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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

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 10

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.
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Course Outcome Mapping with Program Qutcome:

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 P 1 1
3 2 2 3 2 1 2 1 1 1 1 1 2 1 1
Course Outcome
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 p 1 1 1 2 1 1 2 2 1 1
C0355 (AVG) 3 22 | 22 | 26 2 1.2 | 16 1 1.4 1 1.2 1.8 2 1.2 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.

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 coy, artand:buttress type retaining walls, their
structyral behéﬂ%w stakilityl aoulysis.
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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

https://www.brainkart.com/article/Important-Question-And-Answer--Civil---Retaining-Walls 3862/

2.
3. https://www.objectivebooks.com/2017/03/rcc-structures-design-mcqg-questions-set.html
4.

https://engineeringinterviewguestions.com/mcqgs-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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2. IS 3370:2009 iPart-2): Code of Practice for Concrete Structures for Storzze of Lasne
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4. IS 3270:1967 (Part-4): Deugn Tables for Design of Reinforced or Prestressed Concre-.
structursy {or Storage of Liguids -

'zz.z. DESIGN PHILOSOPHY AND REQUIREMENTS

Dzwspn of liguid retaiming structures 15 based upon the fact that the concrete should not orack e
henice the wwnale strength of concrete should be within permissible limits. In order to control cracieng
v anous reguiremenits regarding matenal, joints and reinforcement detailing are listed 1n IS 3370 (Past 1
=R, wome of which are explained below:

| Concreie mives Jower than M30 are not 1o be used for design of Liquid retaning structores,
The use of ncher mixes results in less cracking.
The wructurs retamning the liquids should be designed as “subjected to Severe Exposurs
Condimtions™.
i The cement content. not including fly ash and ground granulated blast furnace slag. should nee
crc=ed 206) kg/m’ unless special consideration is taken for increased risk of cracking due
drying shnnkage etc.
Cracking can be controlled by using the plasticizers and by using minimum amount of cement
comtent which will result in reduced waler content per unit of concrete mix. The mnime=
cement content from durahility entena is 320 kg/m',
§_ Cracking can also be controlled by reducing the steep changes in temperature and motstzre

comtent at early age of concrete. Cunng should be done at least for a peniod 14 days.

6, Ceorrect placing of reinforcement bars, use of deformed bars, bars closely spaced and use of
nall sized hars will also result in reduced cracking.
Crack widih for reinforced concrete members in direct tension and flexural tension is considered
catnnfsctony, if steel stress under service conditions does not exceed 130 N/mm” for high strength

ha

',

defurmed bars.
%  The maumum calculated surface width of cracks for direct tensien and flexure should not be

e than 0.2 mm with specified cover.

|m. METHODS OF DESIGN

The devign of water tanks can be done hy any of two methods given below:

(i) Lumit state method of design.
fin) Wenrkang stress methond of design, ‘
. chnology
(i) Limit State Method ﬂ{\dﬁm&mﬁ‘m\e oﬂe/ v
In this mcthasd, Eﬁrfrtlll:'\'unl 1|;uﬁ,&ﬁ W |fﬁﬁ]}_- \'llll\hlftl'li and sansfied with an :Idtl.l“.ﬂf Lk}:ﬂff-'
o walery and serviceabulity, The hini ;-.--Eﬁm.-&m@hp Sl state of serviceatality (Detlecnon and
€ raak mgh whasalid b 1 l“u“'l,'a], as r"-'l"uir*i ""h@ﬂf\ﬂpa\)

—-‘
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working Stress Method of Desipgn
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ling
i Steel and concrete behave el

cally and the swwdular ratio, m s given by

TR
i

M =

1w

() The tensile stress in concrete is limited 10 the values piven i Tahle 22.1 for calculation of
resistance to cracking,

() The tensile strength of concrete is ignored for all strength caleulations

Permissible Stresses in Concrete:

(1 Resistance to Crucking: The permissible tensle stress in concrete related o resistance 0

cracking s given an Table 1 ol 1S 3370 0 Table 22,1 here

TABLE 22.1. Permissible Concrote Siresses in Calculations Related 1o
Resistance to Cracking

T* S, .'\'n.. R I.rmlt of Concrete Direct tension Flexural tension
l (N/mm') (N/mm’)

] M25 1.) L

2 Man 1.5 110

2 MIS 1.6 2

. M A0 I 24

P L EL 2.0 26

€ 1 l.1 'Hl A 21 I /. s

. il

The permissible shear stress values for concrete are given in 14"'“ 23 of 1S 456:2000 Thexe vahx

oo ontnidial pm'-uk:d the shear reinforvement iy desipned tking imto account these excerded values
o |

12y For Strength Caleulations: The permissible stresses in concrete for caleulanon of weng
siven 1n Table 2 of 1S 3370 or Table 22 2 here

are
| TABLE 222 Pcrmlnlhlu Stresses in Concrete -
5. N;. 1 Grade of ffl_tp[n:hr Strows l‘tfmm 1__! Aserage Hond Stresa for
| | ¢ " Bending Direct Plain bars in tensdon
| Cancroele },
| ta) | o) Nimm') 1,
i el ——— e — Y — ————
| I _ » | "L 60 -
1 M
LI . LN 10
¥ LY LY of ‘i
: U‘Fem'u } W0 i
. iy NJR Institute
. F°‘T-.ur} s e & O&’:[éwol‘ L |32
P ST anka) Kirhar Perv” 1o -
. (XL \"r'li (Pﬁl'\éﬁé“ 120 18
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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 60%.

Permissible Stresses in Steel

I. Resistance to Cracking: The permissible stresses in steel s limited by the Fact thy the
permissible tensile stresses for resistance to eracking in conerete are not exceeded. Inorder to have g,
perfect bond between steel and conerete, the permuissible stress in steel can be written as:

a0, =ma.,
where @, = permissible tensile stress in steel
., = permissible tensile stress i conerele
m = modular ratio of steel and concrete.

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

TABLE 22.3. Permissible Stresses in Steel for Strength Calculations

S. No. Type of Stress in Steel Permissible Stresses (N/mm®) R
Reinforcement Plain mild High sield strength |
steel hars deformed bary
'. I. | Tensile stress in members unier I
direct tension, bending and shear 115 130
2 Compressive stress in columns
subjected to direct load 125 140

|22.4. IS CODE RECOMMENDATIONS REGARDING DETAILING IN WATER TANKS

I. The mintmum reinforcement in walls, Moors and roofs in each of two directions at right angles
within cach surfuce zone (Fig. 221 and 22.2) should not be less than 0.35% of the cross-
section of surtace zone for HYSD bars and 0.64% for mild steel bars.

I ii&‘; z\\l!\RHngﬁw‘é @ML&@L’@dHi and suspended slabs,
2, The J‘Iil!IIIIFi@f[Il{d-z‘Ilrhlll't‘l‘l‘}_l"llll”lfﬂ' JEM;M reduced 10 0.24% for delormed bars and 0.40%

Por plain bars, lor I.u1Laﬂ?ﬂ?&\ﬂfkﬁmuﬂmﬂﬁmlu more than 1S m,
Lo Dovank walls and shabs, h.n.—-u{np% vkp!‘:mcip-a\})cn tan 200 mm, the reimforcement ean be placed i

one lace only.
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4. For pround/base slab, having thickness less than 300 mm, the reinforcement should be placed
on one Lace, as near as possible (o the upper surface consistent with the cover.

S. The spacing of reinforeing 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 1S 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 (D/2) of concrete.

For D) < 500 i.e., thickness of the member less than 500 mm. cach reinforcement face controls

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

bl

— mmﬂrmhwriumdﬂ

D < 300 mm
_l_ a7 J1emm
T V/% / Lm
D > 500 mm
r E WWW Tico mm

Fig. 22.2. Surface rones In ground/base slabs,

| 22.5. JOINTS IN WATER TANKS
prov ided in water tanks are classified, as per l]u: IS 3370 (Part 1): 2009, as given below:

1.hc jl‘““‘. 1-(8[:4‘\' | lw‘l
aNJR \nsfitute 011 o

< ndi

(a) Movement JulFrgfL“ \ndi | J}d\ N

In this type of joint, relative movg ffbetitel lgf.ﬁgﬁ?"‘““ﬂ parts of a tank, such as wall and the

flonse slab, i permitted. These joints rep3eKe) .&ud‘&:;xil special materials, in onder 1o maintain water
' (Princ!
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tightness thus accommuodating 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 & 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
Fip. 22.3:

A contraction joint may be designed as complete or partial. In a complete contraction joim bath
concrete and steel are iterrupted (discontinued) while in partial contraction joint only concrete js
interrupted and the steel reinforcement 1s continuous, A complete contraction joint is not restrained 1o
movement and 15 intended to accommaodate only contraction of concrete while the partial contraction
joint provide some restraimt to movement in addition to accommodating some contraction of concrete,
These joints are shown in Fig. 22.3a) and (b).

Joal sealard Joart nealant
Descordmuty in concmis

o sl gap }

Dracontinuty in concrete Contruity of steel rerdorcament
bt no initial gap
{a) th)

Fig. 22.3, Contraction Joints.

(2) Expansion Joint

In this tvpe of movement joint, complete discontinuity in both steel and concrete is provided 10
accommodate either expansion or contraction of the concrete. This joint has no restraint to movement.

This tape of Jomnt requires an initial gap between the adjoining parts of a structure to accommodate
expansion/contraction of the concrete as shown in Fig, 22.4,

1— — Joat Soalart

Yilator Par

—

L)y a L]
L
=

"’"i:":!:r‘ P

L2
. -rea‘.ﬁw-“ -‘":.
3 \nld'ra'NﬂMnsu e Ol 2wy e

For € e —1 J\G“ b
Gm;} P ‘ Kuma‘- Pcﬁrﬂ Fila
(T mﬂﬂﬁhi‘m i0al)
Carwovia il Qﬁ&\ﬁc‘pa

Flg 104, Kxpansion jolnt
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(3) Sliding Joint

A movement joint which

allows the adjoining
Wi as slidin

and at the diseon
sliding movement. This type of joint i«

ey hdrcal ik and is shown in Fig.

, _ parts of a structure to slide relative to each other
NN resten . e _ :

with minim Famt s kng £ Joint. In this joint, complete discontinuity is provaded in

tinuity special provision is made to facilitate the relative

generally provided between the wall and the floor of the

hoth steel and concrere

25
T J
& v
Ir o ALY
: 4
]
4 g 7
Strip painting
a4 -4
=
! L Jaint sealant
'_/
L+ M bl .|
= AW
« | ] v - W v
a e
: / AR h 20

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
mcorporated 1o have subsequent continuty, without provision for further rel

ative movement. These
ints 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 Joints

A gap is sometimes lelt iemporanly between the concrete of adjoining parts of 4 water tank w hich
s Billed waith mortar or with suitable jointing material, after a suitable mterval of tume, before the
Mructure is put o use. This type of jointis shown in Fig, 22.6(a) and (h). The width of the imitial gap

provaded in the jomnt should be sulficient enough to allow the sides o be prepared before filline
fnting mastenal,

Irtinl gap iater filod
with concredae -;:\s:m Pantrg Invhal gag Later Hleg
e _l__._-i N ot

r
=

(rechnolodd

N >/ |
‘]3: T 'iR~\-n-§%ﬁ\u\e 0
--—-—-".‘.‘,....-——v;QT[‘-'L—-- l?_l‘-i\lﬁ‘ii:__ mﬁ\r&’\

4 .
\Z“'““‘-‘gf"’? B et P —
! o (principe) N

Fig, 226, Temporary open joints,
< “{
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SOLVED EXAMPLES

— e ——

b Fxample 2210 Design o circnlar tank with o Dexible hase for o l'nn!f of 1,00,000 litre t'ﬂlﬂ"‘“'!’-
e depth ol water in the tank is 8 m. Use M 25 concrete and Fe 415 steel. Take unit weight of water as
U} I-..'\'i'llll.

Solution, Given: Volume of water in tank = 1,00 0004
[LLLL T
. m

L

Hewht of water m bk (/) = 50m
[Tahle 22.3]

[Table 22.1]

Permsaible tensale stress i steel = 10 NAnm® Tor HY S0 bars
Permisable direct tensle stiess an concrete= 1.3 Ntmm© for M25 concrete
It 1 s the diameter ol the tank then

_IIIHIH'I

(LR

Volume of tank

N =50 =100

[ =505m
Hence prosading a diameter of 5.1 m
® \avimum hoop tlension (1)
)
r-y?
]
=X x50 = Tt

o= 12495 kN per m height of the wall
® Arca of Steel
=
o

-

1 24 9% = J(XX)

I )
A, =2 mm’

.+ ta of Technolod)
y \ndia NJR |nslitute of &

Fof Te- AN
ﬁm’a . Porw®
a
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gyt

=117 mm

Spacmyg e =

Hesce provade 12 mam daamseter Sovgs imnmgsd o 11 m oA
' o= DT num

. L

= - - "
Aty dataece 28 m froem np T =02 SAN permy. and A gt ™ INT i B apoaning oonm b (bl

8 Thickmess of tank wall: The thaciness of the wall shonhd Ise i h that the tensile stiwes I o pois

|||||

e
TN e (- DA,

12498 5 10

} 9 m— e

(UL LR I L (LA

= 585mm

Hence provadimg a thackness of 100 mm for tank wall
\ (359 of Nosectron area of sunface sone

Y v

ﬂ \(I[lll\' L‘l‘) [t= MW mm, Ast 22|
LA 2

= 175 mm® < 1027 mm® Henoe (K

The spacing of hoops > 300 mm or the thickness of section,

B stime 12 mm diameter hoops @ 110 mm ¢/c along the height of the wall. The spacing is

T e
8 Ditribution Reinforcement
Dnsaritwstaon and temperature steel 1s provided @ 0.35%
= |75 mm’
Prososding ® mem duamcter bars @ 250 mm o/c vertcal steel
3w S0 x 1IN

A, = T

22 mm /¢ at 3 distance 2.5 m from top.

= M) mm’ > 178 mm= Hemoe (K

8 Diesign of Base/}loor Slah
windd, the Toad gets diretly pransterred o the sl Hence

St e e tank flossr is resting on the gro _
#isv bding o roatarrsmaeny g bness of F &) o amd 1) V890 i steed i cach dires hion

(TR ey 15
- RoRAEEY ~ =5
. nstitute oS 2
-7\\‘\6\3“-‘?‘\ ot [Reter An 2241

For lex o — Gy
- ”\{aﬁ'i(ﬁmﬁf RORYE dires tions i togy amd bt Lace o the fliwn
a

Merwe poonade B mimn duanvascticr

-

slahs . (Pﬁl'\d\Pa“
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EXPERIMENT NO. S

Retaining walls:

Analysis and design of
Cantilever Retaining Walls:

‘ \eV vi ¢y
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mearary] \Walis 425

a Minimum depth of foundation (h_ )

mim '|" ! 4 \II‘I_E
. yﬂ{z)"
R F LR

hmm - ll‘ m "ﬂ-}" L: m
Providing the depth of foundation as .

Ko EE(!-\iﬂﬁ]:

I

1.2m
Total height of retaning wall

Depth of foundation + Height of embankment

12440
Total height of retaming wall (4) = 5.2 m

a8 Preliminary dimensions of the retaining wall
111 Base Width (b Tt vanes from 0.4 Hwo oo 1

Assuming . b =1Xm
Length of toe slab = 036 10 040

' = B50 mm (say)__ t, »
12} Thickness of Base Slah

Thickness of base slab ik assumed 10 be I% = 5000 mm, Py oot

131 Thickness of vertical wall or Stem {Refer Fig, 16.10)

Thickness of stem may be assumed as :—_{ at base but here depth required from BM consideration s

calculated. 4 ’ ; &
. .
Pressure at the base of the stem = J'f,\:h <Ly [h=52-05 =_.§_? m)
= Lxisx4a
i
L3
= 28.2 kN/m” | EE
Ld
Lok yhr hl 2
Moment mt the base of the Mem = Ei_:::: S8y
. AR
i L nl,xll'!.lix-l.‘lxi{'-' e g7
= 103 81 kNm = ™~
L tigmate imwvmeni at the hase ol the stem \i n "!‘_?i
e J'eb‘*“i‘eu\ nolog : ~
_ qmmMW‘P N = 1 L 4 &b
o e %\ ‘ T
Um"‘ ~ ——
" panka) Kumar P . g 16,10
S principd)
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426 Puaprdorar] Carrart Crpppgy »
Minimwm depth required Tor a balance section s

{ M,
\©, b

h"_ = 2760, lor MM concrete and Fe 415 sieel
155 74 210"
L 2 764 1000)

fiss 710"
Y2

2. 767 1THA)
= 218 mm

/I

Assumming 60 mm cover,
Total depth required = 238 :;jl
= 29K iiin

Hence taking 1 = 350 mm at base of stem and reducing it 1o 150 mm at top. Figure 16,11 shera the

sechion, .
.

o
| =
13
N\
-

7 a Pz |
' [
1
I Ll
!
' I
I
I -
7 E |
m -
[
: l |
. ! W, s7m |
i
GL : "“‘h ir
%4 I a ' 1:
- 085 m Wimy ' fBm r
i . =l
p———— J,._,: (|} - 1 |
i - { x
e ' I
— 035m '[ H i
chini \0gy DEm J

L)

T panke
' (pnnc\Pa)
Hig. 16,11 A

fe of e
_ . 'aN-\R \nS'l\lU
Eor Ted ' \ndh %_:fd\@" _ i !
e
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' ' ' |“|. |_|[ Foree

*

N Orertnrning force

b= UK H

~ g Foree voting: on e Hrtuininu Wall: 1,

e ——

—

Ter Fag 11y

B

. festoring Torces

[y Werght of ekl t“‘l'i

':.:Nl-llxl.ﬂ-c"._:]xq- [ 29 7
; m_;: 3 T LR 112 < 1700
= 146l
sy = | o M, = 140.61

ul toe rml ] lh\m'}

Muunllmh- 1;[_-_-_ _ 1_-_'1_"";'_‘--—“-—— : -
__F__nrre (kN) "osition of foree Bending moment

6xd7x18=13536 | 28-L0.q
N 3 e

IIFH Weight of stem s
() Werght of rectangular | 0,15 x 4.7 x 25 0RS + n1s _ 1S
| portion (W) = 17.625" ;.| 114.; S 19.828
Lo Werght of triangular '.IT X (2% 4.7%x25 0.85 + = x0.2 =
portion (W,,) = 11.75 483 1] 11.554
) Weisht o b ) ) 2.8 -
o Waight of base slab (W) | 0.5 x 2.8 x 25 = 1% —=l4 49
L ﬂ =
IW = 199,735 M, = 3511
::‘ 8 Stahility Checks -
SZT verturning
09My  0.9% 35110 3
M“ ]l“]fl] \
" =22 L4 tence ok o
(23 Sliding
0.9F,
14
iR 3
F, = FF—"K =045 x 199.735 = 8058 kN
J-'.‘_ = ,P“h =‘HL|: LN
-
0.9Fs _ 09x3946 o001
3 8112 i S

Hence, shear hey is to be prov “1._,,] m mq. '&TEL\"W" cisistance against sliding,

(9 Base I"rr\mr; :

-0 \ndia
Re -uh.ml it oment at uﬁggﬁ’

‘aﬁe\\%ﬁ
oankapKuma! A o1
(pmcma\. ) AN

or. P
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Pomgir Bipr 8r) ¥ omows pn d Crga
_"%Bl 8 lany,,

[he resaltant vertical bad = LW = |'7} TV M

It acts ot o distance ¢ fronn the tee ened € (eefee Fag 10 10)

;
., LN & « | fm
17 1t
L\ I ﬁ-———'p o E:
€ l/
o
s/ o L,f . i
PR /1. sl
‘" B 2hm : o
Fig 1611
b

o z-l‘l'l-'rl'f'l
e =03 m

I
whech les in the muddle thard sone 1 or., from cemes (.44 my.  Heree GK
]

8 MMavimum pressure at toe end ()

Pose ™

Lw(,, e
b

#

28 2%

24
128 21 k%idm’ < 180 kN teale B of wxl) Hence OK

PM- i

8 Minimum pressure af heelend =p
LW[,_&:
P,p- | h

1|, #en3s]
T 1%
= [T W m'  whech i prative.
Heree ¥ as tos termaem develops anywhere on e b b
©,

1. Design of Stemn
The depeh 1eeparted fur -JKTNSR.&“&\\MQ@LS%&L sruneming e prefimnary Lancosa e

For Tex
T\fér pemw
a
or. Pank ) K g

b e imnstn wamrm il of Vigut 1l sherny = jkg Ty b ey

9,—'1'

S . —_-.—-#
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429
i ol seel tA L) instem

M, =087 ;.,1”‘:[1 = .':'_'
Llhll'

155,73 < 10" =tm?1“5ht"i:,m[i_ 1154,

20w 1K) 290
\ - 13979234, + 207943028 =)

O solving the equation

I
{ang 16 mm Jdiameter bars, A

)

n

1693y’

200 mm*

L

. i :1';1 IELY]
F-p:n:lng I‘nllllrml = _l_:.“l'l_- =218 mm
LAl L4

ence. provide 1o mm diameter, Fe 418 bars @ 100 mm cfe.
Distribution steel

¥ .

Prstnbution steel s provided € 0,125 of 1o1al x-sectional area

A = 0.2 SR TLLL R [ M] [(M ) is the average thickness of the stem ]
T : 2 2
A= 30 mm”
Lsing § mm diameter bars, Ay =503 m’
i " S0.3 x 000
Spacing required = e = |67.5 mm

Hence, provide 8 mm diameter Fe 415 bars @ 150 mm ¢/c, on the inner face of the stem s d

istribution
geta

[ irecti front
Simlarly provide 8 mm diameter Fe 415 bars @ 150 mm c/c in both directions al the outer face (
3 alh ) . 5 7 T = e :
facet of the stem as temperature and Jhrinkage reinforcement sinee this face is exposed to weather.
Check for shear

| = - I]:‘} 4+-'-1
The cnitical section for shear is at a distance d from base of stem i.e., 4.7 =

1
. ulf Ea RK-‘I.JI}:-‘I.M
Shear force at this section of the stem { 3 x|

i

1

83N

V. = 1.5x SRJ
-

V. = 87.52 KN

Ve

) - ¥ n L i
syominal shear siess N

182~ 1Oy w0 Nimm®
AT
] “’Ee@‘ﬂnuh )

o india MR
ot 0L BABTEN
K ‘GODE{" \{““ cpem-
) Bl P%n\(%)"umaw“““: (from Table $.1)
Wi " a i .
;' (-“lﬂg sonm' > 1, henoe OK
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Aeinforced Cement Concrotg
430 —22 Dengn

Curtailment of tension reinforcement
. . I | | - U .
As the stem of retaining wall hehaves like a cantilever. the bending moment goes on reducing towang,

the top of the wall and becomes zeroat the top. Therefore, tension reinforcement can be curtailed alnng the

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

087 f,0

L'I = 'l'th.f

NET =415« 16
dxl6x].2

752 mm
Therefore. no bar ean be curtailed up 1o a distance of 752 mm from base of the stem. Curtailing bars af

L, =

a dhistance 1000 mm from base of the stem e,
JTIH) ~ [EHM)

3700 mm (rom top of the stem

200) = 3T700)
Total depth at this section = 150+ 300
= 37 mm
Etfective depth at this section = 307 - 60 = 247 mm
Moment due to eanth pressure at 3.7 m [rom top
K,,‘.’Ir‘

[§}
1 lxlﬂx].'r’]
6l3

= 50,7 KNm
L, = 1.5 %507
M, =T76kNm
Area of steel required for an ultimate bending moment of 76 kNm

M

o A 247! 1 4154,
Tox 10 = 087 x415x A, x2 30 % 1000 x 237
On solving, we gel A, oad = 924 mm”
Using 16 mm diameter bars,

I : 200 x 1000 _ ,

Spacing required = T 217 mm

Hence half of the bars can be curtailed but as per 1S code, 12¢ or d distance, whichever is more, 1 10 be

provided beyond the point of curtalment, Hence curtailment the bars at 1.3 m from base or 3.4 mrfnﬂﬂl::,"
of stem. Thus provading 16 o deaneter bars 6 :eﬂge ?’e"@a‘-\ﬁ@‘w‘bﬂir“' a distance of 1.3 m from base of stre
Sumidarly, one more t'url_ul!!lil-a_'mﬂd'taumﬁkg‘ \.@3’}\9 LA :A.-igf_‘ull top of stem,

For lex o e al

SMoment al s WUH!' 'P'a{‘*lgl'i ‘u"‘ ‘ "ic n
ur. Ancipal)
(p\'\nc\

= 1A75 kNm

Scanned with CamScanner



e p— |431
_,-""-’-—‘-_-_ s

« 21523378
S1Nes

D= -'}l 2 they W = '[5“ - “:f__“" ¥ 3NN
o T

d =2

2 - 6= 226 mem

& r g
S1x10 = 087 %315 A_ x 226 ] - 4154, -l
" L 20« 1000 = 226 |

A et =85 mm’ < A, e br. M0 mm”

12 2 enothzr Balf of the bary 2t 1.5 m from top and providing 16 mm diameter hars
p S =% :

trmizn of Hed Slab

T oy

are Snndenon oo heel slab is shown m Fig. 16,13,

./ wa(1BsdT)Mm v b

. .\.Ll-'l‘
D,

-+
|P_-17.ﬂ -

o ”_ﬁiuz-t.ss—n-a:n T TR

2.4
\ 2483-17.83)
11,531-" :

28

%1.95 =92 35 kN/m

i
Fiz. 16,13, o X 0-5%

Weight of carth suppocied on heel = 18 x 4.7 = = 84 6 AN/m
: Seif weight of heel slab =085 10x25=125kN/m
Total losd =97 1 LNm

ulls L6t 17.shl.n’ 1 \
- - ——— =784 -17.83 A :
WAy pmem hcndmgmﬂﬂﬂﬂ 2 2 {Jt 178 ‘“L?

' Jg‘ ﬂ

'I'T
'i 36 % 1000 - -v2mn<Hammn. Hence OK.

""Io
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Arva of stevd for Dol wdab _-\\\

NASXI0* « 0% \nnunl-.- 334, )
L20N 1000 x 230
¢ =) | mm
Spavang of 12 nun bars = LA, O 152 mm
| 1741
' ‘:j:._“" LY ma hametor hars @ 180 mm oA at the top Lace of the heel slab e, BC.
Al ST e aiad @ 0125 of sevtional area i the other direction
i SR (UL LR L T
- 1
Uning 10 mum ameter han, oo TS S, spacing required = 100 mm

Ea-' b LR b anrvns
WU PR same 10 mm dha b @ 100 man oA in the other direction,
X Pheigen of Tow Slab

-
l‘.l‘u' weieht o

Pl above the toe slab s neglected and maximum moment is calculated a1 the face of

™he aem
02 33N 08NS -
Manvimum nw W m— - {12 ik =
nent 3 *3 (12483 -02.35) « 088 x 3* &5
= 31+ THRI=J120Nm
W, = lAx312=01.80Nm
Area of steel for toe slab
- 5
OISO 10" = OSTN SN A, x340[1 - 104,
200w TOO) = 230
= 2IANESA, « RS1001.3 =0
A, =306 mm’ < A - LY mm)
Henoe shing mumimum anca of steel of 600 mm® Thcml'nrv provide 10 mm diameter bars @ 100 mm &

< m bhoth ‘.. iy 40 1Y
4. Denign of Shear hey
Vs the wall s mot sate in shiding, shear Rey s to be provided below the stem as shown in Fig. 16,14
Pressare at face of shear key = 92.35 KN/m

Cocthicwent of passive carth pressure = -I-:“—W
1=-sn¢
K, = L g i
s — T
letthe depthof key = @ 4 [ a0
Revstance offered by shear hey = I x 92 W8 x g M“E =] Il.

= 277 0% S

Factwr of safety against shding alongwith -hc.u key J.J.;‘i Fig. 14
o \\nd\aN-\R\“s“m\‘e'P“‘y"“_".?_q"_i“d LA AL 277084 =0
For lewt o ot S A sl
- ‘Gapdl a‘f\(ﬁm' P>
Homever, prossde a 200 mum = 2000 nith s ‘9‘ ﬁﬁe\Pa“
The detals of the emnfovreement we tlumn m g 16 Qs
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