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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.

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




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:

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

3 13 |13 8 (2 |2 |2 (1 |1 |1 2 3 2 1 1
Course 3 |12 |2 3 |2 1 2 (1 |1 |1 1 1 2 1 1
Outcome 3 |12 |2 |2 |2 1 1 (1 |2 |1 1 2 2 2 1

3 |12 |2 83 |2 1 2 (1 |1 |1 1 1 2 1 1

3 |12 |2 |2 |2 1 1 (1 |2 |1 1 2 2 1 1
CO355 (AVG) |3 |22 (2.2 |26 |2 1.2 |16 (1 |14 |1 1.2 (18 |2 12 |1

Course Coverage Module Wise:

Lab Experiments List According to RTU Syllabus
No.

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.
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/1Lkyw56KI9b6v1iWucFMfwNbUHIuTh2quj/view?usp=sh

aring

Viva QUIZ Link
1. https://quizizz.com/admin/quiz/5d90cfc5ba34c6001ab29688/retaining-wall
2. https://www.brainkart.com/article/Important-Question-And-Answer--Civil---Retaining-Walls 3862/

3. https://www.objectivebooks.com/2017/03/rcc-structures-design-mcg-questions-set.html

4, https://engineeringinterviewquestions.com/mcgs-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.


http://www.brainkart.com/article/Important-Question-And-Answer--Civil---Retaining-Walls_3862/
http://www.objectivebooks.com/2017/03/rcc-structures-design-mcq-questions-set.html

EXPERIMENT

Water Tanks and Towers:

Water Tanks and Water Towers-design of
Rectangular, circular and Intzetype tanks,

column brace type staging
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Perisces Ce Carceena
et
2. IS 3370:2009 (Part-21: Code of Practice for Concrete Structures for Storaze of ¢
TS I0r Jfor2ge of Lagoug

Romforied Conerete Structures

3. IS 2370:1967 (Part-3i: Code of Practice for Concrete Structures for Storage of Lo

®
Premtreised Cinicrete StRctares
cused cTTie Structure

4, FS 3376:1967 (Part-4): Design Tables for Design of Reinforced or Prestressed Concrse
Structures for Storage of Liguids. -

'22.2. DESIGN PHILOSOPHY AND REQUIREMENTS

Dezuipn of liguid retaining structures 1s based upon the fact that the concrete should not crack and
henoe the tenule strength of concrete should be within permissible limits. In order to control crackang,
vanoos reguerements regarding matenal, joints and reinforcement detailing are listed 10 IS 3570 (Pat 1y
2%, wome of which are explained below:

. Concrets mites lower than M30 are not to be used for design of Liguid retaining stroctares,
The use of ncher mixes results in less cracking.
The structurs retaining the liquids should be designed as “subjected 1o Severe Exposurs

ndinons”.
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ring shnnkage etc.

Cracking can be controlled by using the plasticizers and by using minimum amount of coment

comtent which will result in reduced water content per unit of concrete mix. The minime=

cement content from durability cntena is 320 kg/m-.

S_ Crackmg czn also be controlled by reducing the steep changes in temperature and moisturs
comtent at carly age of concrete. Cunng should be done at least for a peniod 14 days.

6. Correct placing of reinforcement bars, use of deformed bars, bars closely spaced and use of
wmall sized hars will also result in reduced cracking.

= Crack widih for reinforced concrete members in direct tension and flexural tension is considered

sctory. if steel stress under service conditions does not exceed 130 N/mm” for high streagth

i~

sats!
defurmed bars,
%  The maumum calculated surface width of cracks for direct tension and flexure should not be

mere than 0.2 mm with specified cover.

|m. METHODS OF DESIGN

The design of water tanks can he done hy any of two methods given below:

(1) Larmt state method of design,
tir) Weorking stress method of design

(i) Limit State Method of Design

I this methosd, all relevant i stares should be considered and satisfied with an adequate Jdegree
of wafety and serviceability. The linnt state of collapse and it state of sery weability (Deflecuon and
Crackang) should be tollowed as per 1S 456 2000
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i
(i) working Stress Method of Desipn

P he working stress method for devipn ol wite

rranks s base . ) )
and “renpth ' el om aderpunte resistance 10 cracking

The vanous assumpuons of this method are as follows (Beler Chapter 2)

tar) Plane sections remain plane before amd afiey Bending

(1 Steel and concrete behave el ally and the odi)ar ratio, m is given by
JHO
v,

"

te) The tensile stress i concrete is limited 1o the values piven i Table 22 1 for calculation of
resistance 1o oracking,

tedy The tensale strength of concrete is ignored Tor all strength caleulations

Permissible Stresses in Concrete:
(1) Resistance to Cracking: The permissible tensile stress in concrete related 1o resistance
cracking s given an Table | ol IS 3370 or Table 22,1 here.

TABLE 22.1. Perminsible Concrete Stresses In Calculations Related 1o
Resintance to Cracking

{ S. Na. I CGrade of Concrete Direct tension Flexural tension
(N/mm®) (N/mim® )
| M25 14 (I
> M0 1.5 20
2 M3S 1.6 2.2
3 N40 1% 23
;1 MAasS 2.0 26
< M0 0 | 2.8

The permissible shear stress values for concrete are given in Table 23 of 1S 45620000 Thewe valoe
Cun b ;,L:._.uj,-d provvded the shear remforcement s desipned tiking into account these cxoeeded valucs

i2) For Strength Caleulations: The permissible stresses in concrete for calculation of ureng
are piven mn Table 2 of 1S 3370 o Table 22 2 here

TABLE 22 2. Permissible Stresses in Concrete

[ 5 ne | Compressive Stress lNImm’l__4 Aserage Boand Stresa for
' o ; Bending Direct Mlain bars in tensdon
| \ ) o) (Nemen®) 1,
[ — () 6o 09
! 10 %0 10
5 TR 90 5 b
2 1v 0 1 a9 12
. 149 1o 1
: 160 120 1 s
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Note:

1. Bond stress in compression should be increased by 25%.
2. For deformed bars, the bond stress should be increased by 607,

-~

Permissible Stresses in Steel

1. Resistance to Cracking: The permissible stresses in steel s limited by the fact thy he
permissible tensile stresses for resistance to cracking in concrele are not cwccdcdt In order to hayve the
perfect bond between steel and conerete, the permissible stress in steel can be written as:

n" = I"ﬂ‘ ¢
where o,, = permissible tensile stress in steel
a,, = permissible tensile stress in concerete
e = modular ratio of steel and concrete.

2. Permissible Stresses for Strength Calculations: For the purpose of strength calculations i
liquid retaining structures. the permissible stresses should be as histed in Table 4 of IS 3370 (Part 2) of
Table 22.3.

TABLE 22.3. Permissible Stresses in Steel for Strength Calculations

S. No. Type of Stress in Steel Permissible Stresses (N/mm?) j
Reinforcement Plain mild High yicld strength
steel bars deformed barx
I. Tensile stress in members under ;
direct tension, bending and shear 115 130 |
2. | Compressive stress in columns ;
subjected 1o direct load 125 140 I

l22.4. IS 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 (Fig. 2201 and 22.2) should not be less than 0.35% of the cross-
sectton of surface zone for HYSD bars and 0.64%9% for mild steel bars.

L
4 _t]l. :

Lo

-l

|-

Pl 22,0 Surface zones: walls and suspended slabs,

J

The mimumum reintorcement can be turther reduced 1o O 244 tor deformed bars and 0409
tor plam bars, Tor tanks, not having any dimension more than 15 m.

oI tank walls and slabs, having thickness less tuan 200 mm, the reinforcement can be placed in
one liwe only
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4. For ground/base slab, h:l\ing thickness less than 300 mm. the reinforcement should be p|;|¢¢d
on one tace, as near as possible o the upper surface consistent with the cover.

S. The spacing of reinforcing bars should not exceed 300 mm or thickness of the section. whichever
is less.

6. Size of bars, distance between bars, laps and bends should be as per IS 456:2000.

Note:

I. For D = 500 mm i.e., thickness of the member greater than or equal to 500 mm. cach

reinforcement face controls half of the total depth (/2) of concrete.

For 2 < S00 ie.. thickness of the member less than SO0 mm. cach reinforcement face controls

250 mm depth of concrete, ignoring any central core beyond the surface depth.

L .___mwmmnwmism

19

Fig. 22.2. Surface zones In ground/base slabs.

|22.5. JOINTS IN WATER TANKS
The joins provided in water tanks are classified, as per the IS 3370 (Pant 1): 2009, as given below:
(a) Movement Joints

In this type of joint, relative movement between the adjoining parts of a tank, such as wall and the
floor slab, is permitted. These joints require the use ol special materials, in onder 1o maintain water
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tightness thus accommaodating the relative movement between the sides of the joint. There are three
types of movement joints which are explained below:

(1) Contraction Joints

It is a movement joint, with deliberate discontinuity, without initial gap between the concrete on
cither side of the joint. The joint is designed to accommodate contraction of the concrete as shown in
Fig. 22.3.

A contraction joint may be designed as complete or partial. In a complete contraction joint both
concrete and steel are interrupted (discontinued) while in partial contraction joint only concrete s
interrupted and the steel reinforcement i1s continuous. A complete contraction joint is not restrained 1o
movement and s intended 1o accommodate only contraction of concrete while the partial contraction

joint provide some restramt to movement in addition to accommodating some contraction of concrete.
These joints are shown in Fig, 22 3(a) and (b).

Jownt sealam Jownt sealant
Discontinuity in concrote
no intal gap Strip panting
- a v
a4 a
o
a >
> > -2 > >
< 9 g 3
Ses — [
remntoronmere / /
Discontinuty in steel Discontinuty in concrete Contruity of steel rerforcament
but no imitial gap
(a)

Fig. 22.3. Contraction joints.
(2) Expansion Joint

In this type of movement joint, complete discontinuity in both steel and concrete is provided 10
accommuodate 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 accommaodate
cxpansion/contraction of the concrete as shown in Fig. 224,

Iretia! Gap
AN TREF T

w
a v

Wator Bar

Dhsccntwnity wy tan
Carivie vl Sipw

Flg. 224, Expansion joint
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(3) Sliding Joint

A movement joint which allows the

JM adjoiming parts of a structure to slide relative to each other
with minumum restraint is known

as shiding joint. In this joint, complete discontinuity is provided in

Lol at the d|\cnnlinuily special provision is made to facilitate the relative
Fhis type

hoth steel and concrere and
shiding movement

7 ) oF joint s generally provided between the wall and the floor of the
ey hindrcal mk and is shown in Fig. 225
: vV »
- 6 2
4
. “
3 ¢ b
Strip painting
< a Y 4
[~
X & Joint sealant
<
o = . A v - <
N k4 A w
Ry SRR R - 6 9 A

Prepared sliding surtace or rubber pad

Fig. 22.5. Sliding joint
(b) Construction Joints

These joints are provided for convenience in construction. At these joints, special measures are
imcorporated 10 have subsequent continuity, without provision for further relative movement. These
joints may be grouted and concrete at the joints should be bonded properly. The number of such joints
should be kept as small as possible.

(c) Temporary Open Jloints

A zap is sometimes left temporarily between the concrete of adjoining parts of a water tank w hich
i~ hilled wath mortar or with suitable jointing material, after a suitable interval of time. before the
Structure is put 1o use. This type of joint is shown in Fig, 22.6(a) and (b). The width of the imitial gap
provided in the joint should be sufficient enough to allow the

sides 10 be prepared before filling
jomnng maternal,

il gap Iater filod
wth concrete

'Qs"vm /—mgnom-m

\ i

: R E‘ ‘,.1!4:’
:‘.’.\, - | , D 4
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SOLVED EXAMPLES

b Example 22,1, Design o (irru‘lnr tank with o fMexible hase for o tank of 1,00,000 litre cnpncll.y.
Ehe depth of water in the tank is § m. Use M25 concrete and Fe 415 steel. Take unit weight of water as

9N k.\'/m’.

Solution. Given: Volume of water in tank = 1.00 000/

TEMMNN) 1
= m
[IHN)
Hewpht of water inank (/6 = S0Om

N x o - 22 3
Permusable tensale stress i steel = 100 N/mm”™ Tor Y ST bares [r"hL l

. i 2 16 crote [Table 22.1]
Permissible ditect tensale stress i concrete = 1.3 N/mm® for M25 concre

I 1) s the diameter of the tank then

XUNN)
Volume of tank = LLLLLY
1000
T opleso =100
4
DD =505m
Hence provading a diameter of .1 m
# \Mavimum hoop tension (T)
o 2
51
= 98 x 5‘. - -2—
7 = 12495 AN per m height of the wall
® Arca of Steel
-
n-l
124 9S8 = 1(xx)
- — - ——

130
A =902 mm®
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= 11" nuny

Spaceag roguared =

FHoace provvadis 12 oo dhamasoner Sowys inegsy @ 1Y m o
t = 1.7 nun

e S L
- . - s
Az 2 S m o g T =02 S AN per ny aml Vst = IS henew spncing coan e il

® Thickoess of tanX wall: THe hacmess of the wall shouhd B sl that the tensile stives 1 e s

§ mex oxoeend the permasabie value ()

-
> B )

<

R -
S T TP T

1 12495 2 1Y
3 5 —
TN (1 -y 127

r >SS mm

Hence provadimg 2 thackness of 100 mm for tank wall
O 3855 of Nasection arca of surface rone

"e ~~ =
= u w0 x !!l') (1« YOO oo, Art 22 0]
100 2
= 175 mm® < 1027 mm’ Henee OK
The spacing of hoops > 300 mm or the thickness of section
Prostine 12 mm diameter hoops @ 110 mm o/ along the height of the wall. The spacing is
e rraed 10 220 mm ofc at a distance 2.5 m from top.
® Distribution Reinforcement
[orazritmstsom and temperature steel is provided ¢ 0.35%
= 175 mm~
Promosding % men diameter bars @ 250 mm /¢ verucal steel
2 % S0 = XX
A, = S50
= 200 mm’ > 175 mm’ Hemee OK
8 [hevign of Base/}loor Slab ; ,
e e e tank floese s resting on the ground, the load gens directly u.unlnuf\l toy the wnl Hem
prore s ting a e tachness of 180 pum and O 359 mimimum steel i each dired tion
O o 130
1) a
(Reter Art 22 4]

< 26V mm’
"
Merwe pronoade Ko doamcter bars @ I i o/ i both dires tions at top and bottom face ol the Flis

ol
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EXPERIMENT NO. 5

Retaining walls:

Analysis and design of
Cantilever Retaining Walls:
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g Minimum depthof foundation (k)

mm

h

_ g._.(l-sintb ’
Y Ll4smad

M(l)"
IR 13

- . hl
mn = LI m say 1.2 m

Providing the depth of foundation as 1.2 m

Total height of retaining wall = Depth of foundation + Height of embankment

Total height of retaiming wall (H)

1.2440
S2m

== 2 Preliminary dimensions of the retaining wall

J

Assuming

L (1) Base Width (h): Tt vares from 0.4 Hto 0.6 H

b =28m

Length of toe slab = 0.3h 10 045

(2) Thickness of Base Slab

= 850 mm (say) _

Thickness of base slab is assumed to be % = Sm‘mm.

-

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

H A . . . L
Thickness of stem may be assumed as v at base but hc‘n. depth required from BM mn\xdcTauon is

calculated.

Pressure at the base of the stem = K_yh

Moment 11 the base of the .\lcm

Ulnmate moment at the

r

\

-

-
=

=

-
-

-~ y

AL
1 x18x4.7
3
28.2 KN/m”

'

i 2 i h
S(M".' :c .‘

= 10381 kNm
hase of the stem

= 1§ = 04K

= 15574 ANm

- . . .

(h=52-05=47m|

——e—

We s

’
-

b4
r
|»
- _‘_‘.d.- ' ’
.‘

=

g

Fig. 18,10
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Minimum depth required Tor a halance section s

/ AL
teapt \,(- A

R, = 276, Tor M2O concrete and Fe 415 aeel
155.74 210"
Qs = \ 270, 1000

155 74 » 10"
2767 |HF)

o

= 234 mm

Assuming 60 mm cover,
Total depth required = 235 4 60
= 2U% tin

T

> -
Fonrdorr ot T orvory f/"".-. -

Hence taking £2 = 350 mm at base of stem and reducing it to 150 mm st top. Figure 1611 hoas the 1l

section.

L

= 3 <N
|
|
iim | . ;
- w‘ 47Tm !'
52m
GL l \
N - i \'
i f
- 085m ’ 16m i \
g ' \
12m . ] \
l o5m ' \
L w. L_—/
= . 28m 3 t
o i E X
-~
L
Fig. 1611 =%
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walls
Latai? g V*
L3 U

i
.’

o Forces Acting on the Retaining Wy, Re

S —————
——

e ——

a27
o I —
. crFig 16
ype of Force Magnitude of "'1\%—3, ==
Force (kN) Position of force Bending moment
| ‘ TTTTTTT————— | frmtocend 0 im) | attoe end 0 (kNm)
' . ”“-rlnrl\ll\}; force \' = it i
o \
L () b5
po= (K YH)H ;x[-‘ xmxs.:)“, i
Y2 £ N U TERSe 133 8112 « 1,723
= K1.12 v
= 140 61
| . T, = 140.61
'3, Restoring forcees .
[r Wessht of Dackiill (W) | 1.6 x47 % 18= 13536 | 2.8- L6 29 270.72
(b Werehit ol stem 4 o
I (0 Werght of rectangular D15 x147x25 0.8 + 015 015
I Pt = 17.625° = 1,125, - 19,828
' o Werght of tniangular % x (12 x 4.7x 25 0.85 + % x 0.2 =
‘ portion (W, ) = 11,75 0981 " 11.554
) ; 2.8 =
|t Weight of base slab (W) | 0.5 x 2.8 x 25 = 15 ==14 19
TW = 199,735 M, = 3511
| 8@ Stability Checks
(1) Overturning »
b
09Mz _ 0.9x35110 R
M, T 14061 3
' =22> L4tence ok, :
(2) Sliding
0.9F, > 14
Fs s
Fy = p}__‘“;‘ =045 x 199735 = S9.88 kN
F; =P, =8LI2KN
: -
0D.9F, 0.9 = 89,406 0.99 < 1.4
_— B cdsbe— L -
Fy S22 -

Hence, shear hey is to be provided to increase the resistance against sliding,

31 Base Pressure

Resultant moment at toe end O

=M, M,
= 351 - 14061
= 21049 ANm
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s wans e 5
‘.“-? AN =

Ared of steel CALY in stem

Vv =13979.

.\I“

‘557_\ =~ ‘()"

234, + 20794392 §

On solving the cequation

{ang 16 mm diameter bars,

Pistnibution steel s provided 0 0,129 of total x-sectional area

LAXY) el

A

SO

Spacing required

0w S
\,= 0. 106 ‘[M
10 2
AL = 200 mm”
Usimg 8§ mm diameter bars, Ay

Hence. provide 8

azel

Simularly provide 8 mm diameter Fe 415 bars
facet of the stem as temperature and shrink

Spacing required

Check for shear

The cntical secti

on for shear is at a distance d from

Shear torce at this section of the stem

For

Nominal shear stress

t'

"

]

n

429
087 /‘_\",,[, _ LA
,’,"’ll
087 x 415 x A, x200[1 - -84
' 20« 1O = 290
0

1693 mym*

200 mm”

_ 2011000
1601 =118 mm

Hence. provide 16 mm diameter, Fe 418 bars @ 100 mm c/c
Distribution steel

150 + 350,
———— ]isthe average thickness of the stem

0.3 u\m2

S0.3 x 1000
300

mm diameter Fe 415 bars @ 150 mm c¢/¢. on the inner

= 167.5 mm

face of the stem as distribution

@ 150 mm c/c in both directions at the outer face (front

age reinforcement since this face is exposed to weather.

base of stem ie, h=34T7-029= 4.41

l(l " |ax4.4|)x4.4\
3

§7.52 = 1000
Joa = 290
M- FENX)
TN = 290
0S4 .\'lluu\"
0.5 NAnm® > T,

- 0 W0 N/mm’

w eV

(from Table 5.1)
henoe OK
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430 Reinforced Cement Concrotg
xmum

Curtailment of tension reinforcement
raves like a cantilever. the bending moment goes on reducing towargd,
yrecement can be curtailed along "_”':

As the stem of retaining wall bel
the top of the wall and hecomes zero at the top. Therefore. tension reinft

height of the stem.
Development length, L, for 16 mm diameter bars

0.87 f‘o
L, = ——
4tf\l
.87 <x415=16
L,

dx1.6x1.2

= 752 mm

Therefore. no bar can be curtailed up to a distance of 752 mm from base of the stem. Curtailing bars at

a distance 1000 mm from base of the stem 7.
4700 — 1000 = 3700 mm (rom top of the stem

Total depth : 150 200) = 3700
. O - ~c 11 = -
otal depth at this section 3700

= 307 mm
Effective depth at this section = 307 — 60 = 247 mm
Moment due to earth pressure at 3.7 m [rom top
K,,’(h"
6
- %[l‘ X 18 x 3.7’]
50,7 KNm
Ar, 1.5 x 50.7
M, = T6kKNm

-

Area of steel required for an ultimate bending moment of 76 kNm

415A
10° = 2471 - 2
76 x 087 x415x A, x [I 30%1 x247]
2

On solving, we get Ajecqs = 924 mm”
Using 16 mm diameter bars,

. 2 1000

Spacing required = __()_l:2—4__ =217 mm

Hence half of the bars can be curtailed but as per 1S code, 120 or d distance, whichever is more, is to be
ailment the bars at 1.3 m from base or 34 m from top

provided beyond the point of curtaillment. Hence cunt
1.3 m from base of stream.

of stem. Thus providing 16 mun diameter bars @ 200 mm ¢/¢ alter a distance of
Simatarly, une more curtallment can be done at 1.5 m from top of stem.

\
Moment at this section = I8 =15
Ixn

= 3475 kNm
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P

trepe curtmiang anothey half of

s

’ |“1
"'. = S x3

i 337s

=5 1ANm

Drpeh 22 o section = 150 « =00 3200

E e
=286 mm

d = 286 - &)= 226 mm

5
S1x10% = 087 x31S>x A_ ~x226]1 - 2 i
" = ) « 1000 = 226
rwgt —OSmmM <A

= wen € 0 mm
v

=

bars 2t 1.S m from top and providing 16 mm diameter bars

- 1
Ll
' ' cee®
\ 1 L} st
= p .
= * S af
L . &S
5 Sk R .
T T 4
14 L %2 - | | Prm = ¥7.83 i
- % 5
'2"3“"—.- l l -E l_'_———" - \
=1 22183 —17.83 :
PRI &Sy, AR q”‘ D 1.6 =784 kN/m
2383 —-17.83 2
17.83+"‘4's; 8‘ 53) <1.95 =092.35 ansm
T
Fiz. 1613 e X 0-5%
Gy — - ,{

carth supporicd on heel = 1S x 4.7 =S464N\/m
cight o .
: =05x10x25=125kN/m
Seif weight of heel slab = 0.5
Totzl load = 97 1 AN/m

gr1-16° 1783x16° [y -
LAz rmresrn hending moment 2t B = 5 3 {:(7&4 1783y« 1\9?

= 1015 - 258
=75 7kNm
M =15=x757=1136KkNm

M3 610" .
des = \'m =202 mim < M mim. Hence OKL
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Techno India NJR Institute of Technology
B.Tech. VI Semester

WATER AND EARTH RETAINING STRUCTURES DESIGN
(6CE4-24)

Quiz

1. The system in which high tensile alloy steel bars (silica manganese steel) are used as pre-

stressing tendons, is known as
(A) Freyssinet system
(B) Magnel-Blaton system
(C) C.C.L.standard system
(D) Lee-McCall system
Answer: (D)

2. . Anunder-reinforced section means
(A) Steel is provided at the underside only
(B) Steel provided is insufficient
(C) Steel provided on one face only
(D) Steel will yield first
Answer: (D)

3. The angle of repose of a soil is the maximum angle which the outer face of the soil mass

makes
(A) With the horizontal
(B) With the vertical

(C) With the perpendicular to the inclined plane of the soil
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(D) None of these
Answer: (A)

4. In adoubly-reinforced beam if ‘c’ and ‘t’ are stresses in concrete and tension
reinforcement, ‘d’ is the effective depth and ‘n’ is depth of critical neutral axis, the

following relationship holds good
(A) mc/t=n/(d-n)
(B) (m+c)/t=n/d+n)
(C) (t+c)n=(+n)/n
(D) mc/t=(d-n)it
Answer: (A)
5. Arraft foundation is provided if its area exceeds the plan area of the building by
(A) 10 %
(B) 20 %
(C) 40 %
(D) 50 %
Answer: (D)

6. .If plis the vertical intensity of pressure at a depth h on a block of earth weighing w per
unit volume and the angle of repose ¢, the lateral intensity of pressure p2 is
(A) wh (1 -cos @)/(1 + sin @)
(B) wh (1 - sin @)/(1 + sin @)
(C) wh (1 -tan @)/(1 +tan o)
(D) w(l-cos@)h(l+sing
Answer: (B)
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7. According to I.S.: 456, 1978 the thickness of reinforced concrete footing on piles at its

edges, is kept less than

(A) 20cm
(B) 30cm
(C) 40cm
(D) 75cm
Answer: (B)

8. The percentage of minimum reinforcement of the gross sectional area in slabs, is
(A) 0.10%
(B) 0.12%
(C) 0.15%
(D) 0.18 %

Answer: (C)
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9. AnR.C.C. beam not provided with shear reinforcement may develop cracks in its bottom

inclined roughly to the horizontal at
(A) 25°
(B) 35°
(C) 45°
(D) 55°
Answer: (C)

10. Cantilever retaining walls can safely be used for a height not more than
(A) 3m
(B) 4m
(C) 5m
(D) 6m
Answer: (D)

11. . The maximum area of tension reinforcement in beams shall not exceed
(A) 0.15%
(B) 1.5%
C) 4%
(D) 1%
Answer: (C)
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12.0n designing retaining walls it is necessary to take care of
exerted by soil mass.

a) Erosion
b) Lateral pressure
c) Surcharge

d) Lateral stres

Answer: (b)

13. The material retained or supported by the retaining structure is called
(A) (a)Surcharge
(B) (b) Support wall
(C) (c)Back fill
(D) (d) All of the mentioned

Answer: ()

14. The position of the backfill lying above the horizontal plane at the top of wall is called
(a) Active state

(b) Plasticity
(c) Surcharge
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(d) Slip lines

Answer: ()

15. Below are the function of retaining wall except?
(a) Retain soil behind the wall
(b) Permanent structure of a building
(c) control ground water permanently
(d) Prevent landsliding or overturning

Answer: (a)

16. Define surcharge
(A) Material retained or supported by the wall
(B) Backfill lying above the horizontal plane & its inclination to the horizontal
(C) Backfill lying above the horizontal plane at the elevation of top of wall
(D) Anything behind the wall

Answer: ()
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Techno India NJR Institute of Technology
B.Tech. VI Semester
WATER AND EARTH RETAINING STRUCTURES DESIGN

(6CE4-24)
Viva
When designing a water storage tank, should movement joints be installed?

What is the crack pattern induced by hydration due to internal restraint?

What is the purpose of adding cooling pipes or even using cold water for concrete in

concreting operation?

Is the material of formwork (timber or steel) helps to reduce thermal cracks in

concreting operation?
What is the importance of critical steel ratio in calculating thermal reinforcement?
In selection of water stop, shall engineers use plain dumb-bell type or center-bulb type?
Define conjugate stresses?
How do you check the stability of retaining walls?s

Define angle of repose?

10. What are assumption in coulomb wedge theory?

11. How to prevent land sliding?

12. Distinguish Coloumb's wedge theory from Rankine's theory?
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