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[bookmark: Prerequisites:_]Course Overview :
Retaining structures are walls, dams, barriers, or bins that hold Earth materials or water in place or keep Earth materials or water from encroaching into an area. Retaining structures also are used to create stable surfaces for building pads, roads, bridge abutments, or wharves. Retaining structures can be used to limit the volume of excavations or to allow utilization of space near the boundary of a particular piece of land. Other structures that appear to be earth-retaining structures may have erosion protection as their primary purpose.
Retaining structures commonly are engineered features that are designed and constructed to hold soil or water in place. Structures that retain water are called dams, levees, or flood walls; structures that retain Earth are called earth-retaining structures or retaining walls


Course Outcomes:

	CO.NO.
	Cognitive Level
	Course Outcome

	1
	Comprehension
	Analyze the concepts of pre stressing in the design of beams.

	2
	Application
	Design the torsion, continuous and curve beam

	3
	Analysis
	Design of circular domes and water tanks

	4
	Synthesis
	Analyze Yield line theory and design retaining wall

	5
	Evaluation
	Design the culvert and bridge.



Prerequisites:
1. Fundamentals knowledge of Continuous Beam .
2. Fundamentals knowledge of Retaining wall.
3. Fundamentals knowledge of Circular Dome.



Course Outcome Mapping with Program Outcome:

	Course Outcome
	PO1
	PO2
	PO3
	PO4
	PO5
	PO6
	PO7
	PO8
	PO9
	PO10
	PO11
	PO12
	PSO1
	PSO2
	PSO3

	
	3
	3
	3
	3
	2
	2
	2
	1
	1
	1
	2
	3
	2
	1
	1

	
	3
	[bookmark: _GoBack]2
	2
	3
	2
	1
	2
	1
	1
	1
	1
	1
	2
	1
	1

	
	3
	2
	2
	2
	2
	1
	1
	1
	2
	1
	1
	2
	2
	2
	1

	
	3
	2
	2
	3
	2
	1
	2
	1
	1
	1
	1
	1
	2
	1
	1

	
	3
	2
	2
	2
	2
	1
	1
	1
	2
	1
	1
	2
	2
	1
	1

	CO355 (AVG)
	3
	2.2
	2.2
	2.6
	2
	1.2
	1.6
	1
	1.4
	1
	1.2
	1.8
	2
	1.2
	1



Course Coverage Module Wise:

	Lab No.
	Experiments List According to RTU Syllabus

	1
	Continuous Beams: Analysis and Design of continuous beams using
coefficients (IS Code).

	2
	Continuous Beams: Analysis and Design of continuous beams using
coefficients (IS Code).

	3
	Continuous Beams: concept of moment redistribution..

	4
	Curved Beams: Analysis and design of beams curved in plan.

	5
	Circular Domes: Analysis and design of Circular domes with u.d.l. &
concentrated load at crown.

	6
	Circular Domes: Analysis and design of Circular domes with u.d.l. &
concentrated load at crown.

	7
	Water Tanks and Towers: Water Tanks and Water Towers-design of
rectangular type tanks.

	8
	Water Tanks and Towers: Water Tanks and Water Towers-design of
circular and Intze type tanks.

	9
	Water Tanks and Towers: Water Tanks and Water Towers-design of
column brace type staging.

	10
	Retaining walls: Analysis and design of Cantilever Retaining Walls: Introduction to counter fort and buttress type retaining walls, their
structural behaviour and stability analysis.

	11
	Retaining walls: Analysis and design of Cantilever Retaining Walls: Introduction to counter fort and buttress type retaining walls, their
structural behaviour and stability analysis.










 (
Faculty
 
Lab Manual
 
Link
 
https://drive.google.com/file/d/1Lkyw56KI9b6v1WucFMfwNbUHIuTh2quj/view?usp=sh
 
aring
)



 (
Viva
 
QUIZ
 
Link
https://quizizz.com/admin/quiz/5d90cfc5ba34c6001ab29688/retaining-wal
l
https://
www.bra
inkart.com/article/Important-Question-And-Answer--Civil---Retaining-Walls_3862/
https://
www.objectivebooks.com/2017/03/rcc-structures-design-mcq-questions-set.html
https://engineeringinterviewquestions.com/mcqs-on-foundation-answers/
)


Assessment Methodology:
1. Practical exam on retaining structures.
2. Internal exams and Viva Conduct.
3. Final Exam (practical paper) at the end of the semester.
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EXPERIMENT NO. 4
















Water Tanks and Towers:

Water Tanks and Water Towers-design   of Rectangular, circular and Intze type tanks, column brace type staging
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EXPERIMENT NO. 5
















Retaining walls:

Analysis and design of Cantilever Retaining Walls:
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IS 3370:2009 (Part-2): Cox

Re

{ Practice for C e Stru

for Storage of

1S 3370:194 ares for Ste

of Practice for Concrete Stru

of Ligma:

Tables for Design of Reinforced or Prestressed Concrme

lzz_z. DESIGN PHILOSOPHY AND REQUIREMENTS

Deugn of liguid retaining structures is based upon the fact that the concrete should not crack and
of concrete should be within permissible limits. In order to con:

ing material. joints and reinforcement detailing are listed 1n IS
ined below:

mixes lower than M30 are not to be used for design of liquid retaining sToceares.
of richer mixes results in less cracking.

retaining the liquids should be designed as “subjected 1o Severe Expos:

1t content. not including fly ash and ground granulated blast fumnace slag. shozd 2ot
4 206 kg/m’ unless special consideration is taken for increased risk of cracking doe o
hrinkage etc.

can be controlled by using the plasticizers and by using minimum amount of cemest

‘which will result in reduced water content per unit of concrete mix. The minime=
5t content from durzbility criteria is 320 kg/m’.
s ing can also be controlled by reducing the steep changes in temperature and moistars
arly age of concrete. Curing should be done at least for a period 14 days.
6 .+ plazing of reinforcement bars, use of deformed bars, bars closely spaced and use of

small sized bars will alsa result in reduced cracking.
ral tension is considerad

7 Crack widih for reinforced concrete members in dircet tension and flexural tens
i factory. if steel stress under service conditions does not exceed 130 N/mm® for bigh strength

deformed bars,
The manimum calculated surface width of cracks for direct tension and flexure shoukd oot be

fre than 0.2 mm with specified cover.

|22:3. meTHODS oF DESIGN

The devizn of water tanks can he done by any of two methods given belos

(i) Limit state method of design
Gy Working stress method of design

(i) Limit State Method of Design

Tt states shouhd be considered and satisfied with an adeguate degree

I this methusd, al relev
A it state of serviceability (Deflection and

of watety and serviceability. The hinm state of collapse
Cracking) should be followed as per 15 436 200,
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(if) Working Stress Method of Design

e work g Sress method for desgn uf 4
and strenpth

10K 15 based on aderquate resistance 1o cracking
e varou asumption of Wis method are as follaws (Refer Chagter 2)

in plane before il after bewfing
1y Steel and concrete behaye

ta) ¥

tcally and the wodibar ratio, m (s piven by

m =2

(e The temsile stress in concrete s limited 10 the values piven in Table 22 1 for caleulation of
resistance 10 cracking

() The tensile strenpth of concrete i ignored for all strength cateulations

Permissible Stresses in Concrete:

(1) Resistance to Cracking: The permissible temile stress i concrete related to resistance b
cracking is given i Table 1o 1S 3370 or Table 22.1 here

TABLE 22.1. Permissible Concrate Stresses In Calculations Related to
Resistance to Cracking

[ 8.Na. Grade of Concrete Direet tension Flexural tension
L (Nfmm’) (N/mm’)
1 M25 1.3 s
2 M0 (B} 20
2 MIs 1o 2y
3 MO 14 24
4 Mas 20 26
s a0 21 23

The permissble shear tress values for concrete are given in Table 23 of 15 4562000 These +
1 b enceedod provided the shear remfurcement i designed tking it aceonind these excesded values

or Strength Caleutations: The permusible strevses i concrete for calculation of e
o Table 2 of 15 3370 or Table 222 here

TABLE 22.2. Permissible Stresses In Concrets

| rote Bending Direct Flain bars In tension
- (0,00 @, Nima) 1,

[X) L] 09

1

N
o 12

1 W13
M
Mis
5 Mo
" My
3 Ma0

(K]
14

e T
= Campressive Stress (Nfmm®) | Aversze Bond Stress for
8. No. } Grade of ]
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Note:

1. Bond stress in compression should be increased by
For deformed bars, the bond stress should be increased by 60%.

25%.
2

Permissible Stresses in Steel

cking: The permissible stresses in steel is limited by the fact thay
i concrete are not exceeded. 1 0rler to have e

1. Resistance to Cra
permissible tensile stresses for resistance to cracking
perfect bond hetween steel and conerete, the permissible stress in steel can be written as;

o, =ma,

where o, = permissible tensile stress in steel
@, = permissible tensile stress in concrete
= modular ratio of steel and concrete.

ations: For the purpose of strength caleulations iy
isted in Table 4 of IS 3370 (Part 2) or

2. Permissible Stresses for Strength Cale
liquid retaining structures, the permissible stresses should be
Table 22.3.

TABLE 22.3. Permissible Stresses in Steel for Strength Calculations

“Type of Stress in Steel Permissible Stresses (N/mm’) ]
Relnforcement Plain mild High yield strength
steel bars deformed bars

1. | Tensile stress in members under |

direct tension. bending and shear 115 130

Compressive stress i columns |

subjected to direct load 125 140

|22A. 1S CODE RECOMMENDATIONS REGARDING DETAILING IN WATER TANKS

1. The minimum reinforcement in walls, floors and roofs in cach of two directions at right angles
within cach surface zone

i

[l I

¥l

Surfuce rones: wally and suspended slabs,

2. The minimun seinoreement can be further reduced 10 24% for deformed bars and 0.40%

for plam hars, for t

ks, ot s ing any dimension more than 15 m

B T tank walls and sabs, baving tickness Tess than 200 mim, the reinforcement ean be placed it
one face only
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4. For grov

T i m—
i s i lab. having thickness fess than 300 mim, the reinforcement should be placed
. ace. as near as possible to the upper surface consistent with the cover.
T spacingof einforcimg bars should ot xceed 30 mmor hicknes ofthe section. whicheset
s less.
6. Size of bars, distance between bars, laps and bends should be as per 1S 456:2000.
Note:

1. For D2 500 mm i.c.. thickness of the member greater than or equal to 500 mm. each
reinforcement face controls half of the total depth (D/2) of concrete.

2. For D < 500 i.e., thickness of the member less than S0 mm. cach reinforcement face controls
250 mm depth of conerete, ignoring any central core beyond the surf: depth.
it ¥
i
oo |
] IS

D>500mm

Im JOINTS IN WATER TANKS

“The joins provided in water tanks are lassified, as per the 1S 3370 (Part 1); 2009, as given below:
(a) Movement Joints

Joint, relative movement between the ajoining parts of a tank, such as wall and the
itted. These joints require the use of special materials, in onler o maintain water

In this type
floor slab, is pet
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tightness thus accommodating the relative movement between the sides of the joint. There are three
types of movement joints which are explained below:

(1) Contraction Joints

10 is & movement join, with deliberate discontinuity, without initial gap between the concrete oy

cither side of the joint. The joint is designed to accommodate contraction of the conercte as shown in
23

A contraction joint may be designed as complete or partial. In a complete contraction joint boy
concrete and steel are interrupted (discontinued) while in partial contraction joint only concrete i
interrupied and the steel reinforcement is continuous. A complete contraction joint is not restrained r
movement and 1s intended 10 accommadate only contraction of concrete while the partial contraction
joint provide some restraint to movement in addition to accommodating some contraction of concrete,
These joints are shown in Fig. 22.3(a) and (b).

ot conlant Joiet st
Dacartnuty inconcrete
ro vl gap /

iater bar

Discontinuty in steel Dincontinuty in concrete  Contrulty of steal rartorcament

ut o itial gap
(a) b

Fig. 22.3, Contraction Joints.

(2) Expansion Joint

In this type of movement joint, complete discontinuity in both steel and concrete is provided ©
accommudate cither expansion or contraction of the concrete. This joint has no restraint to movement.
This type of joint requires an initial gap between the adjoining parts of a structure to accommodate
as shown in Fig. 22.4.

expansion/contraction of the concre

ot Soatant

Curcivta arv Stead
Flg. 224, Kxpansion joint
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(3) Sliding Joint
A movement joint which allows the adjoining parts of a structure 1o slide relative to each other
Wi as sliding joint. n this joint, complete discontinuity is proided in
Tte and at the discontinuity special provision is made to facilitate the relative
liding muvement. This type of joint is generally provided between the wall and the floor of the
cxlinrical ank and s shown in Fig. 23 5

with minimum restraint is kp

hoth steel and coney

Prepared sliding surtace or rubber pad

Fig. 2

. Stiding joint
(b) Construction Joints

These joints are provided for convenience in construction. At these joints, special measures are
incorporated 1o have subsequent continuity, without provision for further relative movement, These

Jounts miay be grouted and concrte at the joints should be bonded properly. The number of such joints
should be kept as sall as possible.

(c) Temporary Open Joints

A ap is sometimes left temporarily between the concrete of adjoining parts of 4 water tank which

i filled wath mortar or with suitable jointing matey fler a suitable interval of time, before the

HIUTE i put 0 use, This 1ype of joint s shown in Fig. 22.6(a) and (6). The widih of the initial gap
provided in the joint should be sufficient enough to allow the sides 10 be

prepared before filling
jointing material

It gap tator tbod
whconcrelo —\
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SOLVED EXAMPLES
—_—

b Example 221, Design o cirenlar tank with a flexible base for o tank of 1,00,000 litre capacity.
e depth o water in the tank is § m. Use M25 concrete and Fe 415 steel. Take unit weight of water a3
9N KN/

Solution. Given; Volume of

i tank = 100,000/
1000001
- m
100

Height of water in tank (/1) = 5 0m
[Table 22.3]

[Table 22.1]

Permisable tensile stress i steel = 130 N/mm? for Y S hars
Permissible direct tensile stiess in concrete= 1,3 Nfmm?® for M25 concrete

180 s the diameter of the tank then

Volume of tank = 100000
1000
B pPeso =100
3
D =505m

Hence providing a diameter of 5.1 m
& Maximum hoop tension (7)

~
)

[

~
"

® Area of Steel

A, = 962 mm
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2 rogmnad =
W
1
e damerer Bovps nnga) @ 110 m ok
'

Heace prowade 12

Ara &

28 e nop T A2 AN per i and 4= 81 i’ e spcing can b bl

® Thickness of tank wall: The thacknens of the wall shonhd b anh that the tensile o
e permreadle valoe (@)

TN 7+ (m - DA,

- NEUNTI
BT

> 8Smm
Hence providing a thickness of 100 mm for tank wall

[ 100 mm. At 22

175 mm* < 1027 mm* Hence OK
The spacing of hoops > 300 mm or the thickness of section

= 12 mm diameter hoops @ 110 mm o/ along the height of the wall. The spacing i+
) mm c/c 2t a distance 2.5 m from top.

Prov

mcreaed 10

® Distribution Reinforcement
stim amd temperature steel is provided @ 0.35%
=175 mm’

2z % mem dismeter bars @ 250 mm ¢/ vertical steel

2% S0 % 100
A= T30

Henee OK

= 200’ > 175

# Design of Base/Floor Slab

e tanh flooe s resting on the ground. the load pel
i mrm thickness of 150 mm and O V85 minimum steel in cach direction

ts directly transferred o the sl Hence

=08 g« 130

1 2
260 aum’ (Refer A 2241
Tl

1 e e it s @ VM) i bt o a op and bt fage of the
-
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1813
By = L1Tm say 12 m

Providing the depth of foundation as 1.2 m

Total height of retaining wall = Depth of foundation + Height of embankment
=12440
Total height of retaining wall () = 5.2m

 Preliminary dimensions of the retaining wall
(1) Base Width (b): 1t varies from 0.4 #1006 1
Assuming E b =28m
Length of toe slab = 0.3h ta 0.4h
‘ = 850 mm (say)_
(2) Thickness of Base Slab

Thickness of hase <l s assumed to be 45 =S mm._* 1

(31 Thickness of vertical wall ar Stem (Refer Fig. 16.10)

Thickness of stem may be assumed a

s

. lL: at base but here depth required from BM consideration is

calculated.
Pressure at the base of the stem h=52-05=47m]
«
=
Moment a1 the base of the stem
P S
= 10383 kN
Ultimate moment at the base of the stem %
AR
= 15574 ANm .

Fig 1610
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azs

Mt depth required for

ance section is

e

R, = 276, for M20 concrete and Fe 415 sieel

Assumiing 60 mim cover,

15574 7
Sy 2302100

= 234 mm

15574 210"
2762 1000

Al depth required = 235 + 60
= 29% ufin
Hence taking 1= 350 mm at base of stem and reducing it to 150 mm at top. Figure 16,11 sboras the tal
section.
.
PN ¥
|
am . |
, om |
52
oL | {
R i ¥l
‘" rEm i
" 1 \
12 |

20m

Hig. 1611
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walls
W

‘ Ooverturning force
"

‘ P

‘:‘ Restoring forees

Lok

L Werght of backfill (W)

[ Weihit of stem
|

| W Weight of rectangular
‘ pottion (Wy,)

[ o Weight of triangular

| portion (Wyy)

|
i) Weight of base slab (W)

a27

Magnitude of
= Force (kNy

Bending moment
at toe end O (KNm)

Position of force
__from toe end 0 (m)

R RAL] B2« 1702
= 14061
M, = 140.61
ki '

1647 x 18 = 135.36 270.72

D15 x47 %25 085 + 0.5

= 17.025 = L1250 19.828

Ladrxanxas 085+ 2502

=138 oosal 11554

05x28x25=35

TW = 199.735

73 ® Stability Checks
L/ ) ovenurning

2) Sliding

1 Base Pressure

3
My

_ 0.9%35L10
T om

=2.2> L4 tence o k.

= HEW = 045 x 199.735 = 988 kN
=P, =SLIZAN

0.9 x89.46
SER

=0.99<1d

“hear key is to be provided 10 inerease the resistance against sliding.

=My My
Rexultant moment at toe end O = My - M

=351 - 106l
210,49 KNm
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The resattant vertical boad = LW = 1770 TV EN
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iz 1012
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& Maimum pressare at toe end ()

Pras ®

[n"’"”]
“22 FX]

Prwe = VARV 2 VU R8I (rfe HO of o) emce OK

& Minimum pressure at heel end =,

[ grias]
o %

» 1T%1 B0m’ whach 1 prastive.
(@ Meree OF. an pes temmiem develogn smywhere on the base s

1. Design of Stem
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n -
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WOl

(e el (4, i stem 429

T
T30 = 087 x 415« A, xl‘)ﬂ[

~13979.234,, 4+ 20794392 5

M, =087 /\.\”,,{1 . LL}

i

205 1000 % 290

=0
O ~olving he equation

1693 i’

g 16 ameter ba 2 :
Lang 16 mm diameter bars, 100 '’

200 1000
T i

Jence. provide 16 mm diameter, Fe 415 bars @ 100 mm c/e.
Distribution steel v

acing required

Distribution stey

is provided @ 0,12 of total x-sectional area

o 150 4 35 150+ 350
‘ HH\""H[%) Uf)iun«-mm;umm\m.,rm«mm]

A, = 300 mm’

Using § mm diameter bars, = 503 ma’
Spacing required = 2 "“"“‘" =167.5 mm
0

Hence, provide § mm diameter Fe 415 bars @ 150 mm cfc, on the inner face of the stem as distribution

Surmlarly provide § mm diameter Fe 415 bars @ 150 mm clc in both direction 3t the outer face (front
ot the <tem as temperature and shrinkage reinforcement since this face i exposed to weather. _

Check for shear
The critical section for shear is at a distance d from base of stem Le h=47-029=441

Shear force at this section of the stem = ‘;[l‘ xmn.u)xu\

SSIRN

L =15 %583

v, = $7.52KN
V.

Nominal shear stress = 5

100 30 Nmm®

T

81

i

015 100

i .- Lo
For LTI

o

1, =034 Nl (from Table S.1)
o+ =08 Nmm 2T, henee OK
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55 Renforced Coment Concrete Doy,

Curtailment of tension reinforcement
ves like a cantilever. the bending moment goes on reducing owzp,
3

As the stem of retaining wall beh
he top. Therefore. tension reinforcement can be curtailed along g

the 10p of the wall and hecomes zero a
height of the stem
Development length, L, for 16 mm diameter bars

087/,0
T

087 x415% 16

Ax16x1.2

752 mm
Therefore, no bar can be curtailed up 10 a distance of 752 mm from base of the stem. Curtailing bars a
a distance 1000 mm from base of the stem i.e.,

4700 = 1000 = 3700 mm from top of the stem

200 x 3700
4700

Total depth at this section = 150 +

=307 mm
Effective depth at this section = 307 - 60 = 247 mm
Moment due to earth pressure at 3.7 m from top

76 kNm
iz moment of 76 kNm

Area of steel required for an ultimate ben

4154,
76 % 10° = 0.87x415 247(1- -
s7actitaniy 20 %1000 x 24
On solving, we get Ay rqs =924 mm’
Using 16 mm diameter bars,
2001000 _,
Spacing required = Zm— =217 mm

s per 1S code, 120 or d distance, whichever is more, is to be
curtailment the bars at 1.3 m from base or 3.4 m from top.
200 mm efe after a distance of 1.3 m from base of stream.

Hence half of the bars can be curtailed bu
provided heyond the point of cuntailment. Hence
of stem. Thus provuding 16w diameter bars @

Simitarly, one more curtailment can be done at 1.5 m from top of sten

xS

%6

Soment s s st = |

= 3375 kNm
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e | 1
M, =5

Depeh 22 s section

"

286 - 6) = 226 mm

Six10

4154,
08T % 315> A, x 2261 - ——— " ——
b [‘ 20« 1000 % 226

A =65 <A, i W00 mm®

B 1f of the bars 3t 1.5 m from top and providing 16 mm diameter bars

+ pizn of Hed Sab

|

w30 02 heel slab is shown in Fig. 16.13.

(8 xamiem 1D

24831783
“\ns}‘"'"“ I8

) 4 4 \x-’m:
\ : 23 =
245321783
s+

= X195 =02 35 kN
3 o F
Fiz. 1613 Y 05
w ""fm‘nmppunalmhd=l§xl.7=§létxlm
- i = 25=125WN/m
Seif weight of heel slsb = 05 x 1.0 25
Total load = 97 1 AN/m

wri-16t 1783x1e} [y
_'__—( 7841783y 14
Maxismeem bending moment 3t B = 84 |7a\)n\;9

= 1015 - 258
=757 Nm
M, = 18%787=1136ANm

3

" . IU: 5
ds =\ Sra w00 = 0Tmm I, Hence OK.
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4. Design of Shear hey
A the sl not safe i sliding, shear key is 1o be provided below the stem as shown in Fig. 1614,
Prevsure at face of shear key = 9235 KN/m
_1esing
RN

Coefficient of passive earth pressure

=3

i
= a0
2 )
Resistance offered by shear hey = IxU238X 0 e L

277084 o—

Factor of safety agamst sliding alongwith shear key
DOEY W 4 27708

09NN
= ks

ra
- W =018 m

However de & 200 mim x 200 mm shear key

The details f the reinforcement aie shown i Fig 1615
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’\ RAJASTHAN TECHNICAL UNIVERSITY, KOTA
Syllabus

3rd Year - VI Semester: B.Tech. (Civil Engineering)

6CE4-24: WATER AND EARTH RETAINING STRUCTURES DESIGN

Credit: 1 Max. Marks: 50(IA:30, ETE:20)
OL+0T+2P End Term Exam: 2 Hours
Assignments/ Exercises on the following topics:
SN CONTENTS Hours
1 |Continuous Beams: Analysis andDesign of continuous beams using
coefficients (IS Code), concept of moment redistribution 4
2 | Curved Beams: Analysis and design of beams curved in plan. 4
3 | Circular Domes: Analysisand design of Circular domes with u.d.l. &
concentrated load at crown. 4
4 | Water Tanks and Towers: Water Tanks and Water Towers-design of
rectangular, circular and Intze type tanks, column brace type staging. 10

5 |Retaining walls: Analysis and design of Cantilever Retaining Walls:
Introduction to counterfort and buttress type retaining walls, their 6
structural behaviour and stability analysis.

TOTAL | 28
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