:100

GOVERNMENT OF MAHARASHTRA
WATER RESOURCES DEPARTMENT

CENTRAL DESIGN ORGNIZATION ,NASHIK -4
{DAM CIRCLE)

STANDARD FLOOD PROTECTION WALL

DRAWH BY:

(P.R.JADHA (RS, RANUT) (R.M. MORE)
ASSISTANT maugn CR N | SUB DIMSIONAL ENGINNER | SUPERINTENDING ENGINEER

CHECKED BY:

(Y.E.RHALANEY (R.5.DESHUUKH)
ASSISTANT ENGNEER. CR # EXECUTIVE ENGINEER. CHIEF ENGHEER




CROSS SECTION OF WALL
FOR HEIGHT 8.00 M

TOP R.L8.00 o 1500 |"

100 ¢ FORMED WEEP

HOLES AT 3000 G/C ™
STAGGERED

T f;;i - BAGKFILL SIDE -

—SAND 200 THICK ~
~GRAVEL 200 THICK ™
METAL 200 THICK

LI |

16 8 AT 240 C/C

BOTHWAYS \2‘

IN C.C.M15

EON.R.L.Q.OC

1 b4
! 5500 |

SCALE :- 1:100

GOVERNMENT OF MAHARASHTRA
WATER RESOURCES DEPARTMENT

CENTRAL DESIGN ORGNIZATION ,NASHIK -4
(DAM CIRCLE)

STANDARD FLOOD PROTECTION WALL

DRAWN BY:

(P.R.JADHA&H- (RS RAJPUT) {RAL MOREY
ASSISTANT ENGIM ¢R 1| SuB IXWSIDHAL ENGINNER SUPERINTENDING ENGINEER

CHECKED BY:

(V.B.KHALANE) {R.S.DESHULKH)

ASSISTANT ENGINEER. GR N EXECUTIVE ENGINEER, CHIEF ENGNEER




CROSS SECTION OF WALL
FOR HEIGHT 10.00 M

WATER SIDE

100 ¢ WEEP HOLES
3000 C/C STAGGERED

16 8 240 C/C o STABLE SLOPE
BOTHWAYS ~— -

L IN G M5

£on, RL o0 Y_I[ 150 (MSA
Y

I 7000 I

|

SCALE: 1:200

GOVERNMENT OF MAHARASHTRA
WATER RESOURCES DEPARTMENT

CENTRAL DESIGN ORGNIZATION ,NASHIK -4
{DAM CIRCLE)

STANDARD FLOOD PROTECTION WALL

DRAYN BY:

(P.RJADHA (RS RAPUT) (RM MORE)
ASSISTANT mmgn_ or 0| SUD DIVSIONAL ENGNNER SUPERINTENDING ENGINEER

CHECKED BY:

(V.ELKHALANE) (RLS.DESHMUKH)
ASSISTANT ENGINEER. GR 1 EXECUTIVE ENGINEER. CHIEF ENGINEER




IOP RL1200 ¥

WATER SIDE
100 ¢ WEEP HOLES

3000 C/C STAGGERED ]

16 @ 240 C/C 120
BOTHWAYS<atf™ N cC M-15

FON. RL 000Y P

CROSS SECTION OF WALL
FOR HEIGHT 12.00 M

—=—=—1000

L 150 (MSA)

" BACKFILL SIDE

200 TK SAND LAYER ./
300 TK METAL. .. - - .
=200 TK BOULDER™

( 8800

SCALE: 1:200

STABLE SLOPE

GOVERNMENT OF MAHARASHTRA

WATER RESOURCES DEPARTMENT
CENTRAL DESIGN ORGNIZATION ,NASHIK -4

{V.BXHALANE)
ASSISTANT ENGINEER. CR A

{R.S.DESHMUKH)
EXECUTIVE EMGINEER.

(DAM CIRCLE)
STANDARD FLOOD PROTECTION WALL
DRAWH BY:
A59<.\'1’(.:;l'l;"ié'.hlm"‘l RN suB DEG?GIWWER m?mﬁ%uﬂcﬁmm
CHECXED BY:

CHIEF ENGNEER




CROSS SECTION OF WALL
FOR HEIGHT 14.00 M

WATER SIDE

" . BACKAILL SIDE

100 ¢ WEEP HOLES.___ |
3000 C/C STAGGERED §

"’ 200 TK SAND LAYER . -
200 TK METAL . -. .
200 TK BOULDER

STABLE SLOPE

16 o 240 C/C

BOTHWAYS
[ IN CC M-15

FDNRL. 000 ¥ b 150 (MSA)
b4
I 10800 I
I |
SCALE: 1:200

GOVERNMENT OF MAHARASHTRA
WATER RESOURCES DEPARTMENT
CENTRAL DESIGN ORGNIZATION ,NASHIK -4

(DAM CIRCLE)
STANDARD FLOOD PROTECTION WALL
DRAWN BY:
ms}&%& cenl sup o&&éww:mm mm&%uﬁa%ﬂ%aum
CHECKED BY:
ASSIST(XN%% CR K aé%:sm% CHIEF ENGIHEER




CROSS SECTION OF WALL
FOR HEIGHT 16.00 M

WATER SIDE - 'BACKFILL SIDE

100 ¢ WEEP HOLES__||
3000 C/C STAGGERED

200 TK SAND LAYER
. 200 TK METAL ,
2200 TKEOULDER . *

STABLE SLOPE

16 ¢ 240 C/G
BOTHWAYS b

5 IN CC M~15
y 5 150 {MSA)
EDN, R.L.0.00
b 4
| 13000 I
I |
SCALE: 1:200

GOVERNMENT OF MAHARASHTRA
WATER RESOURCES DEPARTMENT
CENTRAL DESIGN ORGNIZATION NASHIK -4

{DAM CIRCLE)
STANDARD FLOOD PROTECTION WALL
DRAWN BY:
ASSISIY DG o 8 | _suB o;‘u“issa'mm%mm gmm&%u‘ﬁ%‘gm@
CHECKED BY:
oS0, 0, | SRPEY | ow oo




CROSS SECTION OF WALL
FOR HEIGHT 18.00 M

y 1000

WATER SIDE ' BACKFILL SIDE

100 ¢ WEEP HOLES
3000 C/C STAGGERED |

200 TK SAND LAYER .. .
200 TK METAL . :
1:20 200 TKBOULDER .

IN CC M—15 075 ..~
- 17 '
|F 150 (MSA) —P] S

] L. -
16 ¢ 240 ¢/C | \ .

BOTHWAYS ~

EDN, RL. 0.00¥ I

b
I 14500 !
1

SCALE: 1:200

GOVERNMENT OF MAHARASHTRA
WATER RESOURCES DEPARTMENT
CENTRAL DESIGN ORGNIZATION ,NASHIK -4
{DAM CIRCLE)

STANDARD FLOOD PROTECTION WALL
ORAWH BY:

ASQST‘:N%%& GRa|] =us D&%ﬂlﬁ%ﬂim wp&é«%&&uﬁmm
CHECKED BY:

ssostiat itk cnn | pdsume s T BYoNEER




CROSS SECTION OF WALL
FOR HEIGHT 20.00 M

WATER SIDE , . .. BACKFILL SIDE, . -
] .~ 200 TK SAND LAYER ~ "~
' N 500 TKBOOLOER . - .=~
100 ¢ WEEP HOLES.__|p  1:20 “ i
3000 C/C STAGGERED [ I
X il
16 ¢ 240 C/C
BOTHWAYS / \ o . . TABLE SLOPE
i IN CC M—15 L
b 150 (MSA)
n
FON, R, 0.00¥ |t
Y Y
l 17000 _JI
|
SCALE: 1:200

GOVERNMENT OF MAHARASHTRA
WATER RESOURCES DEPARTMENT

CENTRAL DESIGN ORGNIZATION ,NASHIK -4
(DAM CIRCLE)

STANDARD FLOOD PROTECTION WALL

DRAWN BY:

(P% (RS, RAPUT) (RAL WORE)
ASSISTANT EN CR N SUB IIRONAL EHGINNER SUPERINTENDING ENGNEER

CHECYED BY:

(VEXHALANE) (RS.DESHUUKH)
ASSISTANT ENGINEER. GR I EXECUTIVE ENGINEER, CHIZF ENGINEER




CROSS SECTION OF FLOQOD
PROTECTION WALL WITH CANTILEVER




CROSS SECTION OF WALL
FOR HEIGHT 3.00 M

BACKFILL FAC
HEEL

MAIN STEEL 20 MM ¢

—| 500 |--

@ 300 MM C/C

-

WATER FACE
TOE

@ 200 MM C/C

1 B g
DIST STEEL 12MM ¢
@ 200MM C/C BOTH FACE

-----

St _-_Q_;._n_n_n_n_n..l.-l-l—l-

MAIN_STEEL 16MM @
© 240 MM C/C

SCALE 1:50

©
-,
\\—DIST STEEL 128 ATI'r

260 MM C/C

MAIN STEEL 12 MM ¢

GOVERNMENT OF MAHARASHTRA
WATER RESOURCES DEPARTMENT
CENTRAL DESIGN ORGNIZATION ,NASHIK -4

{DAM CIRCLE)

STANDARD FLOOD PROTECTION WALL

COUP, DRAFTED BY:

(V.B.KHALANE) (RS RANPUT} (RM, MORE)
ASSISTANT ENCGINEER. GR B | SUB DIMSIONAL ENGINNER SUPERINTEHDING ENGINEER
CHECKED Bv:
(T4 PATL) {R.5.DESHUUKH) CHEF ENGNEER

ASSISTAMT ENGINEER. GR W

EXECUTIVE ENCINEER.




CROSS SECTION OF WALL
FOR HEIGHT 3.50 M

—etsoole
BACKFILL FACE ~ WATER FACE

DIST STEEL Al 8
12MM @ AT 300 L —12 ¢ AT 180 C/C
C/C ON BOTH SIDE
| HAUNCH BAR y
MAIN STEEL ; 12 @ AT 300 C/C
16MM @ AT 270 C/C 4 éf

TOP AND BOTTOM

r— 2200
DIST STEEL 12 ¢ AT 300 C/C
SCALE: 1:100 ON BOTH FACE

GOVERNMENT OF MAHARASHTRA

WATER RESOURCES DEPARTMENT
CENTRAL DESIGN ORGNIZATION ,NASHIK -4
(DAM CIRCLE)

STANDARD FLOOD PROTECTION WALL

COMP, DRAFTED BY:

(V.B.XHALANE} RS, RAPUT) {R.M, HORE)

(
ASSISTANT ENGNEER, CR 0 |  SUB DIVISIONAL ENGINNER SUPERINTENOING ENGINEER
CHECKED BY:
(TH. PATIL) (R.S.DESHULIH) CHIEF ENGINEER

ASSISTANT ENGINEER. GR B EXECUTIVE EMGINEER.




CROSS SECTION OF WALL
FOR HEIGHT 5.00 M

BACKFILL FACE

MAIN STEEL

—lz00le-

16MM @ AT 150 C/C Y}
ON BOTH SIDE

c
TOP AND BOTTOM

WATER FACE

| —MAIN STEEL

16 # AT 150 C/C

12 ¢ AT 300 C/C

’ HAUNCH BAR
N/ K L

I-Aéclqélf_

I 500

ON BOTH FACE

SCALE 1:100

U
DIST STEEL 12 ¢ AT 300 C/C

GOVERNMENT OF MAHARASHTRA
WATER RESOURCES DEPARTMENT
CENTRAL DESIGN ORGNIZATION ,NASHIK -4

{DAM CIRCLE)

STANDARD FLOOD PROTECTION WALL

COMP. DRAFTED BY:

ASSISTANT ENGHEER. GR

{VB.XKHALANE) {R.S. RAPUT) (RAL MORE}
ASSISTANT ENGINEER, CR K | SUS DIVSIDNAL ENGINNER SUPERINTENDING EMGINEER
CHECKED BY:
{TH. PATL) {R.S.DESHUUKH) CHEF ENGNEER

EXECUTIVE ENCGINEER,




MAIN STEEL

CROSS SECTION OF WALL
FOR HEIGHT 6.00 M

—edspole—

BACKFILL FACE
MAIN STEEL

=

16MM ® AT 150 C/C

DIST STEEL

™

16MM ¢ AT 150 C/C

20MM @ AT 250 C/C
TOP AND BOTTOM

I

b

WATER FACE

|, —MAIN STEEL

16 @ AT 150 C/C

HAUNCH BAR

12 ¢ AT 300 C/C

/| 750 - A
8 o =2 N
T 5000 =-DIST STEEL 20 ¢ AT 250 C/C
' | ON BOTH FACE
SCALE: 1:100

GOVERNMENT OF MAHARASHTRA
WATER RESOURCES DEPARTMENT
CENTRAL DESIGN ORGNIZATION NASHIK 4

{DAM CIRCLE)

STANDARD FLOOD PROTECTION WALL

COMP, DRAFTED BY:

ASSISTANT ENGINEER. GR &

(V.BXKHALANE}Y (LS. RAPUT) (RAL MORE)
ASSISTANT EMCINEER. CR M | SUB DIVSIONAL ENGNNER SUPERINTERIXNG ENGHEER
CHECKED BY:
(T.H. PATIL) {(R.S.DESHUUKH) CHIEF ENGNEER

EXECUTIVE ENGNEER.




CROSS SECTION OF RCC FLOOD

PROTECTION WALL RESTING
ON PILE




CROSS SECTION OF WALL
RESTING ON PILE RAFT (GROUP OF PILES )

FOR HEIGHT 6.00 M (PART 1)

—i—=-200
Jv é:
)v N
L] +
s
] ¢
_--Jv"-'a/%*}. 200 TK SAND LAYER
i 200 TK METAL
it 200 TK BOULDER
vv -51
BACKFILL SIDE ke
9 b i
8 rvv c:"'_'
o A g
vvf;; '..s
a5
B yice
'vv r'_:"
?vt i
Jvt
[DISTRIBUTION STEEL] o
20MM DIA.@250 MM C/C & [DISTRIBUTION STEEL]
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IS 14202 : 1995

5.1 Simple key may be provided at the toe when
rock or unerodible strata is available at the
river bed and the overlying banks are under
attack and subjected to erosion. The key is in
the form of stopes, bricks or concrcte bloeks
filled in trench at the toe below the hard river
bed for depth equal to the thickness of pitching
for proper anchorage ( see Fig. 5). Sole pur-~
pose of this key is to provide lateral support,
The stones, bricks or blocks may be laid in
mortar if pitching on slope is in mortar.

5.2 When hard strata is available below the
river bed at a reasonable depth, toc wallis
recommended. The thickness of toe wall
depends upon the height of the wall and height
of the overlying protection works. This wall
may be constructed in masonry ( see Fig. 3)
and designed as a retaining wall with weep
holes, etc.

5.3 When firm strata is not available at a
reasonable depth below the river bed, toe pro-
tection in the form of sheet piles is recommend-

UNSUPPCATED HEIGHT oﬁpn_s:

GRIP LENGTH

ed. The shect pile may be made up of RCC or
steel or bamboos depending upon the availabi-
lity of material. Sheet piles should be driven
below the anticipated maximum scour plus
grip length ( sec Fig. 6 ).

Depth of scour may be worked out from the
cquation:

Dy = 0473 (Q)f 0118
or Dy = 133 (g3/f N3, 2nd

where
Dy, - scour depth below HFL in m,
Q = discharge in m3/s,
g = discharge per unit width in m&/s/m.
S = silt factor, and

d = mean particle diameter of river bed
material in mm.

Mazximum anticipated scour for launching apron
may be taken as = 1-5 Dy,

2 HEL

T» THICKNE S8 OF
FROTECTION L AYER

BED PROFILE
BEFORE SCOUR

BED PHOFILE
AFTER SCOUR

FrGg. 6 ToE ProTRCTION WitH PiLE AxD Top Key
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‘ PLANE
I,, 7
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1{c) DRIVEN CANTILEVER WALL
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\ PLANE.

P 3

Za

REIHFORCING
STRAPS

1(d) REINFORCED EARTH WALL

—

HEAVY
SURCHARGE

1(e) RCC WALLS

FI1G. 1 DIFFERENT TYPES OF RETAINING WALLS

i) Reinforced earth
ii) Fabric
h) Anchored walls
i} Horizontal sheet pile
ii) Vertical sheet pile
iif) H-pile, timber logged
j} RCCwalis
i) Cantilever
i)y L-type
iii) Buttressed wall
iv) Frame retaining walls

3 SELECTION OF TYPE QF WALLS

3.1 In general, the choice of wall depends on local
resources, local skill, hill slope angle, foundation
conditions, slope of backfill, compatibility of materials
and seismicity of the region (see Tables 1 and 2).
However, the guidelines given in 3.1.1 to 3.1.14 shali
be considered for selection of the type of retaining wall
to be constructed for the purpose of imparting stability
to the slopes in hill arca,

3.1.1 For hilly roads, being of low volume, walls may
not be designed for earthquake forces. Itis cconomical
to repair fatled walls after earthquake.

3.1.2 Earthquake considerations lead to.excessive
wall dimensions. High walls may, therefore, be
avoided by alternative gcometric designs of roads and

terraces unless justified by risk analysis. Walls with
dip at the base towards hillside will reduce the base
width in seismic areas.

3.1.3 Front battered retaining walls are many times
more expensive than back battered walls in steep hilly
areas.

3.1.4 A retaining wall on a thin talus slope may not

be able to prevent the failure of entire talus slope

during monsoon because of the quick rise of water
table above the relatively impervious bed rock.

3.1.5 The construction of series of retaining walls one
above another on an unstable or marginally stable
slope shall be avoided as it #dds more pressure on the
lower walls destabilizing the slope contrary to the aim
of stabilizing the slope. In such cases, unstable slope
shall be stabilized by afforestation, surfacefsub-
surface drainage system, ete.

3.1.6 Improper backfill and poor drainage behind the
wall involve complicated drainage conditions which
are normally not considered in normal design. Proper
drainage behind the walls shall, therefore, be provided,

3.1.7 The practice of undertaking wall construction
after road/hill cutting poses the problem of disposal of
excavated material and loss of top soil that could
otherwise be used for vegetation. Hence during con-
struction of rctaining walls, the excavated materinl
shall be disposed off at suitable identified sites.




d)} Water pressure duc to water table/subsur-
face scepage;

e) Water pressure due to water fable on toe
side, if any;

i) Seismic forces; and

g) Special loads, if any.

The self weight of the structure, and live and jm-
posed loads shall be estimated in accordance with
- IS 875 (Parts 110 5). In the usual cases live load
may be taken between 250 kg/m? to 500 kg/m® on
the top width of the wall,

Theearth pressures and other seismic forces on the
retaining structure shall be estimated in accordance
with IS 1893. For low volume roads, the walls may
not be designed for carthquake forces. In case of
retaining walls for roads carth pressure due o sur-
charge shali be in accordance with IRC Codes.

The consideration of full water pressurc behind the
wall may lead 10 quite heavy section. Adequate
arrangement for release of this water pressure shall
be made. Atleast 30 percent water pressure shall
always be considered even in case of provision of
good efficient pressure releasc system.

5.2 Retaining walls and breast walls shall be
designed as rigid walls, using following criteria:

a) Factor of > 2.0 (static quuls)1

safety > 1.5 (with (see also
against earthquake IS 1904)
overturning forces}) !

b) Factorofsafety > 1.5 (static loads)

against sliding > 1.0 (with earth-
quake forces)

NOTE — The live loads and Imposed loads adding to

stability of the structure shall not be considered in working
out the factors of safety given in 5.2(a) and 5.2(b).

¢} Maximutn base = q, (allowable bearing

pressure capacity)
= 1.33 qa (during
earth-quake)
d) Minimum base > 0 (zero) [see also
pressure IS 4247
e} Factorofsafety > 1.25 (Part 3)]
against floatation

f) Incaseofsteep hills, the factors of safety for
slip surface below foundation shall be
greater than 1.5 and 1.0 instaticand seismic
conditions respectively.

The design of wall foundations shall meet the
requirements of IS 1080 and IS 1904,

5.3 Sometimes, to achieve the minimum factor of
safety given in 5.2(b) and thereby resist sliding it
may be necessary to increase the basearca or toadd

IS 14458 (Part 2) : 1997

concrete keys monolithic with foundationslabor to
provide piles.

5.4 It is generally not possible to design each and
every wall along the entire Iength of a road, Stand-
ard designs as given in Table 3 may be adopted for
walls less than 8 m in height and 120 m? area in a
low hazard zone provided the allowable bearing
capacity is more than the maximum pressure indi-
cated in the table.

6 OTHER DETAILS
6.1 Depth of Walls

The depth of retaining wall and breast wall below
ground level or terrace level shall be at least
500 mm below side drain within soil or highly
jointed rock and foundation shall be on natural
firm ground. All multiple breast walls shall be
taken to the firm rock surfacc.

6.2 Stepping of Base of Wall on Rock Slope

If the retaining wall is made on rock slope, the
foundation shall be stepped as shown in Fig. 2. In
case of stecp slopes (>35°), retaining walls with
front facc nearly vertical and back-face inclined
shall be used as it will reduce the height of wall
considerably.

Y-S
-3

SELF DRAINIHB
BACK-FILL |

Fi1G. 2 STEPPING OF FOUNDATION OF WALL ON
RoCK SLOPE

6.3 Dip of the Base of Wull Towards Hillside

A dip of the base of wall towards hiliside to the
extent of 3 : 1 (horizontal : vertical) proves very
economical in seismic conditions (see Fig. 3). ILin.
creases factor of safety against sliding significantly.

6.4 Nepative Batter of Backside of Breast tWall

Breast wall with negative batter (see Fig. 3) on
cut-slope side reduces carth pressure significantly.
So cven nominal section of breast wall stabilizes
cut slopes in soil, provided breast wall is founded
on rock or {irm natural ground. Negative batter of
upto 1: 3 (horizontal : vertical) is recommended.




Table 3 Standard Design of Cement Masonry and Dry Stone Masonry Retaining Walls

(Clause 5.4)
Dack FIIl I'anticulars Cement Masonry Dry Stonc Masonry
Type
F. N o
7 I'e Y
Hi 3\ Hy 6M Hi 8M Ht [OM 1t 3\ H1 6M 1t 8BM Hi 1OM
- - bl Lol * L

Good Top widih 065 070 — ‘075 100 100 00 100 £00 090 100 - 070 — 7015 095 100 085 100 100 090 100 —
Back-fill inm
Full Base widih 191 200 — 352 478 841 %23 %10 1096 663 1357 - 200 — 192 43 850 533 689 1131 663 [458 -
Drainage inm
GwW, GP Feundation 1400 1300 — 2350 2000 13.00 33100 2000 17.00 40.00 2000 — 1100 — 2200 2000 1700 29.00 20060 1300 3600 1600 —
Sw., sp pressure in o
Fair Top width 060 075 -- 090 100 100 095 10} 100 100 10D 100 DN — 085 100 — 100 100 100 100 100 100
Back-Gll inm
Low pore Base width 181 2N — 412 447 J4E% S5S53 659 R4 691 950 1403 1 — 4102 347 — S63 649 694 694 BS50 1026
Water pressure  inm
GM. SM Foundation 1500 1300 — 2500 2200 20.00 32.00 2500 2000 3000 2500 (100 HIOO — 200 2000 - 2300 2200 2000 3400 25.00 20.00
SM, SC pressure

in vm?
Poor Top width L - - = — = — 100 100 KOO 1OG JOD — — — —  — 100 100 100 10D 100 1.00
Back-fill inm
High pore Base widih -—_ - - - = - = 649 7.89 BS0 779 1101 — - -~ = — 654 365 870 7.83 1031 1197
Water pressurt inm
GC, 3C Foundation - —_ —_ - = - — 2200 2000 1900 2900 00 - - — —_ — 2200 2000 16.00 2500 2000 1800
ML pressure

in vm?
NOTES

1 Wall Geometry : Front face vertical back, face inclined, base inclined with hilk.
2 Back Fill Top : Horizontal with suscharge 1.5 vl
3 Sclect wall dimensions such that gllowable bearing capacity is greates than the foandation pressure.

4 The base width for dry stone masonrywall is slightly less for cement masonry wall because wall friction angle is likely 10 be cqualto angl

te of internal friction ofback fildin the casc of dry stone m.abonry

{z 13vd) 8SPPI S1
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cally
unacceptable.

Table 1 Selection of Retaining Walls
(Clause 3.1)
Type Relaining Walls
Timber Crb Dry Stone Barded Dry Stone/ | Cement Masonry Gabion Reinforced
Masonary Earth
Low High
Dingrammatic
Cross-section
C  |Topwidih 2m 06-1.0m 0.6-1.0m 0.5-1.0m Im 1-2m 4mor0.7-0.8m
3 Base width —_ 0.5-07H 0.6-0.65H 0.5-065H 06-075H 0.55-0.65H 4mor0.7.08 H
[ Front batter 4:1 vertical varies 101 61 6:1 3
T [Backbatter 41 varics vertical varies varics varies 31
R
u nward dip of foundation 1:4 1:3 133 horizontal or 1:6 1:6 1.6 horizontal
¢ |Foundation dcpih below 05-1m as5m 05-1m 05-1m 0sm Im 05m
drzin
T
1 Range of height 39m 1-6m 65-8m I-10m 1-6m 6-10m 3.25m
I(: Hill slope anglz <30° <35° 20° 35-60 35-60 35-60 <35
Toe protection in case of soft| Boulderpitching Boulder Pitching No
rock/soil
N Timbers 15 cm ¢|Set stones along|Cement masonry|Weep holes 15 x 15]Stones to be hand packed. Stone shape|Granulirback filf prefered. Use
o with stone rubble|foundation bed. Use|bands of 50 cm|cmsize at I-2 mofelimportant, blocky preferable to tabular. | geogrid for H <4 m and tensur
well packed behind|long bond stones.|thickness 23 mcefe. |50 cm  rubble|Specify muximum/minimum stooe size.|grid for H> 4 m. Provide
T |General limbers. 10% of ali|Hand packed stones|Qther specifica-|backing for|No weathered stone o be used. Compact|dminage layer in case of
B headers to extend|in back fill. tions as for dry stone [drainage. granvlar back fill in layers (< 15 em). Use|seepage problems. Specify
S into {ill. Ecolopi- wall, t type gabion wall. spazing of reinforcement grids.

8661 * (T 318d) 8SHHI SI



1. Foundations to be stepped up if rock encountered.

2. All walls require durable rock filling of small to mediom size.
3. Drainage of wall bases not showrt. Provide 15 em thick gravel layer in case of clayey foundation.

Application

Least durable Mosi durable Cap Lake differcntial scitlement and
slope movement
Non ductile structure most susceptible to earth- Very flexible structures

quake damage

1. Design as conventional retainng walls. Assume surcharge on road of 2T/m’.
2. Used both as cut slope and fill slopes support, Breast wall is more teonomical for

cut slope.

3. Chaice of wall depends an loeal resourees, local skill, hill slope angle, foundation
conditions and also shape of back fill wedges as illustrated in diagrams and

compatibility of materials.

Huge potential used more as
stable reinforeed Gl platform
for road rather than preventive
tncthod of slope supporn.

866T : (T 1183} 8SPHY SI
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8.2 Requirements for Durabilily
8.2.1 Shope and Size of Member

The shape or design details of exposed structures
should be such as to promole good drainage of water
and to avoid standing pools and rundown of water,
Care should also be taken to minimize any cracks that
may cotlect or transmit water. Adequate curing is
essential to avoid the harmful effects of early loss of
moisture (see 13.5).Member profiles and their
intersections with other members shalt be designed and
detailed in a way to ensure easy flow of concrete and
proper compaction during concreling.

Concrete is more vulnerable to deterioration due to
chemical or climatic attack when it is in thin scetions,
in sections under hydrostatic pressure from one sids
only, in partially immersed sections and it comners and
edges of clements, The life of the stnieture can be
lengthened by providing extra cover to steel, by
chamfering the comers or by using circolar cross-
sections or by using surface coatings which prevent or
reduce the ingress of water, carbon dioxide or
aggressive chemicals.

8.2.2 Exposure Conditions
8.2.2.1 General environment

The general environment to which the concrete will
be exposed during its working life is classified into
five Jevels of severity, that is, mild, moderate, severe,
very severe and extreme as described in Table 3,

Tuble 3 Environmental Expoaure Conditions
{Clauses 8.2.2.1 and 35.3.2)

SINo. Environment Exposure Condlliops
(1)) (2} k)]

)] Mild Concrele surfaces protected against
weather or aggressive conditions, except
those situsted in conastal area.

Concrete surfaces sheltered from severe
run or freezing whilst wet

Concrete exposed to condensation end min
Concrete continuously under water
Concrete in contact or baried under non-
aggressive seil/ground water

Concrete surfaces sheltered from
saturated salt sirin coastal area
Concrete surfaces expoted to severe
rain, alternate wetting ond derying o
occatipnal freszing whiltt wet or severe
condensation.

Concreie completely bnmersed in scawater
Concrete exposed to constal environment
Conctete surfaces exposed to sea waler
spray, corrosive fumes o severe Ireezing
conditions whilst wet

Conerete in contact with ar burled
under apgretsive sub-soiliground water
Surfoce of members in 1idal zons
Members in direct contact with Liquid/
solid aggressive chemicals

i) Moderate

il Severe

iv} Very severe

v) Extreme

18

B.2.2.2 Abrasive

Spectalist literatures may be referred to {or durability
requirements of concrete surfaces exposed to abrasive
action, forexample, incase of machinery and metal tyyes.

8.2.2.3 Freezing and thawing

Where freezing and thawing actions under wet
conditions exist, enhanced durability can be obtained
by the use of suitable air entraining admixtures, When
concrete lower than grade M 50 is used under these
conditions, the mean total air content by volume of
the fresh concrete at the time of delivery into the
construction should be:

Naminal Maximum Size Entrained Air
Aggregote Percentage
{mm)
20 51
40 4t

Since air entrainment reduces the strength, svitable
adjustments may be made in the mix design for
achicving required strength.

8.2.24 Exposure to sulphate attack

Table 4 gives recommendations for the type of cement,
maximum free water/cement ratio and minimum
cement content, which are required at different sulphate
concentrations in near-neutral ground water having
pHof6109.

For the very high sulphate concentrations in Class 5
conditions, some form of lining such as polycthylene
or polychloroprene sheet; or surface coating based on
asphalt, chlorinated rubber, cpoxy; or polyurcthane
materials should also be used to prevent access by the
sulphate solution,

8.2.3 Requirement of Concrete Caver

8.2.0.1 The protection of the steel in concrete against
corrosion depends upon an adequate thickness of good
quality concrete,

8.2.3.2 Thenominal coverto the reinforcement shall
be provided as per 26.4.

8.2.4 Concrete Mix Proportions
8.24.1 General

The frec water-cement ratio is an importan? factor in
goveming the durability of concrite and should always
be the lowest value. Appropriate values for minimum
cement content and the maximum free water-cement
ratio are given in Table 5 for different exposure
conditions. The minimum cement content and
maximum water-cement ratic apply to 20 mm nominal
maximum size aggregate. Forather sizes of aggregate
they should be changed as given in Table 6.
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8.2.5 Mix Constituents

8.2.5.1 General

Forconcrele to be durable, careful selection of the mix
and materials is necessary, so that deleterious
constiluents do not exceed the limits.

8.2.5.2 Chlorides in concrete

Whenever there is chloride in concrete there s an
increased risk of corrosion of embedded metal, The
higher the chloride content, orif subsequently exposcd
to warm moist conditions, the greater the risk of
corrosion. All constituents may contain chlorides and

" concrete may be contaminated by chlorides from the
external environment. To minimize the chances of
deterioration of concrete from harmful chemical salts,
the Tevels of such harmiul salls in concrele coming
{from concrete materinls, that is, cement, aggregaies
water and admixtures, as well as by diffusion from the
cnvironment should be limited. The (otal amount of
chloride content (as CI) in the concrete at the time of
placing shall be as given in Table 7.

The total acid soluble chloride content should be
calculated from the mix proportions and the measured
chloride contents of each of the constituents. Wherever
possible, the total chieride content of Lhe conerele
should be determined.

8.2.5.3 Sulphutes in concrete

Sulphates arc present in most cements and in some
appregates; excessive amounts of water-soluble
sulphate from these or other mix constituents can cause

expansion and disruption of concrete. ‘To prevent this,
the total water-soluble sulphate content of the concrete
mix, expressed as SO, should not exceed 4 percent by
mass of the cement in the mix. The sulphate content
should be calculated as the total from the various
constituents of the mix.

‘The 4 percent limit does not apply to concrete made
with supersuiphated cement complying with IS 6909.

8.2.54 Alkali-nggregate reaction

Some aggregates containing particular varieties of
silica may be susceptible to attack by alkalis (Na,O
and K,0) originating from cement or other sources,
producing an expansive reaction which can cause
cracking and disruption of concrete. Damage to
concrete from this reaction will normally only occur
when all the following are present together

a) A high moisture Jevel, wilthin the concrete;

b) A cement with high alkali content, or another
source of alkali;

c) Aggregate containing an alkali resctive
conslituent.

Where the service records of particular cement/
aggregate combinution are well established, and do not
include any instances of cracking due to alkali-
aggregate reaction, no further precautions should be
necessary. When the materials are unfamiliar,
precautions should take one or mare of the following
forms:

a) Use of non-reactive aggregate from alternate
sources.

Table 5 Minimum Cement Content, Maximum Water-Cement Ratio and Minimum Grade of Concrete
for Different Exposures with Normal Welght Aggregates of 20 mm Nominal Maximum Size

(Clauses 6.1.2, 8.24.) and9.1.2)

51 Expocure Plala Concrete Relnforced Coperele
No. —— ——
Minimum Maximem Mintmum Minimum Maximum Minimum
Ceinent Free Water- Grade of Cement Free Water- Grade of
Content Cenent Ratio Cencrete Content Cement Ratio Canerete
kg/m’ ke/md’
n 2 3} (4) (&) &) {7} 8
i) Muld 220 0.60 - 300 0.55 M 20
D) Moderate pLli] D60 MIS 100 0.50 M2S
i) Scvere 250 0.50 M 20 120 045 M3
iv) Very severe 260 045 M 20 M0 045 M35
v) Extreme 230 0.40 M2 50 0.40 M40
NOTES '

1 Cement content prescribed in thit table iy irrespective of the grades of cement and it is inclosive of additions mentionad in 5.2, The
odditions such os fly uh or gound pranulated hlast fumnace stag may be taken into sccount in the coocreio composition with rapect 1o
the ceinent content and water-cemet ratio £ the nidtability fa cstablished and es foog as the maximom cnouats taken isto eccount do

nof excced the imit of pozzolona and slag specilied in 1S 1489 (Part 1) and 1S 455 reapectively.
2 Minimum grode for plain concrete under mild exposure condition is not specified.
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