SEMESTER VI

17BECE602 DESIGN OF RC STRUCTURES II 3 2 04100
OBJECTIVE
e To understand the design concept of various structures and detailing of
reinforcements.

e To understand the design of underground and elevated liquid retaining structures.

e To study the design of material storage structures.

e To know the effect of temperature on concrete structures.

e To study the design of bridges subjected to IRC loading.
UNIT 1
YIELD LINE THEORY 12
Introduction- Assumptions - Characteristics of yield line - Determination of collapse load / plastic
moment- Application of virtual work method - square, rectangular, circular and triangular slabs
With point load and UDL (Simply support and Fixed support)- Design problems.

UNIT I

BUILDING FRAMES 12
Multi storeyed structures and framed structures-Elastic analysis, Suitable substitute frames for
gravity loadings-Approximate analysis of single and two bay frames up to three storey using
portal method and cantilever method.

UNIT 1II
RETAINING WALLS 12

Design of Cantilever retaining wall — Design of Counterfort Retaining walls-Stability Analysis.

UNIT IV

WATER TANKS 12
Classification-IS code provisions-Principles of design-Design of rectangular and circular water
tanks , below ground level, tanks resting on ground and Elevated tanks — Intze type water tank
(Theory only)

UNITV

SPECIAL ELEMENTS 12
Design of staircases (Straight and doglegged) — Design of flat slabs — Design Principles of Mat
foundation and box culvert.

TOTAL: 60 HRS

Scanned with CamScanner



TEXT BOOKS:

SL.No Title of Book Author of Book | Publisher Year of
Publishing
1. R.C.C. Designs Punmia B.C, Laxmi
Reinforced Concrete Ashok Kumar Publications Pvt. 2006
Structures Jain, Arun K.Jain | Ltd., New Delhi
REFERENCES:
SLNo Title of Book Author of Book | Publisher Year of
Publishing
Prentice Hall of
1. Advanced  Reinforced | Varghese.P.C Iedia Pt Tid 2012
Concrete Design New Delhi.
Oxford and IBH
2. Reinforced Concrete Mallick, D.K. Publishing 2003
and Gupta A.P Company,
New York.
Prentice Hall of
5 Design of Reinforced | Gambhir.M.L T Pilviita 2012
Concrete Structures ..
Limited,
New York.
WEBSITES:
» http://www.icivilengineer.com
» http://www.engineeringcivil.com/
» http://www.aboutcivil.com/
» http://www.engineersdaily.com
» http://www.asce.org/
» http://www.cif.org/
» http://icevirtuallibrary.com/
» http://www.ice.org.uk/
» http://www.engineering-software.com/ce/

COURSE OUTCOMES

On completion of the course, the students will be able to:

Apply the concepts of liquid retaining structures.
Design material storage structures using various theories.

Apply the concepts of environmental and transportation structures.

Demonstrate the detailing of reinforcement.
Draw the various RCC structures.
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K R'PAGA M (Established Under Section 3 of UGC Act, 1956)
e COIMBATORE-G41 021
A 17BECEG02-DESIGN OF RC STRUCTURES II
Lecture Plan &+
Stalf Name : Ms.P.PREETIHI, M.E, .
Scmester : 6 (2019-20 EVEN)
Course Type : Core
Number of credits  : 4
LTPC 23204
S.No | Lecture | Topies to be covered Support
Duration Materials
(Hour)
B UNIT I YIELD LINE THEORY -
l. 1 Imtroduction-Assumptions T/534
| 2. I Characteristics of yield line T/536
3. 1 Determination of collapse load / plastic moment T/541
4 1 Application of virtual work method T/545
5. 1 square with point load and UDL T/546
6. 1 circular with point load and UDL T/347
7. 1 rectangular with point load and UDL T/552
8. 1 Simply support and Fixed support | T/560
0. 1 Design problems. T/561
UNIT Il BUILDING FRAMES
10. 1 Multi storeyed structures ' T/575
11. 1 framed structures T/576 |
12, 1 Elastic analysis T/578
13. I Suitable substitute frames for gravity loadings ‘ /580 |
14, I Approximate analysis of single and two bay frames up to three | T/590
storeys
15. 1 portal method T/591
16. 1 cantilever method : T/592
17. 1 Approximate analysis of single bay system T/593
18. ] cantilever method 1/398
UNIT III RETAINING WALLS .
19. ] Design of Cantilever retaining wall T/671
20. 1 Design of Cantilever retaining wall T/671
21, ] Design of Caatilever retaining wall Ti671
22 1 Design of Counterfort Retaining walls T/686
23. l Design of Counterfort Retaining walls T/686
24, 1 Design of Counterfort Retaining walls T/686
25. 1 Stability Analysis ' T/691
26. 1 Stability Analysis T/691
~ 27 1 Stability Analysis T/691
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UNIT IV WATER TANKS
— 28. ] IS-code regulations T/712
29. ! Classification T/714
30. 1 Principles of design T/715
3l 1 Design of rectangular and circular water tanks T/716
32. 1 Design of rectangular and circular water tanks , below ground | T/717
level
33. 1 Design of tanks resting on ground T/719
34. 1 Elevated tanks T/721
35. 1 Intze type water tank (Theory only) T/724
36. 1 Intze type water tank (Theory only) T/724
UNIT V SPECIAL ELEMENTS
37. 1 Design of staircases (Straight) T/984
38. 1 Design of staircases (doglegged) T/986
39. 1 Design of flat slabs T/994
40. 1 Design Principles of Mat foundation T/1008
41. 1 Design Principles of Mat foundation T/1008
42. ] Design Principles of Mat foundation T/1008
43. | box culvert T/1024
44, | box culvert - T/1024
45. 1 box culvert T/1024
Revision
46. 1 Revision
47. 1 Previous year End Semester Question paper discussion
TEXT BOOKS:
SI. No Title of Book Author of Book Publisher Year of
Publishing

1. | Limit State Design | Dr.B.C.Punmia, Ashok Kumar | Laxmi 2010

of Reinforced Jain, Arun Kumar Jain Publications

Concrete (As per (P) Ltd

IS 456:2000)
2. | Reinforced Unnikrishna Pillai & Devados | Tata McGraw 2012

Concrete Design Menon Hill Publishing

Co, New Delhi

3. | IS 456-2000 Indian Standard Code of practice for Reinforced Concrete,

SP-16 Design Aids for IS 456-1978.
4. |18 875-1987-Code of Practice for Design Loads
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REFERENCE:

Sl. Title of Book Author of Book Publisher Year of
__]:Jg_ Publishing
) Oxford & IBH
1. | Reinforced Concrete Mallick, S.K,, Publishing Co. 2008
and Gupta, AP |\ 0o i
Tata McGraw-
2. | Reinforced Concrete Design | Sibha.S.N. Hill Publishing 2001
Co, Ltd., New
Delhi
Prentice  Hall,
3. | Reinforced Concrete | Mac Gregor .G | New Jersey 2008
Mechanics and Design
4. ) Nem Chand
Reinforced Concrete limit | Ashok K Jain Bros, Roorkee 2012
state design.
PHI  Learning
5. | Limit State Design of | Varghese, P.C Pvt. Ltd. New 2008
R.C.Structures. Delhi
WEBSITES:
> http://www.icivilengineer.com
> http://www.engineeringcivil.com/
> hitp:// www.aboutcivil.com/
> http://www.engineersdaily.com
> http://www.asce.org/
» . htp://'www.cif.org/
\\\9\'
FACULT 'gHARGE
. 136 m \-/
HOD (Civil) DEAN/FOE
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256 Advanced R.C.C. Design

However there are approximate methods of analysis, commonly used in the design. In the
approximate method, it is assumed that in c3s€ olgircular tanks bottom 1/3rd height ar |m, whichever

_—

is greater, is predominantly under cantilever action where as in case of recianpular tanks bottom [/4

height or | oy, whichever is greater is muiniy under cantilever action. Rest of the wall is resisting

e T S

water pressure by forees developed in horizonlal directions. Approximate method is always ori safer
side and hepce design is unecongmical. However it has the following advantages:

() Itis simple
(i) It gives feel of the structural behaviour.
Hence designer or site engineer can always avoid disasters of misiakes of draftman or those due to
canfusion of sign conventions in the analysis,

We may have lot of sophisticated methods of anulysis o assess the design forces, but it is
necessary for engineers to develop feel of structural behaviour, Hence the approximation methods of
analysis should be learnt by engineering students. In this book designs are carried out after using
approximate methods for the analysis. '

13.4 DESIGN OF CIRCULAR TANKS RESTING ON GROUND T

Circular tanks can have flexible base or rigid base. Fig. 13,1 shows typical circular Buwh_..“._ case of
fl=x .,n joints, the wall is free 8.:5...& outwnrd when internal water pressure is applied and hence, the
Em___:_._Eana_._8_52,..33%.._, s_:v

p——

_— Stesl plating

. _I_.I \.I._om:.. sealing compared q
ﬁl m_mn“:m surlace

of rubber pad

Comer reinforament

Siding b
{a) nan_mmm {b) Silding baso

Fig. 13.1 Typiral cirewlar tanhs

: -(13.1)

where v = Unit weight of water
o
H
D = Diameter of circular tank.

ﬁ:jun reinforcement for hoop forces is to be given in horizomtal directions, In vertical direction anly
nimum steel is 1o be ,ﬂ._u,..m%m_v
In cuse of rizid joint, lower portion is having predominantly cantilever action while upper partion is

mainly in hoop tension Fig. 13.2 gives the approximated load diagram for the two actions, If %’ is the
height BD, then cantilaver moment at base .

]

Height of tank and

L

Water Tanks 257

¥y

.

and moment of resistance is given by

M = kbd® .

; A
A — e |

| T T

Load laken by _

- hoop aclion . Hh
| H
_ et 1

~
i h i h-« r/._f
r 1L ~. o
8 B
i ot —y H ——} w H
_ {2} Load sharing (b) Load for cantilever action
i
Fig. 13.2
| h
_ . =v{H |.._cm (13.2)
\ and maximum hoop tension a1 D = P o
M T= .i.m - _..Lw
. 2 i
“ For circolar tanks "' may be taken as m or | m whichever is more. .
| b mams 2 N ¢ &
! Examples 13.1 and 13.2 illustrate the method of design.
|
i 13.5 DESIGN CONSTANTS
Referring 1o Fig. 13.3, depth of neutral axis is ‘nd" where
) b
ank T 2 niad
nd ¢
1
UI_V
B .
mas 3 .
i Fig. 13.3
i ..r n = e L(13.3)
4 ma . +0,
t Lever arm is 'jd* where
n ’

_ = |-— L(13.4)
m =73 | :
]
|

-

e L

#
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w86 Adbanced fLC.C. Deskn : : o Water Tanks . 261 ”
Base Slab _. : . _Lm 0384 o Yy :
The basc slab will _um_.__n_..:;ﬁS:.__Ss::m_uan_coqnnnn_g;sq?:m_snu_:n#oﬂ_mﬁﬂa:m?a.nn_ = T £ “

to ground dircctly, 4 noninal thickness of 150 inm may be provided with minimum reinforcement i
both direction.

L e
QL i= 30 XJAP= 2 X B3 X072 x 0384 = 1.428

Scanned witﬁ CamScanner

iy 0.3 ;
SoA L minimum = Qx 150 x 1000 = 450 mm’ ) Design for Cantilever Action ﬁ_—,_\
Praviding half the reinforcement near each face | The height ‘A" above base upto which-cantilever action exist is given by !
A, =225 mm? e H ‘ . 4
Using 8 mm bars, . o ; h= 3 or I' m whichever is more
n . _ 1 K 1
MxWM g . n=32 _1am
s=="——x 1000 =223 mm oo : 3 i
225 M _ e ; __ . y
Provide § mm bars at 220 mm cfe on both faces in both directions. antilever moment = w.#. Hxh xw T —
Fig. 13.4 shows the deai's of reinforcement. _ : 2 34 _ I
100 ' i .
(- qu@mxaanxwlﬁm.ﬁmwzla ;
: , f
_ a = Depth of balance section wv o _
27m 1zm 3,446 3 f\—
: . ;zn__ﬁxsn .
@w_mwjyk,.l\aaaﬂ_gaa d= Vixs 1428 % 1000 97.3 mm J
I : VR Aap TIRY
— : ) To keep the section sufficiently inder reinforced. | S° (v ) Mo Jdph 8P
1.8m 2 o0a 1| Jonillsezling compound i ﬁt Crlmpy - .
4 S ren 48 ™ @ 200 cle on both faces 4 f
Sl s wew i IS Let aumédn;ﬁaa 10l
Fig. 13.4 . Let us keep & = 130 tmm and total thickness 165 mm. (Note: Minimum nv_nxnnmm of 150 mm is iy
. ' . normally kept to avoid leakage problems), ) oo
xample 3.3.2: Design the water tank for the data given in example 13.1 assuning that the joint :
between wail and buse slab is rigid. Approximate method may be ised for the analysis. . 13446 x 10° = 790.8 mm?
Solution: 1S0%0872x130 ~
Dimensions of the tank: Biameter D =4 m Using 10 mm bars,
Total height H=42m : % % . . T .
Mix used: M23. Sicel 1o be used Fe-4$§ : Mx 10? 3
’ s=1——x Ecc 99.32 s
_ Oy = $.3N/m? and o, = 150 N/mm? [ 7908
. Modular ratio * g ..m@ol =11 __ Provide 10 mm bars at 95 mm c.c. near inner face, keeping clear cover of 30 mm,
. Ix85 _ _. Hence let us provide 10 mm bars at 95 mm ¢.c. al base and cur zrnate bars at a height of 1.4 m,
Design constants are , so that-2 spacing of 190 mm is available in top 2.8 m height. . TTTL
mG .4 11x8.35

= - =03
TL\; MOy +0,  LIxBS5S+150 8
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84_Advanced R.C.C. Design _

This is resisted by closed frame

action. The frame being symmetric,
moment at A are

analysis is simple. The fixed

mu 2 ru
M, —and L —_ . (13,1
" 12 (13.10)
Using moment distribution the moments may be balunced, o
Since long wa) supports short wal

1 and shart v
the walls. A1 D, horizontal forces developed ar

vall supports Jong wall, horizontal tension develops
&

B
Ty = p(H - my= «{13.8(a)}
at R iz;sw 1380
The effect of horizontai tensile

forees is o reduce the nel

ent from the cenire
=M- Ty

ces lowards top above *h’. Hence spacin,

forcement requirement should pot

may be noted that, near corners bending tension is gn in

moment in walls to an extend

distance of Iensile reinforcem aof wall, Thys final horizontal design

Tx, where
moment is

- -.{13.8)

g may be increased towardg the
be violated.

‘he bending momen) redy
to;  However minjmum rein
ner face and near centre j; is on outer

sid :

: £} Design of tanks with L/B =

2: In such cases,
Thi kness of wailg may be

long wails behave Jike cantilevers of height H.
decided on the basis of ¢

antilever moments in long -wall. The horizontal

stec

required in the long wall is to resisq direct Iension T, = iz..&..mmf Designer will find this
rement js automatically satisfied by providing minimum reinforcement of (.3 per cent. .

"wer portion of short wall of height k' s ra isting the load by cantilever action and top H - 4
the load by horizontal frame action, a5

discussed in case (). Hence cantilever moment in short

wall is y(H - sfal..

D

YH-mE2 - _

:to horizontal frame dction, bending moment may be taken equal 1p hmw_ul%wml . both at ends

on inner face and ar centre it is on outer (ace, dacmr._c:m walls are

ad by cantilever action, end | m may be considered ag Supporied by
‘.M)__.w =7 {H- bu x]

The will reduce the design moment by T

nd ¢ otre. At ends, tension |s

rede tinantly resisting the lo,
hon sallg

. 8X. where x is the distance of reinforcement from centre
‘Secton. The reinforcement is caiculated for bending and direct 1ension separately and total seee] is
ovid 1 in horizontal direction,

The

lesign procedure is illustrated with two examples below:

e

’

Water Tanks 265

y _ ..r o ting on irm
: N:_ﬂ_m .u..m m.. b.ﬁu._..w.: [4] amﬁhb__-ht_mnh witér tank .H. I L ] bﬂuw /] m.h».u 5Ll __M. ....\
mH At ; h af Sz M X ﬁ i & T
hﬁﬁ.ﬂﬁh.. th ?_N.m concrele Q:R wﬂn_.ﬁ. .:mﬁw.

Salution: _. |
Size of tank =5m x4 mx3m, deep _
. 1 ¥ .
Grade of concrete M25
s Ope = 8.5 Nim’
i 280
= & m=—=11
- 3IxX8S
g, = 115 Nfmm?
- Design constants are
_ MmOy, _ :x_w..m = 0.448
N oL +0, 1Ix85+115
_ Jo1-2ay 2288 _pss
3 3 .

1, . 448 = 1.619
) == %8.5%0.850%0.
»lma..?...z 2

In this problem,

W = w =123<2 . "
; i i i = | m and by
H both long and short wall resist the load by cantilever action for height & m
ence

HHG:ﬂ.G:-N_. action resist ‘T.ﬂ __O.m.& in ﬂ__ﬂ __.Q_u == Ja - = § v to
= 7 waler nm:Wm moment m..hﬂ
i m.— _—n -.w — N m. Hu.. suc J
u..OH 1zontal action 1s ﬂO—-m_Qﬁ_mu 4 m:&. i Wocﬂnﬂm uﬂ.ﬂ s5€ HGH.HDH.__ Q n__.—r.—ﬁ-uﬂw.ﬂ Q f{m._.: . :
| i i i _ i _ f f s ence w.—n._-H FNOH-ﬂm_
- i
u.qﬁ___-.._ﬁ m.O—_OH_. 15 =_.mﬂ ﬁOﬂ_wuﬁ—ﬂHﬂﬁ_.

Horizontal Frame Action

_ onis at .m. & h=— orimw .—ﬂ EVEr 1S Mare. M.mﬁu.—nﬁ mmw —._p_.m
sy . ] H 3 _.—
_._ﬂ ﬂ—n___.—n._ﬁ secuon _._ HW.—._—

case i=1m

2
Py=YH- k) =98(3-1)=196 kN/m

~. Fixed end moments are

ml? _196x5?
12 12

It

=40,833 kN-m, in long wall

: piB 196 x4’
and 7 T T2

intai istribution
Since thickness of short and fong walls are maintained same, distrib
factors at joints are as shown below:

= 26.133 kN-m, in short walls

"

[
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Advanced RC.C. Pesign

i uvide 20 mm pars at 130 mm cfe.

.ending m

“Jtis guite smail.

B

o yment at A distance 7

. weall reinforcement consist

i m._ao__nmami in Verti

Cantilever moment

Minimum reinfar

- 3
Provide 304 mm” area one

Using 10 mm bars,

Provide 1) mm bars at

Note: [nside bars shoul
f concrete dug 1o 1es

To avoid bursting ©

ament ul centre of wall

=y(H- h)

e
=083 -x 7~ 34
m reinforcement. Bend aiternate bars P

—=1m fromca

I is aken care by minimy

ch end and continue

_..ww
|m.. — Moment at ends

cal Direction

ol 20 35‘.@5 at 260 mm cfc.

133 = 4,867 kN-m

remaining half throughout,

=304 mm’

u.«:,.l_u.ua.mx.u_xm.ua.oxz-a
. 6 6
A= M 49%10°
T gy, jd 115 % 0.850 % 165
cement = 3 % 200 % 1000 = 600 E..dm

100
uch face so that redqu

x0?

4

=

Wrang
(a)

304

o

%1000 = 258 mm

d not qn bent as sl

[ S

250 nun cfc on both faces.
awn in Fig. 13.7 (a).
ultant forcg they should be bent 2s sho

Fig. 187

carracl
1]

covided for end

Hence al centre

ired distribution steel is also available.

wi in ﬁwm._u.ﬂs

— .

o i A e Tihrt ARy S S

Walter Tunks . 269"

Base Slab

NET

AL

Provide nominal b
ase slab of thickn
. ess 150 mm wi
and bottom of slab. A | m with § mm bars ai
. Aleanc ; ai 220 mmeici irecti
oncrete bed of 100 mm may be provided on “h.n_:.__u.ccn._ flioplomy: e
; tich batiom skab can res
SHID CANFCSEL

Detuils of reinforcement are mmos.: in Fig. 13.8

20
28!

o

Inside bar
to be senl
lick this

20 0 @ 260

|~ 10 ¢ @ 250
| — 20 wm @ 260 i

h20e _.
1301515 .
Y bw. mm @ 220 onbalh sids # 20

: il
Saction elevalion 150 om

20 ¢ @ 260 20425

204@ 13020 4 @250 T~ hi*00mm
H| M200@ 130 .
14— 204 @ 260 )
@ [F>10 4 @ 250°

Solution:

Inner Bar lo be

Sacli
ion Plan benl line this

Fig. 13.8

“u wFr. thw_a a ﬁ ecian ﬁ . it ._
mnm_: ~.W H..w b. U n apen I BL ar uD-ﬂMn Q.W.:Nﬂ ..uv in xm m X |w m &nﬁ uhhﬁ?.ﬂ% on ajurm
Whﬂtnﬂﬁ‘ Chm “Sm.m N__ﬁn&_ concrete D:.u.._ NA\MM Eel. -Aﬁ_ﬁ cxunare 1o Y nb.-.-l Y.

(¢ nh T ate me .:. ﬁ ma _TN 147 or ?_.—n analysis.

Size of the tank 3 m X 8 m X 3 m deep

Grade of concrete: M25, Grade of steel Fe-415

. " 0= 8.5 N/mm®and o, = 150 N/mm? R
Modular ratio _ m= 280
“__xm.m.u.:
ne MO _ 11x8.5 i
MO gy + Ty :xm._uimono.uf
o, 0384 - _
jzl-==l-——= g
37Ty ={.872 el s
p=lo. pi=l o
3 &..aL_Iwa.mxo.umn.xo.mqm =1.423

-
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272 Advanced R.C.C. Design

In the middle partion, o '
* B’ uu .
Zl,_.:)_iiqlin..:y — =735 kNm
mg
% u: o
: 135k - = 3033 mm?
150 % 0872 % 185
' Note : [t is — ol A, required at end
Hence provide 12 mm bars at 300 ¢/c. z
Base Slab ) . -
Provide nominal base slab. Reinforcement details are shown in Fig, 13.9,
. ke
1\\04 & 150 cje
L.va 5166 @ 110k “Be @ 150clc
tl M
B¢l 150
124 ;
mn_m@- im
m N Bm d w
14 _— e ]
I
'
Seclional plan at bare =
: 129@ ._Hm
12g @300y 300 ) 20 m
: ] 161@
e@ 1ol o @190 =00
150 15 m 5 & 220 bolh 1B0@ T
L] 20
. | S | K Girecion g 09m £ee@20
. (pEaa ¥ N = N
Saclivn through shert Sacion {hrough long wall
(Sactlon y-y) wall __mnﬂﬂ“ u__.u.un

Fig. 13.9

13.7 UNDERGROUND TANKS

In water supply system 1o towns underground water tanks are used to store water received from
mains, The ranks mav be circular or rectangular. For larger capacities circular tanks are preferabile,
since for the same capacity they consume less material. As the cost of shutering for circular tanks
per unitarca is large. rectangular tank work out cheaper for small sapacities. Under ground tanks are

to be designed Lo sustain the following two cases:

Case (i) Tank ful)'and fo ‘earthiill,

Case (it} Tank empty and active earth pressure acting from outsidc.

e ———

-

L R

P — i

Design for case {1} is same as exaplained for tanks _nm::m un 29:& In nzvnh i), external pressure
depends upon the type of back fiil.

{a) Active enrth pressure duc to dry seil or wet cohesionless sail
- T

..L.

B

— Ky.H
. e [KYH] %M |
{a) Dry or back fit (b} Submerged saturated sand fill
of eohesionless soll
Fig, 13.1¢

The active carth pressure acting on wall varies linearly (Ref. Fig, 13.10) and its maximum value is

g =Ky H .(13.13)
where, K -— Rankines _.no_nwmnwnun of earth pressure
. ¥, — Unit Enmm__: of soil .

H — Total depth of tank.

Rankines coefficient of earth pressure is given by
. _ l-sing

{ P+sing . :
where, ¢ is angle of repose. ; . L

(&) If back fill is saturated sandy soil

it consist of active earth pressure due to sawrated backfill (y’,) and due to water pressure from
ouiside. This sitvation for water table vpto top of sank is also shown in Fig. 13.10, In this case
maximum pressure from owtside is

= Ky" H+7y,H (13.17)
where ¥’y — Unil weight of saturated sandy soil
and Y, — 9.8 kN/m? is unit weight of water. *

Designer has 1 adjust the reinforcements judiciously 10 take care of both cha_am cases discussed
above. Apart from designing the walls bottom slab also needs the design. It is designed_for uplift
_pressure fram sampated-sed! below, The tank should not get lifted due to this uplift pressure. Hence
bottom slab is projected beyond the walls so that weight of soil on this projected portion helps in
adding downward load to resist upward water pr

/

Underground tanks need ropfslebte keep water clean. Hence the designer must design the roof
slab, which is similar to design of slabs in buildings.

The example below illustrate the design procedure for a rectangular tank. On the same lines design
of circular tanks also may be eaken up noting that circular sections are subjected to haap forces in

horizantal plane where as rectangular seciions are subjected to continuous frame action,

£
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h
i
.
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t
h
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276 Advanced R.C:C. Design .

T = 9.8 KNAn'
N u_*.x 6.2 2+ Y8x 3 = 356 kN/m®
i _ L. 3
?_u:xwm.oxzyln.u.x. _xuxmumu_h;z.a _ )

S34x 1
14233 1000
=195 mmi and D = 195 + 35 = 230 mm

=193 min

Provide 4

M 534%10° .
_— . A,z — =2 -
i == S0%0sTax19s - mm? L

‘Using 20%m bars, spacing required is

Ty ap?
ik
2004

Provide 20 mm bars at 150°'mm ¢fc near outer face of the wall.

X 1007 = 150 mm

Aliernate bars may be curtailed wherz bending moment is half that at base ie., at a n_nw:d
)
rA w b= _m 12238 m
i.e, ot aheight 3 - 2,32 = 0.62 m from base,
The above valuz is theoretical value. As per code requirement add 12 ¥ diameter of bars (o above

value, Hanee the bars are (o be curtailed a1 a rn_m:_ 620 + 12 x 20 = 860 mm from base. Hence
curtanl altemate bars at 0.9 m from base. :

(&) When tank is full and no carth pressure

- Henee cantilever momentfM = M WAx3Ix Nu.ﬁ 1 kN-m
. = t.
HIx 168

Ays ——— =172 ¢

T SOx08T2x 195 - 12 M
Using 16 min burs,

._M.x 16
5= x| | 3
779 000 = 116 mm

?.._a_u 16 mm bars at |10 mm c/c on inner face in vertical direction.

Horizontal Bars

Since tong wall is predominantly ac ing as a canilever, distribution slee) 13 E.S_a& and checked for
axial tension whir: tank i s full without carth pressure from outside.

& In Long Walls

g .

4 e

T T

i

= saurs

8 R, e

1
H
3
H
£
13
H
]
b

Y R E———, R R A e A

Water Tanks 277°
Since thickness of wall is more than 225 mn, minimum pereentage of steel to be provided is e
230 - 100
= 01 = 0263
03- 450~ 100
: . Ay= 0263 x 230 % 1000 = o?_ mm? -
T 100

Steel required on each face =302 mm® .
Using 8 tn bars, spacing required _ . .

T xs?
=4 - % 1000 = 166 mm
302
Provide 8 mm bars at 160 mm c/c. They hold the vertical steel provided for cantilever action due to
the two loading cases considered.

Scanned with CémScanner

Check for Direct Tenslon L M

29.4 kN !

3
G8(3-Nx—-=

B
= (H-h)—
‘—p_l ﬂ__«ﬁ. ._u 7
= Area of steel required
204 X 1000
150-,
of this tensile forcer

196 ti® < 604 mm?

& U.ﬂ:w:so: steel takes care

Design of Short Wall . L
Design of lower portlon for canfilever action 2&:8_ reinforcement)

h= ._.M. or | m whichever is more _ *

=1m,in this problem
When tank is empty and outside sandy soil is sawrated,

pp=1356 wz;..m

zuwém.?_xwuu.&uwz.a .

6

M 59331x10 =232 mm?
a, jid _maxcmqu_mu .= )
Direct compression due to load on 1 m wide long wall

p=356(3-1)%1=7L2kN

Concrete alone can resisi it .
When the tank Is full and no earth [ill:

py=9.8 %3 = 19.4 kN/m?
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280 Advanced R.C.C. Design

Sclll weight of slab dircetly get transferred to soil, Hence upward pressure to be considered for
bending moment calculation is

=3.36-02%1 %1 x25=2636 kN/m?
Weight of soil on projected portion,

= 16 x 3 = 48 kN/n*
Reaction on wall= .UH_E_ x3 qum_m %3 = 534 kN acting at M+ 02=12m
~ Cantilever moment at the face of the wall

u .. n
06 +534 % rm.iE
2 2

= 2636 %

= 60.18 kN-m

Moment at Centre of Slah
Load transferred by wall per meter length of base slab o
weight of Im long wall + w weight of roof slab per meter length

i B ﬁ-...nr | L e

023x]1x3x25+ 3 X(3.0+2%023) x0.2x25=259kN

n

- Momeni at centre ofSTab

- 346412 .
. u.i%&hxﬁlﬂmxoaxﬁm%+WW|mm.oﬁ_.n+mw|w
. - - : /

= 23.2 kN-m, producing tension at bortom.

Moment at centre of slab is critical when tank is full and there is no outside pressure. In this case
weight of water directly gets transferred to soil without carrying flexure. Watec pressure acting at

Mn im from the hase is ) )

mea.mxsxw"ﬁ.;z o

- Moment at centre of slab (see Fig. 12,12 5)

=2636%

O38412) 441x12- a3 x06x 236+ 08
z 2

- 50.23 kN-m

50.23 kN, carrying lension at top

Thickness of slab required for balance section

[60.18x 10°
- = [ =205
1423 % 1000 i

-4 i

N e oh ]

T LT P

et AT e e

L e R T e e

Provide d = 213 mm and D = 250 mm

608 x 10" 2
A= =2139 mm*
: A S0 %0872 x 215 o
Using 16 mm bars,
. Mx:mw
=4 ____ %1000 = 94 mm
2139

Provide 16 mm bars at 90 mm c/c near bottom face for the cantilever moment.
In the middle portion, reinforcement required at top is
Ay BN e
150x0.872 % 215
Continue cantilever reinforcement throughout i.e., 16 mm bars at 90 mm cfc.
Al botiom

- 252% 10¢ 1l
A, = =896 mm-
" 1s0x0872%215 o
Using 26 mm bars, spacing required is
ud x12° /
s=3— %1000 = 126 mm
896
Provide 12 mm bars at 120 mm cfc.
Distribution Steel
% of steel =03-29=25 _ 099
450-100
: A= 222 4250 x 1000 = 571 mun?
100
A, on each face = ﬁ =286 mm® .
Using 8 mm bars
Tyg?
....u.mm.wolx_occ =175 mm

Provide 8 mm bars at 170 mm e/c-in tongitudinal direction near both faces. -
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284 Advanced R.C.C. Design _

Fig. 13.14

D = Diameter of Dome .
'R = Radius of curvature dome .

h = Rise of dome, m_;.. D. . . ;

v

t £ Thickness of dome usually minimum of 75 mm and maximum of 100 mmy! The load on the
dome is s eight plus live Joad. Self weight may be found by assuming-thiekfiess of 75 mm. Live
load may be assumed about 1.5 kN/m? » Fintshing load may be added 1o get total load acting per unit
ares of surface. If "' is load on the surface per unit area, membrane theory of shells give the

following expression: - miap .
5 e . m _ WR v P°
" Meridional thrust I'y = ————, per unit length _
; ' P4 coss 0 .
] . . 1 ;
Circumferential force T, = wR{ cosp - , per unit length
T+cosQ )

Maximum values of above forces occur when § = 8, L.e., at junction with top ring beam,

The reinforcement is annan in meridional and circumferential directions.

The dome rests on 10p ::m beam, q.ou ring beam is subjected to load mnaa.. meridional thrust T).
—
Hence hoop teusion in top _.Em beam is given

.

cos@ D
2

Tensile stress in concrete should not exceed the values given in Table 13.1 for direct tension, Based
on this, size of ring beam may be determined.

T

Cylindrical wall may be designed for cantilever action in lower potion and hoop action in upper
potion. Because of continuity with slab, the lower edge cannot be treaded as fixed. Along with the siab
cylindrical wall also rotates. This results into decrease in cantilever moment and increase in the %Es
of tank in hoop action. The exacl analysis involves cylindrical shell analysis of wall and plate analysis
of shab to find the rotations and ensure same values o get continuity. As indicated earlier one can think
of finite element analysis of the tank. In approximate method one can design lower potion h
(H/3 or | m, whichever is more) for cantilever action and consider entire depth H for hoop action.

=

e 2L Y

. T

I

__.
%
E
k
i
g

T TR

LMD R e WTE TR BT

o . o £ % PN T A P

Hence maximum tension in wall

D
.t._ &nd SE__S,Q moment is H.1.:_ .m

2 . 2.
Reinforcement is to be provided for the above forces on appropriate side. Provide minimum
reinforcement on the other side. To ensure the continuity in actual structure bars on inner face of tunk
should be locped at comer and anchorage length is ensured.

Design of base slab depends on haw it is supported. Fig. 13.15 shows different methods of
supporting base slab.

-Supporiod on wall
. b -
A_A h
N ]
" -
§ g
g g
] ' m
D e
Firg baam
1A|a.....u_u.|r._|oo_s.3
(b} Section
{a) Plan E
s ]
L
0.450—> 0.45D

(d) Plan

{c] Plan

[e) Plan

Fig. 13.15
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_lar a2
gn'll._m‘Ab_ Iﬁu
iga® g’ . N d '
My= -
nd "= T8 16
For case Iz u
Forr<h
o W a by
M, =M= —[2log—+1- _Iu
r 8 gl g b a
Forr>b
W by 1
M,=— 2log 2| =] + wu ;
Bn r \a ¥
I N ; ) 2
_ a b
and : _S__um mSliﬁWw +2- Iu
: 8n r r o \a _
Note that in thiscase. M, =0 at r=a.

(c) Slab supported on four beams as shown in Fig. 13.15 (©)
(i} The slab between the beams. has size

L= 2asind’®= V2 a

The square slab of size J2 ax 2 ais designed as a two way slab with comers held
down. Sufficient reinforcement is provided in the beams to take up negative moment.

(i) If W is the total load of water and self weight of slab, each beam carries a load of @w The

; : S 4 !
load is triangular in shape with maximum ordinate at mid span of beam. Hence maximum
mument in the beam is m xw = w The beam is n_nmwwmnm as a T-beam.

(ii)) The tank wall neceds additional reinforcement so as lo act s a beam to support own
weight, This is achicved by arbitrarily providing additional horizontal (hoop) reinforcement
at top and bottom of tank wall, . - R
(d) Slab supported by two crossed beams (Fig. 13.15 d): In this case slab may be designed as a
two way reinforced slab of span equal to 0.45 times the diameter. _
The beam is designed to carry half the total Joad. The span of the beam is equal 1o diameter of
the siab and it acts as &' T-beam,

The tank wall acts as a curved beam m:n.rnnmn needs additional steel at top and bottom of tank.

(¢) Slab supported on a number of beams, (Fig. 13.15 ¢): If the base slab diameteris 12to 15 m
slab needs support from several beams. Common arrangement of beams is.shown in Fig.
(13.15. ). Bach panel of slab between the beams is designed as continuous slab. The beams are
designed as continuous beams subjected to triangular loading. The tank wall is provided with
additional steel to act as a beam. _ ' -

e

s

T pe

e g P L TR

e L

TS A R

e e e e LR T T

Example 13.6: Design a flat bottom circular elevated waier tank of diameter 10 m and total height™ * ~

4 m which is to be supported by ring beam of 7.5 ni diameter. The ring beam is to be supported by six
columns equally placed. Use M25 concrete and Fe-415 steel. Design the following components of
warer tank co

{a) Top dome

{b) Top ring beam

(c) Cylindrical wall

(d) Bottomstab LT AT e e s
"(e) Bottom ring beam. = - . _

Solution:

Diameter of tank = 10 m

H=4m,
Diameter of bottom ring beam = 7.5 m

Concrete Mix: M 25 Steel:-Fe-415

- Radiusa=5m

TR e

s Radius b= w.wm m

Design of Top Dome . . 8 o
Referring to Fig. 13.14,

D=10m Emmuxu.._mb. say h =15 m.
R = radius of dome
2
Then (2R - hjh = w
(2R - 1.5) 1.5 = 52 -
5 +152 AT
R= =0, . S
e =008 m !
) . . 4fR-h /908315
< Semi central angle 6 = cos Allu =cos™ = °
" URJ Som - &
Assuming thickness of dome 75 mm, R
Self weight of dome =0075 x 1 x 1 % 25 = 1.875 kN/m> . A
Live load = 1.5 KN/m? o
Finishing load = 0.5 KN/ _
Total w=3875 kN/m? .- e .. e

~ Max, meridional thrustT, = WR__ 3525%3.063

1+cos8  |+cos33d

= 19.18 kN/m.

Mazximum circumferential force

._._
1 +.cosB

T, = wR| cosb -

pate 0 so . Water Tanks . 239 °
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4R f " i Water Tanks m.mu .
292 bncn:nmn R.C.C. ..umma: .

Fig-13.17 shows free body diagram of base slab in- which total loads are indicated., :
. K:.___._.__:B m:"n_ on éach face = 300 mm?

e 3
Now the slab may be treated as freely 225:& _uw walls and subjected 1o

—— g— p— '_,-.\_..-_.__...,__._. m———— ——

. \ L v e ; '
i " 3763 ,
Using 10 mm bars ;=4 - % 1000 = m.m_ mm. (i) Uniformly distribuled %i:sma _oma ofg= - = 46.05 kN/m*, hw
- 300 2 X102’ :
_ u 0 r _umnn Q:B__ m:ngmﬁ bars.
Hence provide 10 mm bars at 130 mm c/c in the lower 1.3 m on _E_n (i) Upwad ring load of W = AN, ..
On outer face provide 10 mm bars at 260 mm cfe. For case (7) loading ) ; S ;
of Base Slab _ L o
Desier M,=22(2 ) sy - 300 _ar :
. D I 1 16 16
Total load from dome =T)sinfx 2 — . I 102 :
By “ = St e wherea=-—=51m
=19.18 sin 33.4 x 21 x 5 = 331.7kN | 2
Weight of ring _...nma_ =025 X030 x 2n x5 x 25 = 58.90 kN o | . . Moments at critical points are as listed below: et
Weight of wall ° =020 x (4 -03) X 2% %52 %25 = 604.4 kN ~ : | mn.awz o 0 . 1.875 375 5.1
. " 2 ! . . s - .
Total weight ) = owm kN ] . .. _ y _.a m 24.6 194.2 1032 0
IR L ) - - M, in kN-m 2246 2145 . 1841 149.7
Weight of water . = .Ea WWJlumxaxaxlmSu.m kN . In Case II, T C .
. 0T : Forr<3.75
On cdge of slab : . B
Self-weight of slab: }muz_.:_aw slab thickness’ B _ _S Zml wl, _om a, _...kuu
D t . ; 4 a
T||cmw5_m£.uoou§h . ! b
3 ) Forrv3ms N . L
Self-weight of slab =03 %1 %1 x25 =75 kN/m? . ) ) ._.w. u Ve : |
. Total seif-weight (Note, total slab diameter= 10+ 2 X 0.2 = 10.4 m) - T . = m m_.um !tﬁWw . Wu . -
% . ’ T a F "o
= 715% 2104 = 37,1 KN, | . i . M H |
m My = chmiﬁy +~.,m$ . _m
inishing load 06X Zx10* =471 kKN. ‘ _ 8 - \r a m
Finist oa =06%x— =47, . ;
g 4 . : ’ Noting that g = 5.1 m and b = 3.75, o
< Total downward load =995 + 3078.8 + 637.1 + 47.1 Moment at critical points are as listed below: i
= 4758 kN '

(Note: W upward. Hence may be taken as -ve}
.~ Total upward force from ring beam = 4758 kN.

LT TN

| rinm 0 1.875 375 s | _
Y - i MinkNm 2014 - -2014 -2014 0 0 . s
035 kN \I o . . ) MyinkN-m 2014 -201.4 ~=201.4 -99.23
. < Net moment in the slab is as given below: ; L
rinm ) 0 1.875 - 3.75 5.1
M, inkNem 4232 M2 e 882 g
MyinkN-m 232 131 7 I3 50.47
4758 kN "
Fig. 13.17 Lead on Bank stad
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Water Tanks” 397

! Pl

o

586 Adranced R.C.C. Design

Check for torsion af o = 12.75° = 0.2225 iadians

- Irs digtance from suppornt = 175 % (02225 = 0845 m

Tarsionil mument T = 27.6 kMN-m .

: T,=15%276kN-m. . . ! a .

- 5 t :
0.835% ”
Bending inotent =12726-208 x 2 = 200 kN-m. | %a
, M, = 300 kN-im, 12 }
" Top Ring Beam | [#=~12 mm 2 300
) . |+ 6UO =12 mm @ 260
. M, =300+ 1.5 X276 X m__mw = 366.1 kN-m. ] {1200 mim Trie
i v ' ! j\Tn me i} 260 :
- I- : 1.3m '
AL suppait M, = 1.5 % 272.6 = 408.9 kN-m. 1 | 2mm@ 175
: ; ot 12m 25 17 3
Hence the reinforcemeat provided al support may be continued to take care of this section also. 2mm @ 17655 __ .._\ mm @ 175 Ny h

" Shear reinlorcement: _a
. m ¥ ¢ m squara mesh

i, P T A AL SRS IR WAL S T A S e . e
.
5
>

v = 408 kN gez0 242 o 201hm bars
J...____u... 609 kN ' tt m.#x .#
9 1000 : _ 12 mm @ S5 50 00 600 12 mm @ 160 _
) 1= 609 < ibGC 3.16 Nimm’ _y
g : 350% 556 -
_ u : 2 140 Nawz T 00 iz
. . . . = 3.1 N/mm mn_n__..u_.__ of ring beam Section of ring oawm
- increase the section. Let b = 400 mm, - T e e mespan
R 2275 ) Fig. 1013 Delails of seinjorcemant
. e Wmn._m w _m_m - 1308 Nfmun? 13.11 INTZ TANK
400 550 For larger capacity of i lan! : i
s’ E B m w _M_ y of over head taais, flat bottom circular 1anks bacome uneconomical, since
=0 - ickness of slab required inerease considerably. In such cases Inrz mnks are more economical. A

V.=V, - 7, b = 609 x 1000 - 0.70 % 400 x 550 = 455000 N

' uE

: Lypical intz tank is shown in Fig. 13,19,
Using 2 legge:) 12 mm stirrop ; . m "S5 Sitmitt e
087 x41Sx2x X122 %550 ! .
o S At 4 =087 mm. :
- v 455000 :
!

_U.E.__En 17 mm 2 legged stirups al 95 mm c/c near support. Shear reduces by W =208 wz per
“metre length, Hence increage the spacing 10 160 mm after 1 m i.e., provide 2 legged 12 mm sOreups
ot 160 mm ¢/c in the middle half potion.

S — e T A A L T

. Side [sco reinforcement = %V ___oom.ua =1229.8 mm*. ' Canical Dome
" Frovide one bar of Io mm at mid-depth on both faces. Reinforcement details are shown in .
; g 13I8, . T i

.m.mm., 13.19  Typical infe tank
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LECTURE NOTES PAPER_

-

> SGtaPreases

= Flat «<labs

= ;)worz cf/’o/&r of d&f‘%ﬂ oF mat Founclatitn, box cubeedt
and rmd Mdﬂem '. o |

Unir-3 Serecren Tepies

e —

SCTAIRCACES !

qui’reases are generally pwvidacl connecb"naz Successhe |
flooxs e o bui’c{.f'rﬁ X in smatl wwnﬁd They e He only =
Teans of access febween the floors. .
The stabhmse conbov?.sas o flight of stabreos 82/167'63”3
Whth one or more ftermeslfate dondlings  paovRled  betweon
the floor levels. - - . - o
The shuctural .comfme;ﬁ's of a ff:%hi- of atadrs
Comfsﬂfs?é‘a af the jeoflowﬁ*ig element¢ _
1. Txead: The hoyizpntal me’:i’maf a. S'Lef:: where the foot
vests fe eferred, as +read - The tread Eru.su,ai%r '
. 350 1o I0mm wide dp,f;endfng upon the -E?ffe aj‘i
buSlding A
d. Riger:  Ricor, & He Veitl"caﬂ olpslbangs -oa‘_—'f:f‘t- aée:f- adfecent
traod (o) verdieal. prefection of the S"l:ep;geneml%; fo
| %efwgeqmmdefmﬁ%g upon e fype
il of building. - AN
P e Q@g: Gtoi"ng o Hhe .-Mﬁz{ntd ijecﬁon (pbn) Q‘laﬂ?ﬂd?@y
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LECTURE NOTES PAPER
%’3%{- of eleps between goat % Jast sfser. A fiight A
compris of fuwo Jandgnge Xk one gofag wih 10 to % Skeps-
4. Width of slafrs vades f the "ange of |40 LEm with a

Minfum Value o gsDmm or not oy thon &5DmMM.

publfe bullolings <houbl he provided wfbh Jouge widihs to

factlitate frg, Fomc?g ef userd ond mem‘ owrcrowding,

Jypes_of stafreases:

4. M&Hﬁd stabicoses: 1L & e mosk common kyre ¥

Stafrease used fn oll types of Wnﬁ&ﬁ comphiacs 8f 400

adfocent filghts mnntng parallsl with a danding dab ot

mfd,hu’g%. Whue Space i-of a premium, It 73 g@ﬂﬂ-!%{

G‘diftti MAuU:fng & oconomical ubfltsatrm ef avaflable gme .

&. open-uwelt <abeose: Tt b gwaUg oxjgf){ad. f publec bu,f!dﬂ?s
wlhm &‘3“-9‘3 Spaces are amflabte_.'r&&'tgpeeg Safiawe Cokidlo
of Smallw LIRD and puovides beltia accyoibs by, Ompost 2
Vendilativn -due o ormwal od -the cenbie. | |

5. Treacl- Ricon clatone Te B veyy - populas due b b osoltc
AppeordneL kmmfﬂdrggdﬂ the Wzﬁdntkvwfimizg%ﬁm
o fm of o prbd pi -

1 Toolahd conbitever ckaBeaser Tk Bompdses only the honzontal
s el o . i ¢ el B 215

ab o ,f,"x'ai end ofith ope T8eAS . |

5 ool stafieme: T congaled Socationt, whiie $aw. avallabl

-\ otghed do e ey add T omphee

Scan néd .by 'Car:ri Scanner
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LECTURE NOTES PAPER
/&n&qi post with precost lob tread onchorwl hﬁzm@
Olumn. Tt & not usoplendly due to e veduced tread by
near the Fod ard. % Suf-l:able oan for cgmglg Pe?:son o ue
the <lafiease at-a Hme. | .
6. Helecofdlal &bucm&"ﬂ: g, ‘(F"‘*‘ﬂﬂﬁ ueed % the eritiance oy
& cinema Htec:d:'reg Jv ‘d“"PP'Ug malls o connch: Mo 3""""’&
x et fhoowe
Y. Qunder tuun aficane - T B used 5 domeslfe hounes ebee
Sloor . ’M%Buh» o fenited 4 3m.
8- &?ngle it Sadcor: Tt % u,ge;:[ % celbw whW'H‘ﬂ X
he?aht be&oean ploox 1 Imall .

N —
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-~

,P?
|

-

|

£

N

ﬂba -‘leageo[‘ Stafoe .

Fead-Rece stadane -

/
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LECTURE NOTES PAPER

/Lastds on W?’c_g&e: \

The lf’@%omu..f ‘?ﬁé’d‘ ﬁj-f Lm.a"f Lo Se 001’192/3?’66{ )?z
The C?/&S’/??'L & Halrease ane

(@) Dead toad cohfeh trelide #, Sely “‘E{oﬁﬁz& of Sbairacse
Waist <hb ,tread and sser Hnolud g Sely cob of ponkshas .
by Live Load are _cia:w:afe:req’ as, pecipied of I 875198 7[pautl)
ResSlenitfal 5&/4}7; — 24p 8 kN
Puble buillings & wphs
Thickeess of  coniot ghab - j—;_ For "3’?’?’ Suppoitod

‘—-_.L_. cpn{-f’nu,ouc.(‘.
25 7“-'br

Tead oad of slab on horvPzontal pan ,w= Lo JRFT*
7_ .
problem :

Z. D@fﬁ’/n a fﬁ}:&f of SlafrS gor a sehosl Aufzal,%i Frrving
between J’and:"ry bearn v Q¥ the jfofdoaw%z;? obta
No.of ofeps = 2

Tread = Spo

Recer = Jpo mm

Nfeltn of M? beor = 400 avo

Mas jmﬂ_@ ¢ fedl5 Steed .

- soven, J
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LECTURE NOTES PAPER
( N
Géven doda ‘
Loln - |
é’fegz z: Ef{ec&?»e ?ba.ru:
""Cyﬁ dietance btwon /anoff’y b |

. 2 = (}2)((3{90 -+ 0 = 4p00 rmm

T

S0 |
L f , 1]
F — 4000 mr eij]ﬁl’)q
Thickneos o cunlet chb = Jﬁft:ﬂ:mm.

20 20
Dra?ﬂtﬂmm,

Coved = 20 mm 9= 2oo-20 = 180 .
J‘l‘fﬂéa‘?-’ dload aleuwlation:
Dead load o ab. e = 0.9 x1x25 - 5= knjfm .

Decd Locol &f ok on forieontol gpan, t= e [ 27T
7
= 5160+ 300"
B

=567 kn/m

\ J

-
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LECTURE NOTES PAPER

Jead Lead &f szg,fﬁg/o;—zf

—X 0:ilbyo Bxo5= 0.5}(,«//:-:;

0.6 x /ppp

/Q?M i oo =£M/ﬂ'

Load) e o j’/w&’&gs‘= 0.6 M/m :

Jead Load/ Y stop /m

Total Db = 54700 542

= 8.37 knfin .
L= By)= 5‘Wm-
Tvtal Load = @.17+5 = 13, )7 kn/o

factored/ Loac) = 13.17x .5
Hy =197 kenybs

é_é,g?f Deteinination of ppy -

M., = W L2 -
[23 - /?r75)f'i

=
& &

= 39.52 AN .

182 chock for clepth.

My= 0.138 4y, b =

q,._\/T _ [ 39 52x,0
.
0./38L., b 0138 ¥ 25v 1000

=107 03 mm <« 28p .,

J
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LECTURE NOI1ES PAFPER

% Refngores ment Detash \

Madn Rebny : M= 0,874, ,4&&4/:_ Mﬁ#ﬂ
fek

39.5a x/os-:_ o,gjxg;_;gx Afo;g{), 415 Ast j
5

Jopox |Sox 2
608} = Age '(?-22”’594m£2
Ao = b#t. 465 mm

faimnfﬁ bars > Rep = /3. ) -

cS’Fw? - M3.1
/}? 6,%5.65%/000 = |74 89~ ) 7D .

2&‘{7(4:50(29?’1 ﬁ?e.?n{ Ap = 0.12 % b2

2012 L 000x200
Vvl

=~ 40 e

Omem p boro > qy = 79, 54 mm® -

& = M’f 897
/':LC' = = L5 v Bpormn
i I4-0

<40 >,
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LECTURE NOTES PAPER __
= f_llzmzqn a daf-—f%go( Gtald cone /mv?’? a st Hab f&b\
an offfce M/aéey for e Wfﬁ oota :

H@%ﬁtc Ghcon 7{’&95,{_ = 32m

Reten = /6p rmm

Fread= Q0 mm .

Nig 4 o7 Ug’amg,c?'z L 95
L= & k/\/m"-

FL= p iy k'V/ﬂ)'n .

A&erre 4, oo 4o bo W/Dcm@d on 280 mm 2k mraltngy
walle 0t the orter edoe of Mcrﬁr"nj Je) +o tha ofser. Ore
Mo Conets & Feg/s grode steel .

Biven olodn: |

b

_gk_}'__;#_fl: Rascd on 7&'6-‘-1'7’7‘160’1@9{ ,gggp; Yz f&una/ B on
tread, e /efy/h & chaleas 8 Biabwq’_

Hpi: £y spon

No. ¢f stepo= 03/':‘ - 2o

rﬁ’o,/bwﬁc{z -2 {,&;}yﬂ o [0 Skps cach:.

B P2 B0, 1050 119 x270) + 12504232
=2

= 5740 mm = 5./6 m.

N ~/
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LECTURE NOTES PAPER

4 N

Mhteknecs & oadt otab - Forn [5__2237
20 =

D =5 _
5o - V958 =58 mm e dpome

COVQL:&D mm

d”“ KR60—-3.0 = c‘M)LO G s
égc‘? Load calevhatson -

LOGW’Z on C?afir(:iz

We = 0,28 ’XJ“('_""'(;IS':&N/,,?

W - W Py T '
__@ _ 6.5/Bo%r 270"
270 o

-
=T 5 kN .
Pl of o &&P=3‘_’—xo./éyo.z_7xx
= 0.5¢ Anfm
Db of S&p per m = 0.54x/000
270
TR N/
Floot fin2eh = 0.5 jufo
| Lt = & k;\y‘m.
Jotal Load= 5+0.4+ 24+ TF.5p
= 1516 jenye

/

\-

Scanned by CamScanner
Scanned with CamScanner



/ - LECTURE NOTES PAPER
doad on La/zaf{’ﬁ s lzb \
Self wt g b=~ 0.96x) yos
=5.5 k/v/,,
FJ_ = 0.4 Wm )

Lt = 5 w/m.
7otal loadls 1201 kyj,

'?Bﬂ' Calovlotion .
Ep S Detormbnation o pm:
2.1 =
p iy Y 1514 % f'?--;g
€——I-<365"‘—"=='%————=9-‘?3 ———>=<—/3L5
2, R~

8
—@‘ A f..zs—bfémj

RatRp = (1218 x 1.865%x2) + (15,14 ¥ 2 -43)
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/ LECTURE NOTES PAPER

Tkdcy momant ase 4 A

(734” 5’5) (2 xfswﬂgr 345

+2.93+/ 355)

+ (15 16rx 2. 4—3){2 48 4. 3.55)

‘ 9504
208V x ).aes) () .308¢
)
K, ® 3490 kn . | N
Rs = 3491y kN 3 C%Wﬁ“c’ ‘

Mox moment o occcer ot corbre -

i =34:94( 1. 355+o‘?+3) ~12.bx 1. 355(: 3L5, 2,43

2 2.
0.1 32. 64 /
—I5T74x 2.43 | 243/
2 2

% ‘-‘." R fa » . ”L?..
T 45.89 knm

Foctord Moment= P55 1589 ~ 68.84 KNm.
Spi: A
My, » 0.974’3%54[;- W%Astj
+er bdd

6g. E’/y’xm =0.87x 415X 4, )@40[ A1SAq 7
T A = (R bavis s NN
\ Age= 868 . 05 am™ | /
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(@i@ - A
> A f/cuf kb & a Yingoreed concite Sab with oo

Wi Hous clups. They ove M Suppottec, thHwud bears by
Columns fth ot cofbietst column handls -

| gggnﬁ‘hmaf Wﬂaﬁ ‘Te,umf .'

P T B 2he #ucwj:aa‘a] e 9bd over e column
: C_Qfmnfvéaol.:t-étﬁ#@ w%fmedfamadf-fhg‘faﬁ%:%a

Clumn }p,ww%{g adoltanal cﬂtffmi: to the ehb. Tt G ato

,M-Z% ﬁfﬁa;m#ma;f&{aé bomdeaﬂmmaﬁa{%fom
sHes, ot & W%’mmﬁmq eolumn o cenlbre
tres  of wa

C’ohmm m} Eﬁsa a’as‘gn ‘S'k}o};aw? @ whith of 09542
Chut w‘f‘greafia Har 0954;)@1 eacﬁgfalesgwfwﬂwﬁl

vef/lﬂ- H&LQ. vl’ 7 e wa' ffJ fff_a 0{3{,@6—'&79}1,% Wﬂgﬂb
oobearrSred and Ay B Me bonsiene gfa/j/ aeadtuecl Sl of
| e .

Milalle dﬁu}v T a desfn. Ship bounded, o7 arch of 5
HOf/mﬂ& ém_c .{/ wlumn g&u}
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-
Types o flot gap: - A

I &labs it d;.of: and  colymn WFth  adumn  heod
2. 8bbs (it inp and
3 dahe

,Dmfand

fce::h.um tofth column head
ot d’“’f’ and. eolumn ofthout columa head

columo head qastet % ae,sfs'kfng te A.?h Shaow. forees

And ne_gabfve Momenld ot Hyp guﬁzio«t-

b > [~ l I —— |
e /_Hala
™, il
_ Head
sl colwnn B <Column
B Jeslab | |
[ e

Thickness of Fh*i@_b--[cl.gl.é.:, 4%, B.53]

7 Ik & oontvlled 63 gﬁgf,‘fo e 'aﬁ"ﬁ-th vatfs boued o
cotlochivn drmpls | ' .
Dwp: [l 3i.22, 18 1%] pg.n0:53]

__ The d,{,OF panel R formed. by Frowasfng te i knvo of
shb o the Vdly of He Qppoting clumn Tt B provilad B
vedue the Gear ohess owound e cdumn Supporis. fha, e
enl momentt 9 He O e hghet Hhan Ms,deaS belps 2
\7’6&{&6:3 the Qoo m?uf to e Ve omarenb oi&:ﬂ;wa 5/
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(&

lumn Head [el 31.2.3, TC 455 '.2{00\7?9_531 A

Wheve column heads e provRied, that portion ef @ Column
head whtch dfes uftity e Jougoct ight cheulan cone Aot
hae q vertex angle ef Go” & can ke fncludscl enthiely ufthly
the outlihae ¢ the column & column head, Shall te consflmad for

dM?an PUA}DD'% ..
{:Eegflqn Methed

I Divect Destgn Method [cl. g1.4.1, 1.5 455)

L. Buivalent frame Mebiod [C.81.5, 29 453 |
Dircct Jodign Methad

The Drect clee?gn methed facilttalis the Com]Duiaﬂfm of +WL

L -Ve dm%n mometh  wided dg;g%n doads at auffnd Gectors M
He b ustrg momprit ooeiﬁcﬁ‘er%.

Lemrtakions: (cl.31.4-.1, IS 45, pg .o .54

"[o{;al ‘:De&fgn Momen for a &paﬂ

Mo= Hdo
8

e W= desfn doad on auen Lol = w00
T Lo = clean <pan Qx-hgrxii’rg prem face b5 foce o

oofamn :

Tntertor” gpan: -
Trabibubion o G{,_g%q awment, Neaah‘v& e ign monendt = 0:65

\@,3r.¢.3.£,@.55:] postlie closfgn WM*O'ng
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Types o Moment Golunn tisp Meldle Qtap - A
H?ﬁ MD ﬁgiyﬁ
+ve  Moment (0.35X0: 60) M,
157
&I D/D Mn
—

sloiS el 1
Extedor Gan: [ol. 31.4:3.3, pg, 55, 10457

WUT —\Ve G{,Q.S'?f? W{Wﬂ‘z 0,75 — 0.|0

| L
Intefor  +ve d_a,g%n W"O*é«%—‘_{’_ﬁé_
|+
Extedor —ve C&&%ﬁ moapnk ~ o, 45" e
ML
o« an be calolated Monicﬂ&m%,wrgh
fl‘able 17, ¢l. 3144, Pg.%) T g

Az pou cl.31.5-5, Dtubution of J:enoﬂ.?ng awment auots Hhe
rarel width A 3% fag [cl.81.55.1 to cf.zf.s.sq-j.
Colwmn drip: —Ve moment ol Soteor Suppoud = 75 %
~Ye monent at exdeuor Suppil = 259

tve  momend For anch P = 60%

Mddle <teip - Reradnieg enovent  uAll be -taken by

Ve moment = 25%

e momeat > 40%p

\ Ca
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1. ZDQS?@(I the IntetoL Fan_gﬂ 9 a _)eb,{ @fag with d’l’DPé wa
&ffree Hoor 4o @pp e —]‘-’o!low?oa dcta -
‘gﬁz‘zﬁoﬁﬂ‘ﬁ?ﬁafbm= 20m ¥ 20m

Tz %ﬂ fanels = B x 5mp

“Thickness of <hb- Spao__ Booo _
%-— Zo = [25mm

Adoﬁ:'wmw of sﬁb%mrdoue&&e};zfsum ,
Thicknew &f Slab ot dwfa= 5D +5D =200
Column Head dfametu = ,]);49.25—_@

>D = 0.265x57=1.25m
length ef cheop = Y- gx 2 = oL
Ac!pl:& diop width = B0 2.5m .
Ce;aiwm__sw};-,-’ Duop cofdth = 95 .
Meddle <hip cofdth = 9.5m -
Stop @ Lood Gladatron

Selp-vot % Sob = 0,15 X1x25 = 3.75 kNjjn™ 15 efldle
= 0, 2%25= 5m/ro 15 Column <tdp -

-2
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LL- 4 }w/mz—

Fntshes = p K/
No&k?rﬁ Qoo = 10 kn Jro®
facksred deod= 15 K
Spa: BuM .

MD - Hﬂ.-;
&

cﬂn 2 Sfﬁn- column headl dtamelin
5-125 =3.75m > 0.654,
W= L2 2,

= I5X 5x3.75 = 08).25 )N

i

Mo » a?gl.,gzxg.’fs__ 131,83 KN

Negatie @M= 49% of Mo+ O 49 131.83

= 64.59 KknNm,

Posftive B ~Q) % of My~ 021 % [3).83

s = 27.68 knm
Middle <tap Moty
N%aﬁ\é BM = 5% &f My~ D.15X 13183
=|9.77 KNm
Pibve BM- |59, of Moz 0S¥ (31.83

: &_ .\ = 977 knlm Y
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4
:‘is_—ég.ﬁ: Chack  for thickser o alob - A
Colurn sbup: o = 'T

0.138f ., b

= 5"“-5'7,\”@1’
0.138 X 20x 25D0

= G475 <370 mm

Micdle "ctuip- o= \/Tquf
| 0/ 138 % 2pX25DD
= 53.53 <I5p mm
Sop 51 chock for shear ghen:
Shoor stiew & checked roaw the cplumn oscd @g'ged—fm
(Dtd) Total Lood on cGrador qua with Drd)ac dBmetu &

given by

N, = “?1:' () A, - I;x(r-oj—m.n)zx 15
| = 23,75 KN .
SF = Tokal dvad - Leccl on chreulos, asen
=(I5%5x5) - 22,75 = 351.25 k.
Shﬂa&-ﬁ?ree,/m cidth of pedmetor =V, = 351.25%10

f: 25'?‘"0- ]7

" 24T, 3b knm

Tye Mo 247.30x007
bd 25DOX TO

= 0. 58 N/ﬁmm
AN | /
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€

[-6.3.1. IS 450 : 2000, A

pPermissdble ghear <hen -k T

Ks= 0.5+2,
JB¢1§._—=_:£_', =)
5 X,

Ke= 0.541=1:5 1.0

Kg=1.0

Te’ O'ZSJ_P_CK = D,g_g'./z_o
=11z Nfemm

ReTe= 1 112 = 112 N/mm”
Ty <KTe=> Dy .
. % Em""atofcwnmwff Sﬁlzﬁaﬂo
ca) Column staip .

(Ve BM) = My-= 0,87163,4&59![“ Asefy
bdf
Agp X HE™

25DoX |ToX 20

64,5GX 16" = 0.Tx 415X AgpX 170[1 .

B g
[052.38 = Agt — b8 2x)0 ) Act

C Ace? 11237 o™ - Act _ N12TT
élzmé Agt = N3. 1 mm =445.108

Spacfng: 113.1 X 1000 _ -
HH&-F- &

7 A54 .09 = 5D m)
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_ A&[—y\% 7

(Fve BM) < 27.48x10 = o.g7x4r5‘xAS,:xJ7o(:
2500x 170K 20
) A

450,97« Agt ~@.8827)5

Agt= 41. 36 rm’
Ask= 4138 = g4 5 v’/
m -
?‘) 10mm =2 Qg = _g_k.m”'—: .55 nv0
X jpo0 2 435 S7=300 MM

(b Midelle <tuip. =@Paw}7ﬂ -

positie & negaﬁve mpment .
6
19.77x10"= o, 87% 415 Aﬂ,ﬂfzop* #1570
25D0% 120 x

A,.”-%'-Bf r—A,gf—_(é-‘?&x;o_g)Ayfl
Aok = 47171 mm™

Ast = 47).71
o -';—-——5?5_ 198,'58 mm/n

10 rmm 4)$> Aot = .g-—-xjo?'s 78 .5% v

gPa“f’g: %ﬁlooo 2 4/ 2b o S0O M C/C -

Scanned by CamScanner
Scanned with CamScanner



LECTURE NOTES PAPER

i

|

-

_ . 5 — >
T N B
Ce 95 @ / /
7(’ [0-27 C Loty @
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[0~ f_‘ToP) Tt
Mg X5 —_ _ __
_.—'.-.____l._________
L J-.z=5‘m
CS 5

cs
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@xﬂaﬁ’m’ fanel :
JDeg%n Hhe extesion pae! & a Flot-"dlob wth dw/»s

T

STz of eppree gloot: %om x Qom .
Fize of panel : Simxsm

Io= 4 kN

S

__5‘_3@'3 DimensSons of I,Jaé&{aﬁ
E%P 2 Load alouladron -

%& DBtetmlination of BM:

For an %,%:e J’,eoof, by Me"iazlﬁm))’rgyabﬁa:

N Mo = 131, 83&~Nm . Table 1Y, T4
{ Interdet —ve moment =[b-75“ 0.lo ] Mo Xy Lo |5 =)
I+ =3
e
% - TR
> = 75—~ 0,19 ) s oL 5 128
\fﬁf I H—-LJBI DL 5
. 0.7
OJC'— DFT
- 954 Kot
Tnfetor +ve momunt :[,53_ 0-28 |mB.¢3
1
r+/0_.1
= 67.45 KNm

EXtufed —-ve moment =

-

[D.GE
11
Ae

-

\
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. N

3. 5.5, D&stubcitron 9{ momient-s

Colewmn Otap 3l:5.5. 1, Jx9c8
Thtech -

> —Ve nmwmentd = P75 x98.81 = 70,08 kNm
EXtefor —ve moment = 0754 35.48=db.hb KNm

Tntear +ve pmoment = B.60x67.85 3558
. . : = 40.7) KNm
Mfdd[ﬁ d”ﬁ?’f' CJ. Bg.g_g-'?_! $§455

Latedt v proppng . 025 8 . bl = 93 31 kNm

ENLUB. HVR  poment = 08X 4T, 855 7 14 KNm .

Sept: check fou depin
8&‘&.5_3 ,Q&’WWR‘ Adetaflp
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(e N

INCIPLES OF DESIGN OF MAT FOUNDATION

XA mat or 'ro.ff B a +hitk reinforced concrele glab ewhich
S’uﬁz}?’ﬁs all the Load bea/\f'ng walle and column Loads of @
Shucture.

* A mat @ 'YQC}u?red when the Leads ave ﬁeavg and. the <ofl &
verf weak and %t B move econpmlsal than fclividunl footthg
when the tolal baso area. wequfred for the Polividual footfags
€xceecds aboul one half ef the area coveveol E’éf the Ctwctune .

¥ A mal B Preferred 4o fndRflual .Fg@%gg when the Kl mass
has Ve errali Propertfes gnol contafns Jenses of WM%[Q
Sofls - Tn euel, @909, % opuld be dbegreult to cordo) Ehe
digperential  gethlements B fndAviplual footfags are pro yided -

¥ The mat Sfo.n.g oRY weak Fa—f:ches of the | and Hws the
df,efe rentiol gettlements are wns?daabLg qedurced .

¥ ke all other shallow foundatibns, o mot must be safe
against cheor foflure and the gotttoment chpuld be wofthin Hhe
allowoble Lmgls -

¥ Ac He ufidth of o vogl R very Jonge, the pressire bulb B
Quite cleop . Thue, the fopse otl pockets undler Topt may be move
ewnly  sobitbubel . B reauthe R @ gmallet ofppemntial
Settlemont thon the ShdlzSdual footings .

*H R asumed +hot difgentiol seltlement ef 19mm  wouldl

ocewt o Tagt whon the mastyum cobllompnt B wice k™
k’khﬂ. Indtvidual, f&btﬁ‘la Thus, Moximwm.  Settomont f EJ'Dmm., GC-U'\«)
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ﬁe "r_»zm‘f[:t’,red when the cli‘ﬁfe*r@r[?ai gettlp ment: aﬂmdt‘;’! -"3””}

@2\ Hafls_on_Gohedinless ol

v The fxn_'rfh(f} C’Qr)ﬂ{',?‘f'clf of a foundatfon on cohori@onless gofld
cln[xgudﬂ wpon. the witth. Ag the width & vew Jorge, the
[1{>a,‘r?n(fj mf;oc?(.y fe VQ"X hi’gﬁb., and thevefore, +he Shops, JFOﬂ“’“"
generally cloecnol cocus .

X Accordingly , the sate coltlamert presoumne gvems he design
nok  -the beaning aofaac%g.

¥ Bul, for vey Aoote Sands [N<5), Beading capactly goverrs
Jhe clt.ﬂ"fgn'

X Zettoment dgf;en:bs upon. the de,f:»ﬂ; of the il ghatum . If a
flrn - ghatum  exfebe ak o challpw deF'H’l below the 7afé;
the celtlements are emall. Howeva,‘i?: He cand dﬂfﬂsﬁ
extends tp q great a{gfaﬁh, the seltlment twould be large -
The allowable <Hfl prestwe can be found uding the followfiy
2quabfons -

¥The «nfe bearing capactly con be deteimined as:

s = 0.22N*BWy+ 0.67 (100+N>) g We, .
X The ae  cettlsmpnt progsute fov a gettlement o K57m i

8?\@“ by,
Pp = 17.5 (N-3) Wy
Whuwe B = Qraller dfmencofon of Wﬁ ()
Dp= J]Z\gF-UL of foundation
\_ Wg,Hy= waln {eble comeetin .im:ci'msf | Y,
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(’Hte <malley, o the two yglues & the allpuwable ofl F;gggum\

/ o
7?2!15& ec?ccml:lon for the Safe <etHement CG;”?D) % congervative,
wsfng - Bowle & gc.}uo:l:?on for the gettlement o Q5 mm.

=12.2 N [ B10.31)2
Dnp ( B ) Ry Wy
Where %< dlepth factor= 14 0-33({%_)

B :
In genefmll 9p = '8 <
» Yap=12.2N[Bt+0.3 S
P ( B ) R"’N’)(ﬂ)
Nhwe oo o llowable Sebtepmpnt

¥ AS He wid+h % a vart R Ve ngﬁ,

B +0.3
B

" Fnp = 12.2.N Ry w,;(.;’?) |
"Tala"ng Ry= 1100 % §<BD mm
Ip=244NWy KN ()
e In cace ¢ mapte, ag e width g & vey lcmﬁe. and the
presqure bulb & deep, He water table generally affects
khe <afe ﬁeﬂ:&tzmm& Pmmu_m,
| 'Tak?ng Wy =05, %F = 122N kw/m " ()
The above ec}uoi—f’ons Qare af/»c?cajolz for 5L NIED,
¥ Ip the value of N ofter conection 2 Jecsc thon &,
the gand & Hop Looce for a rapt {mrdstﬁ’bn.w Ld
\SF'wbdd be oPther com]mc%ed or a deep Poundatfon g/

~ .o
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-

Such as ptle  goundatfon chowld be provited . R

* T value of N 87315@ than B0, +he abpve eﬁ,uoré?onx
gies  uneonservative eaults .

%Aﬂma'fna t ISsd03, the Qe Lettlement proseure for
a gettlement o L5mm. & ghven by -

Yap= 254 [N-3) Wy

Taking Wy =05, Gup = 12,7 (N-3)

x A the waft fundalfons are genefmlla uced. beloew
basements, the foundatfons are nok backfflled .

e %: Do T ’)’.%:
Where & - ghfa?mfmed Jdoad
A= Aren of He
I = Depth of foundlation .
b Raghs on day '
¥The net ulifmate bearing copacity R Aetermined
u;ﬂf’ng gkemp—t—on’g e%a%n ;
Qe = 5 L1+0:2 (2:)8)) (140.2 (B/1))Cu
where Cy> Wnehainect coheefon .

x The (b:f—’e- net beamng cqman% can be ob{;a?necias
\_ ne = P /F RN e e
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(?\" Underr - awrmol doaclfng  conolptlons, fuctor af Sfety h
Should, not be gamaller thon 3. IS 6403 vecommendl.s

a minfrum q"aa{wqf &a,f-’e%g of Q5.

* Incase o 7afts on clay, as the cafe bem'?ng aapacf’%y

R Padependlent of fte &fxe, 9t generally qoems +he
Gf@S)Dﬁn, .

*Incase of vapts, the pressure bulb extends tv o much
Greater depth than that tfor an Folated footing.

¥ The Settlements of vagts on nosmally consvlidatec
c}ays' are &(&'Maf/; Vewy ..Em?e. Howevey.. fnaase of over -
conso/fdatec! a/afy.s', the Gebtlements aw gnall. The
Settlements are calulated due to the net incvease 5

pressure. given by.
Gn= [-/%) - 9@74 , — (3)

* If (0¥ Stratum estends Lo a de/pm ?Vea.gep« Lhan
about Htwiee the cofdth e the mat, 2Ae Load onthe
mal coould Hend v act as a /pyf’nf Load for the Sofl)
at vﬁm(;/ae dz/o/ﬁ and the Sedtlement cwould be e me
whatever be the '9/93 éf Faunda:ﬁ%n ;

x 1f the Qttlemonts are Wje, d‘&y famdnﬁ%ﬁ& Such as
NG
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C& The factor of mfe@ agalthet bearthng azpacily fa)’a

- Can be cooPtten as:

F= Znu
Gn
¥ The Sedttlement ot a mat foundot®n caon ke

veduoed 53 deawaw%i Hhe et Paeveqce 17 prescue
& «5(/@/ hcw@?xz; Dp. for no fnoreace of net presSue,
E}ucrl:?m 3 5?\@3: ';71)7;: &/A
32].:?: 8 — )
7A
¥ A foundation +hat catisgres equation 4 e Known ab
fully compenﬁa&ed or .fimb?nﬁ foundation .
DEAGN _PRINCIPLES -OF ROAD BRIDGIELS:

* ?P_L?n.f?ormeal concrete be&’dges are generally uged for
highoay bige s, the uge for vail 7oad betdges & Linted
¥ Al Ree Mdﬁe mua”g Consfoke of T-beams Supporthg

Continuous glabs . The beams are supportel on Patesmed it
Prere and end aqbutments.

* Bl alab, T- beam, Contfauousg 3%:{% antilever and ach
botdge awe He different type o bofdges.

¥ Dead. Load , [Pe Lbad, Pmpact eppect, centrifugal fomy, ufnd
Joad, J,ona?'@udﬁ‘lal fores and| geldmio Fortes ale the f:&;p@d

of JLoadig ad:f’ng on the !5}1%&6. | /

J A
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* In cace o e Load o7 7vad. bfrfdge,s, thice claages &{\
+Re -Rmda"ﬂﬁ are uged.

> TRe clagg Aq uﬂmot?ng
> IRC chss A ioad?rg

7 IRC el B l{;ad,?nﬁ

% ch clage A4 doadtng & 4o be ado)oﬂal WL cortaf dndk
N certad  oxfalh 9 (o) c(m]u,ffaa:f;ed frduetrtal aneas |

¥ IRC clage 4 doading & 4o ke adopted. on all sadk
whch Fromff’nm’f brr?d_ge and  oulevts aqre Conetaicted. .

*IRC qalag g VP,onPng Te rwwwadg G.doptzd for temfomxg

Shuctues. Sthuctines wfith He ttmber qop 4 be mgaded
ag t%foraxg Shwmetives | '
- The Pm})acf eﬁ?e@% 8 alewlated o8, T- i‘_‘;_____ twhee L

) b+ L
e +the gfan n metes.

¥ cenbipugal foree & caloulated by c= WV*
1I27TR
e JSoad, v=d&9‘i’ga &zoeed, o vehfcle 2 R Raddius of cuvarte
¥ Deck <lab b«r’i’dﬁe& ¥ economfeal upto 8m span whereas
8:%1% ®v) T-baam b'rf’dg

where w &

e X econombaal »7903’ cff‘an,Q befuem
Om 0 &) m.
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.

GIENERAL DECIGN REQUIREMENTS !

* 8ide of the boms: The maxdmum <o & vefnfortements
Shall be 45mm ¢ and the dfameter e »ang%udfoﬂai°

W%Lim’o,?n 9 bavs A columns <hall apk be JLegc than 12mm|
The dfameker o bars Fna!udfnj tmnsvense Hes, SErups
and al| the d:'e(,ona}aﬁy m?nforezmenf ahall not be [ess
Han  bmm |

¥ Dekance between bave: The hovfrontal deekance between
two parallel Tefnporcing bare <hall avk be less o the

c&mai:eﬁl: g the followfhg difmensions;
o) Dameter of the bay 9% the dfameteys ave ec;uaﬂ.
by Dfameter o the ia)ﬁeg?': bat- rp Hhe dometens ae
nequal.
The veticol drdtance bebween txoo math retnforeing
bae chall be |12mm oy the maxfmum sSfxe of the bar

whichevor % greates .

* DRekfbutfn  Remporement : The deefbubfon  vefforeemert

ghall be quuol o 0.8 {:?maé +the moment due fo

Concernbated R Jood Plu,s 0.2 Hves the moment due &

other oaold Quch ae dead Md,ghﬁnkage,'ﬁyﬂfmefz.

o : )
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LECTURE NOTES PAPER |
Cw;m abress ghouldd not exceed \
@) 4 Hmes the poum¥usble sheas etress.
by 2lf Hines +he poumPsstble ghear She®s .

¥ permPectble ghresces : Tk hae been aFec?_f%ol 7% TrRC chde

PrwvEston
+ Increace M pevmissible chesses :

Q) Rhen <the eﬂ:’eal: of tempem-{:w*e, Shtfnkage and creep
R +aken indp eoncdevatfon, the Pewrﬁﬁ?ble chrues

may be exceeded bg 15%.
U When the epfect op ufd porces & taken falo cencBleratihp
perlstble siresses may bo excoeced by 95%
Un) Nhen +the efrock of efenie forees ko constiered, the
Permcdfble chrescec may ' be excoeced JJH 5O% ..

_I?_E‘gm‘” PRINCIPLES oF BoX CULVERT

*A box culvet % wsed wheve a Small diads Coles ;‘\%fv

embankmont ¢ a wad or arraflwaﬂ o7 a anal egf’ecw
When Lhy Ee:lﬁng cbfuc,;éy 8 the of) 5 Jow.

¥ A box culvert & a corbinuous

o v?g?d frame ef q*eaéanguﬂm
Seetfon 0 wohtoh the abutment ond the EDF and poHom
Sobs one cast mono it .

3

\In case ¢ hh Ombankmente an orclinaky Cuivextf el .
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(. 2\

quive Vewy heavy abutments which il be expend e amd

will 'bnng_)em hgay(y doads v tu .for_tndhﬁ?om, while Re
box culvet il be ChﬂaPU'

A box. culvertt sl be aglg/c?z'c&ed to <6} Lead from eutescls

and. cated Jo 0
4L prom nchole The Vertal ot ane el

to
earth f??e._c'fuve ,fmm otetsle Qg water ;p_,ug_ stee from
fnetde .

* Fmlou,
oy, the bottors gt gopy 4 Qubjestsd 4o ofl pressome

Foom  putadd, and  cvales fresure fom fhale. 74, ﬁ?:&‘/caé

G Roerer be abface fy ompatment celpht ard
_ 'f:raﬁaoc Locds
TA o cedveit b theretone dedlgmead Ffor two conditrin
P The box ouledt ool be d}'f 2oom fnede and He
Giele ccalls oof)) be Qubfected to eats, presswve frore CutFe
UD Hater 18 the box culvet wi) be Qubected o cail
pressune from eutsidy and coale. puessmie Foom Pnside .
Y The anaézfdi’& fo maaﬁg clone wsing morrents-clfe b bect on
methd, .

X Foi fhe
Fe W#MWJOMM%Equ%bxmfmf

P [*] o
¢ coiidecss), The Q0UpIA i done for The 7"-’0&0#07 Casey ;

\ (D Lve Lo, Deacs Doad and eoath Presuto Clcfroy O
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N0 wated pussiue goom SAide

and the culvet o Full of coaler

st and reinorcementt rguited .
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UD Lve doad and dead Aeacdl on -éo/p and eailh pissme
Qoé?nj _fwm ocetefale and coater pAessure a,czfﬁ?&g fwm Srasde .
) Nhen Jhe Sdes of the culvedt deesnot camy LPre. Aoad

* FAom  fhese thiee caces, raks the maxPrum Values of moment
wWheh & been calewdatzol M%ﬁ moment bichibubfon methool
and  draw e ?“Qﬁ)zlp'ram/lf detalls Fol Thiee moment: Caleedale

~
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