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i8-1 Classification of Waler Tank:
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18.2 Codal Provisionsof IS g 5
Fs PErmea_br')iLy of concrete musl be Least S0 USE lessey value
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2. No porous aﬁa?rejcde should be ygseq.

2. Parl of slructure r-e!ﬂrnj:ng Jr'c;ur“d and 61‘7(’05!’@ Space

above Lligurd shouwld be laken under severe expoSure
condition
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5- Minimnurm cement content for Rcoc tank 15 F20kg)m3
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I Muaximourn  Wie satie is 845
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sheuld be dane for not tess than Yj4 days



. (‘mckmg cf concrete can be conlrolled te som-e exlenl
bj mai'r}fal'nmg slope Fr'”ri’\g rate of 1m /n 24 hrs, at
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‘3. Permissible Stress:
¢ Steel
e Wild — 116 NImm™
*HYSD — 130 N/mm?
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18.3 DeSrgh of Circular Tank with Flexible joiot between
Base slab and wall:
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- Wall s subjected to hoop tension &nly, so Itis designgy
only for a=id! tension
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I8.4 Design of Circular Tank with Rigid Joint between
Base slab and wall:

arily subjected to hoep Fension
Iever
Fepsion both

- Upper portion is prim
and botHom portion behaves like cank
- Wall is dem‘gned for BM and a=zial

Subyected o Axial Tension

8.5 Des ign of Member
\ force IS

Membe r is designed in $uch away éntre
assumed to be transfered Hyough steel only.
T_)
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Ost

Seckion size should be stich Hhat tensile stress oFconcrete
should nol exceed its permiSsible stresg
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and area of steel required

Ex. Caleulale thickn€ss M30, Fe415 , ™= q.33

for axial tensiod osokN/M.

=
Ast-: i
Ost
im
- 250x103
130
Asi= 1923 07 mm?

be—F —

Assuming Ehickness = bz 10070

P
b= S tm i As
9 + (=) Ast

_250x]0°
(1oox1000) + (935-1Jx192350%

—

=215 N/mp? > 6, (1°5 Nimom?)
Safe but unserviceable.
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STAIRCASE
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Fig. 121 A typical flightin a staircase
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12.2 TYPES OF STAIRCASBES

12.2.1 Geometrical Configurations

A wide variety of staircases are met with in practice. Some of the more common
geometrical configurations are depicted in Fig. 12.2. These include:

o straight stairs (with or without intermediate landingy [Fig. 12 2(a))

# quarter-tum stairs [Fig. 12.2{(b)}

* dog-legged stairs [Fig. 12.2(c)]

« openwell stairs [Fig. 12.7(d)]

»  gpiral stairs [Fig 12.2(e)]

s helicoidal stairs [Fig. 12.2{)]
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12.2.2 Structural Classification

Structurally. stawrcases may be classified largely o two categories, depending on
the predommnant direction in which the slab component of the stair undergoes
flexure:

1. stair slab spanuing transversely (stair widthwise);
2. stair slab spanning longrudmnally (along the inchine).

Stair Slab Spanning Transversely
Tlus category generally includes:

1. slab cantlevered from a spandrel beam or wall [Fig. 12.3{a)]
2. slab doubly cantilevered from a central spine beam [Fig. 12.3(b)];
3. slab supporied between fwo strmger beams or walls [Fig. 12.3(c)]
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STAIRCASE SPANNING LONGITUDINALLY
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Fig. 12.5 Spescial support conditions for longitudinaity spanning stair slabs
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12.2.1 Dead Loads

The components of the dead load to be considered comprise:

o self-weight of stair slab (tread/tread-riser slab/waist slabj;

e self-weight of step (in case of "waist slab’ type stairs);

o selfweight of tread finish (usually 0.5 — 1.0 KN’
The unit weight of reinforced concrete for the slab and step may be taken as 25KN/m’
as specified in the Code (CL 18.2.1),

12.3.2 Live Loads

Live loads are generally assumed to act as uniformly distributed loads on the
horizontal projection of the flight, ie. on the “going’ The Loading Code
[IS 875 - 1987 (Part II)] recommends a wniformiy distributed load of 3.0 KNer in
general on the going, as well as e landing. However, in buildings (such as

Wiz = x RXT x8x25

residences) where the specified floor live loads do ror exceed 2.0 KMoy, and the
stalrcases are not liable fo be overcrowded, the Loading Code recommends a lower b
live load of 3.0 kN/m” [Fig. 12.6{a)].
_ ) B
o [50 ¥N/m®  in general
L 13.0 N/m®  when overcrowding is nnlikely
i s Wy =1.3kN
Wi G i
§ §7 e Desipn BM = Maximium
M, =
(@) (0

Fig. 12.6 Code specifications for live loads on siair slabs

Further, 10 the case of stuchurally independent ¢ anzilever stgps. the Loading Code
requires the tread slab to be capable of safely resisting a concentrated live load of
1.3 KN applied to the free end of each cantilevered tread [Fig. 12.6(bj].

It may be noted that the specified hve loads are characrerisiic loads: these loads as
well as the characteristic dead loads should be muitiplied by the appropriate load

Jfactors in order to provide the fhcrored leads required for “limit state design’

In the case of stairs with open wells, where spans partly
crossing at right angles occus, the load on areas
common to ony two such spans may be taken as one-
half in each direction as shown in Fig. 18. Where [lights
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esign & (Cwaist slab” type) dog-legged staircase for an office building. given the

bl

L

-

Howring data:
Fe ght between floor= 3 2 my;
riser = 160 mm tread =270 mm;
width of flight =landing width=1.25m
tive load =5 0 kN'm’
firushes load = 0.6 N o’

Assume the stairs to be supported on 230 mm thick masonry walls at the outer edges
of the landing, parallel to the risers [Fig. 12.13(2)]. Use M 20 concrete and Fe 415
steel Assume mild exposure conditions.

SCOLUTION

Given: R=160 mm. T=270mm = VR +72 =314 mm
Effective span = c/'¢c distance between supperts =5.16 m [Fig 12.13{a}]
Assume a waist slab thickness {//20)=5160/20 = 258 — 260 mm.
i \ basedon expenence
Assunming 20 mm clear cover (inild exposure) and 1.2 ¢ main bars.
effective depth o =260 - 20-122=234 pm.
The slab thickness 1 the landing regions may be taken a as the bending
moments are refatively low here. SD.



f } {m A strip of unil width is dff_;lgﬂed

TS T TSNS

Loads on going [Ref. 12.13(b)] on projected plan area: 3
(1) self-weight of waistslab @ 25 % 026 x 314270 =756 kKNm"

(2) self-weight of steps @ 25 x { % «Q1 63 =200

(3) finushes (given) =0.60

{4} Hveload {given} =500 *
15.16 KN'm®

= Factored load = 15.16 x 1.5 =22 74 &Ny’

Loads on landing
(1) self-weight of slab @ 25 % 0.20=5.00 KN/m’

(2) finishes @o6
{3} liveloads w50
10 60 KN

— Factored load = 10.60 % 1.5= 15.90 ™N/or

Design Moment [refer Fig. 12.13(b}]
Reaction R=({1590x1363)+(22.74x2.43)2 =4033kN/m
Maximum mement at midspan:
M,={4933 x 258) - (1590 x 1.365) = (258 - 1.3652
—{22.74) % (2.58 — 1.365)°2
= 6930 KNm/m

Main reinforcement Muyim= 0:138 fer bd %
- 5
69 30«10 - 0.138x2.0x1000x 234~

< = 1265 MPa
107 % 294° A

.‘155'. mmﬂ i g Jr=20 h@aﬁﬂ@@a Mugim = 15112kNm 2 So, Mu<Muim
2t =<4 5087 265/20]

[

1265/204 = 03814 1077 Ast:g.sﬁkbdz‘ ’1_469»4“
s Table f ‘ Fekbd?

3, 1981 )
113x103 415 J 202100{)&344
Required spacing of 12 § bars = 127 mm A
201%10°

Required spacing of 16 $ bars = = 225 mm {io be reduced slightly to

892

account for reduced effective depth)

Provide 16 9@ 220c/c

Distrilnitors

(Ast Jreqe = 0.0012 ¢ (for Fe 415 bars)
=0.0012 x 10° % 260 =312 mm’'m

spacing 10 pbars = 78.5+10°/ 312=251 mm

Provide 10 § @ 230c/e as distiibutors
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Fig. 12.13 Exampls 125

The detailing of bars for the first flight is shown in Fig. 12.13(c). Some nominal
reinforcement (10 ¢ @ 220c'c) is provided in the landing slabs near the support
at top to resist possible ‘negative’ moments on account of partial fixity; 3 ¢ @
250 c/e distributors are also provided.

EXAMPLE 12,6

Repeat the problem of the dop-legged staircase in Example 125, considering the
landings to be supported onlv on two edges perpendicular to the nisers
[Fig. 12.14(a)].

SOLUTION

The prevailing IS Code recommendations are adopted here for determination of
the design moments’.

Given: R=160mm. 7=270 mm =+ R*+ 77 =314 mm

Ag the flight is supported on the landings {whose length is less than 2.0 m). the

effective span (as per Code) is given by the ¢/c distance between landings.
=243+125=368m

Assume 3 waist slab thickness = 3680/20=184 — 185 mm

Let thickness of the landing slabs also be 185 nim

Assuming 20 mm cover and 12 pbars, = 185-20-122 =159 mm

Loads on going [Ref 12.14(b)] on projected plan area:

(1) self-weight of waist slab @ 25 < 0,185 % 3147270 =338 kN/m’

1

() self-weight of steps @ 25 * &% <016 =2.00
(3) finiches (given) =000 ox
{4) live load {ztven) =5.00

— Factored load = 12.08 x 1.5 = 1947 ¥N'm"

Loads on landing
(1) self-weight of slab @ 25 % 0.185 =463 kN'm’

(2) fimshes @ 0.60
{3) Hveloads @500
10.23 KN/my’

= Factored load = 10.23 x 1.5 = 1535 ¥Nm*

50% of this load may be assumed to be acting longitudinally.
ie, 1535 x1/2 =768 KN/m" [Fig. 12.14(b}].

Desion of waist slab [refer Fig. 12.14(b)]



Reaction on landing R=(763x0625)+{15.47x243/2) =28 46 kN/m

T=270
r=160[2",
34.28 kNim~,
e 1250
| 1
1 —— b
! T i 11\50
| | | J,
S x - I:&qgn s
2430 625 | 625
5 e P L
fa} {c)
7.88 kNI o 1A Wl | 76 ki
b O L T R
R!{ 3.88m e R
=, e
T~ 104 @ 380 elc
M, = 30.69 kNmim _[ ¥

] 185

D) | PrAiTx o .

Bd@A0 ol Ct/
2¢ @200 ofe

104 @ 180 of 8 @ 200 ey o
4500 i N ' 12 @ 190 cic

;&g = T L :
3 1“]2111@350&}(: 12 ¢ (@ 200 ¢fc
{d}

Fig. 12.14 Example 12.8

® Dasign Momeant at midspan: :
M, = (2846 » 3.68:2) - (7.68 x 0.625) « {1.34—-0.622/2) —19.47 = 1.215-2
=30.69 KN/m
o Main reinforcement
_ M, _3069x10°
bd®  10°x159°
Assuming M 20 concrete and Fe 415 steel.

=1.214 MPa




4 2 e 4
P Aa N L A 3508%1014/20] - 0.364 x 107
00 B4 2x413
= (g dpega = (036421072 x10% %150 = 579 mm* /m

3

Requured spacig of 12 d bars= %;;U— =195 mm
Provide 12 § @ 190¢/c main bars in the waist slab; these bars are continued into
the landing slab. as shown in Fig. 12.14c). MNominal top steel 10 4 4/ 190cik is
also provided at top at the junction of the waist slab with the landing slab to resist
possible “negative” moments.
Dixtribuiors:
(A Yy = 00012 % 1000 x 185 =222 mm™/m
Reguired spacing 8 4§ bars = %ﬁlﬂ_ =226 mm

Provide & § ‘@ 228c/c distriburors in the waist slab.

Design of landing slabs frefer Fig. 12.14{c)].

The entire loading on the staircase is transmitted fo the suppotting edges by the
bending of the landing slab in a direction parallel to the risers.
Loads (assomed to be uniformly distributed):

{considering the full width of landing of 1.25 m)

(i) directly on landing: 15.35x 125 =10.10kNim
(i) from going: 19.47 x 2.43/2 e
42.85KNm

— Loading on 1 m wide strip=42.85125=34 28 kN'm
Effective span =2.60m
Design Moment (at midspan):
A, =3428 % 2.6078 = 20.0 KNm/m
A, 200x10°
= = 5
Bd®  10° x159°
By bl 240
100 Bd 2=415
= (A ey = (0.342%107) % 10% %159 = 544 mm*/m

113x10° -
544

=1.147 MPa

h- J1—3508x1147/20] = 0.342 « 107

Reguired spacing of 12 p bars = 207 e

Provide 12 ¢ /@ 200 c/c at bottom in a direction parallel to the risers.

The detailing of the staircase (one fypical flight) is depicted in Fig 12.14{d).
Note that the bars from the waist slab are kept above the main bars of the landing
slab so that the desired maximum effective depth is obtained for the main bars in
the landing slab. This arrangement is assential all the more because the waist glab
15 supported by the landing, and to facilitate effective load transfer. the waist slab

bars nmst be placed above the main bars in the landing. Nominal bars 8 ¢ @
200 ¢ ¢ are also provided at top in the landing slabs.



EQ-01

Earthquake Design

* Ground motion is in all three directions. Two orthogonal horizontal directions and one
vertical direction.

* Origin point of earthquake inside the earth is called focus and radialy outward point
(vertical) on earth surface is called Epicenter.

 Regular structures behave better in earthquake than irregular structures. Three types of

irregularities exist. Mass Irregularity
o Mass irregularity Mass irregularity shall be considéred to exist where
o Vertical irregularity the seismic weight of any storey is more than 200
o Torsional irregularity. percent of that of its adjacent storeys. The irregularity

need not be considercd in casc of roofs

Vertical Geometric Irregularity

Vertical geometric irregularity shall be considered
to exist where the horizontal dimension of the lateral
force resisting system In any storey is more than
150 percent of that in its adjacent storey

Qegu'lar in Plan _ |

-
'd

} =
| A =

Rregular in plan Regular 'n Elevanion  Trregular in Elevation



EQ.-02

s Magnitude: Earthquake size is a quantitative measure of the size of the earthquake at its
source. The Richter Magnitude Scale measures the amount of seismic energy released by

an earthquake.

e Intensity: It is measured corresponding to damage in any area for given earthquake. The
severity of earthquake shaking is assessed using a Mercalli Intensity Scale. When an

=1 g
earthquake occurs, its magnitude can be given a single numerical value on the Richter
Magnitude Scale. However the intensity is variable over the area affected by the
earthquake, with high intensities near the epicentre and lower values further away. These
are allocated a value depending on the effects of the shaking according to the Modified

Mercalli Intensity Scale.

o Tall building belaves as cantilever however short buildings behave as portal frame.

= | ¢ —

brara 7%

IR ATy
« Flexible structures attract less earthquake force than rigid structure.
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Flexible Rigid



EQ-03

¢ Ductile structures behave better in earthquake than brittle structure,

~After EQ

Concrete

Duckile |

= TITITI777

s Ductility can be enhanced by following ways.
o Decrease in % of tension steel (under reinforced section)
o Increase in compression steel.
o Use of mild steel.
o Use of shear stirrup.

o To maintain overall ductility behavior of structure with minimum damage. it is necessary
to achieve

o Strong foundation and weak superstructure.

o Strong column and weak beam.

o Member strong in shear than flexure because shear failure is brittle.
e Maximum 30% moment redistribution is permitted in RCC structure.

e Shear wall is provided to resist lateral load in its own plane only. It is designed for BM.
SF and axial force. Thickness should not be less than 150mm.

As load increases From Wp, to Wp, , BMD should y W1 €Wpy <Wpa
change frorn T toIll. But dueto Formation of awwv—::mq%
plastic hinges at Fixed supports BMD becomes o T‘\

Iv ipstedd ofF T This is called Moment rediskibution B
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Peak value of earthquake is not taken in all three directions simultaneously.
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India is divided in four earthquake zones. Zone 11, 111. IV & V. zone V is most severe.

Infill frames provide more lateral resistant than without infill frames.

Ao vz
without nfil] with infill
Soft storey is one in which the sum of laieral stiffness is less than 70% of that in the

storey above or less than 80% of the average lateral stiffness of three storey above.



EQ®-05

Extreme soft storey is one in which the sum of lateral stiffness is less than 60% of that in
the storey above or less than 70% of the average lateral stiffness of three storey above.

Damping beyond which vibration is no longer oscillatory is called critical damping.
o Under damped — vibrates
o Critically damped — Just no vibration
o Over damped — Never vibrates
Criteria adopted by code for fixing level of design seismic load are given below.
o Structure should be able to resist minor earthquake.
o Structure should be able to resist moderate earthquake without significant
structural damage, though some non structural damage are allowed.
o Structure should be able to resist major earthquake without collapse while
structural and non structurai damage are allowed.
Design Basic Earthquake (DBE), which can reasonably be expected to occur atleast once
during design life of structure.

Struecture Life Mg&’;lt“de E;t‘;;n Skvuzures DBE
Residentia) 50 yrs 'Q 3 Resigentia) — 7
9 30yrs
Bridges 100 yrs % 50y7s Brid !
3 tooyrs ge
Damg 300 yrs 3.5 300Yrs Dam ——= 2.5
9 500 yrs :

TajManal  sooyrs

qs — - 1000 Y3 —raJ‘ Maha) — 9

Maximum considered Earthquake (MCE) is the most severe earthquake effect considered

by IS 1893: 2002

The design approach adopted in this standard is to ensure that structures possess at least a
minimum strength to withstand minor earthquakes ( <DBE ), which occur frequently,
without damage; resist moderate earthquakes ( DBE ) without significant structural
damage though some non-structural damage may occur and aims that structures
withstand a major earthquake ( MCE ) without collapse.

DESIGN OF BUILDING FRAME FOR EARTHQUAKE

-——3'777'777% - o ==
\' & F (Base Shea)= WA,
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e | P S A S S AT T T A
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EQ-06

“While calculating Wy partial LLis considered.

e e e

LL considered,

Uupto 5 kNm? 25%

beyond 3kNim* 507

7= zone factor, depends on earthquake zone.
I = importance factor, depends on functional use of structure
Table 6 Importance Factors, /

Table 2 Zone Factor, Z
(Clause 6.4.2)

(Clause 6.4.2)

& sjamic n m % v SI No. Structure Importance
Zone Factor
Seismic Low  Moderate Severe Very (1) (2) (3)
infensity Revepe i) Important service and communily
Z 0.10 0.16 0.24 0.36 buildings. such as hospitals. schools;
monumental structures. emergency 1.5
ing to MCE buildings like teiephone exchange, :
Z 1S Coryes PO"’d' g television stations, rudio stations,
railway stations, fire station buildings;,
and Z rePT‘E’SE’nhS DBE. large community halls like cinemas,
2 assembly halls and subway stations,
power stations
ii) All other buildings 1.0

NOTES

1 Thedesign engineer may choose values of importance
factor / greater than those mentioned above.

R= response reduction factor, depends on ductility of structure. Its value is higher for more
ductile structure. ( 1 ko 5)
Note: Value of I/R should not be more than 1.
Sa/g = Average response acceleration coefficient.
‘or rocky, 6r hard soil siles
40 L ey . r - LHIST,  000<T<O10
Type | (Rock. or Hard Soil S aso 0IR£T=0.40

Type Il (Medium Soil} 4 £ §
I <7<
Type It (Soft Soil) 1.0077 Q40 £T<4.00

For medium xoul sitey

g I+157, 0.00=T<0.10
%—‘- ={2% 0.10<T<0.55
136/T N55<T<4100

For sajt soil vites

F1+1587, wieT<0.10

i ' L A |
00 05 10 15 20 25 30 35 40 ra R U =T=067
Periods) [ 16T 067<T<4.00

Spactral Acoelrration Coolficient (S,/g)
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Time period of structure

7.6 Fundamental Natural Period

7.6.1 The approximate fundamental natural period
of vibration ( T, ), in seconds, of a moment-resisting
frame building without brick infil panels may be
estimated by the empirical expression:

7.6.2 The approximale fundamental natural period
of vibration ( T, ), in seconds, of all other buildings,
including moment-resisting frame buildings with brick
infil panels, may be estimated by the émpirical
expression:

7, = 0.0754°®  for RC frame building 009 h
= 0,085 078 for steel frame building . vd
where where
h = Height of building, in m. This excludes h = Height ofbuilding, inm, as defined in 7.6.1;
the basement storeys, where basement walls and

are connected with the ground floor deck
or fitted between the building columns,
But, it includes the basement storeys, when

d = DBasedimension of the building at the plinth
level, in m, along the considered direction

they are not so connected. of the lateral force.
v
__j{—ﬁ; 7 /f/jf/fl 77 -[.
\ i
) Wihi
\
5.5 T L T Fie B nint
\ hH
B W 1
]—‘)!/1!1!/1///;/7
Farabolic__~»,
\ w, h,
F1 2 I I Iy 77
\ 'h.'
Fram 7Jr7 ’

Above procedureto designof building Frames s Equivalent Static Load

method, This method is applicable for following Stuickures only.

Regular Structure
«Zone I 410 — 9Jom height
cZone § ¥ —, 4om
IrrEgular Structure
sZopeW § 7 — 40M
*ZoneWgV¥ —=12™M
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Masonry Design (151995 ¢ 5720)

2.1 Bed Block — A block: bedded on a wall,
column or picr to disperse a concentrated load
on a masonry ¢lement.

2.2 Bond — Arrangement of masonry units in
successive courses to tie the masonry together
both longitudinally and transversely; the arrange-
ment is usually worked out to ensure that no
vertical joint of one course is exactly over the
one in the pext course above or below it, and
there is maximum possible amount of lap.

2.3 Column, Pler and Buttress

2.3.1 Column — An  isolated vertical load
bearing member, width of which does not exceed
four times the thickness. :

2.3.2 Pier — A thickened. section forming
integral part of a wall placed at intervals along
the wall, to increase the stilfness of the wall or to
carry a vertical concentrated load. Thickness of
a pier is the overall thickness including the
thickness of the wall or when bonded into a leaf
of a cavity wall, the thickness obtained by
gcatilng that leaf as an independent wall ( see

ig. 1 ).

2.3.3 Buttress—A pier of masonry built as an
integral part of wall and projecting from either
or both surfaces, decreasing in cross-sectional
area from base to top.

2.6 Effective Height — The height of 2 wall or
column to be considered for calculating slender-

ness ratio.

2.7 Effective Length — The length of a wall io be
considered for calculating slenderness ratio.

2.8 Effective Thickness — The thickness of a wall
or column lo be considered for calculating
slenderness ratio.

2.11 Joint — A junction of masonry units.

2.11.1 Bed Joint — A horizontal mortar joint
ppon which masonry units are Iaid.

2.11.2 Cross Joint — A vertical joint, normal
to the face of the wall.

2.11.3 Wall Joint — A vertical joint parallel to
the face of the wall.
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2,17 Partition Wall — An  interior non-load
bearing wall, one storey or part storey in height.

2.18 Pamel Wall — An exterior non-ioad bearing
wall in framed construction, wholly supported
at each storey but subjected to lateral loads.

2.19 Shear Wall — A wall designed to carry
sorizontal forces acting in its plane with or
without vertical imposed loads.

2,20 Slenderness Ratio — Ratio of effective height
ar effective length to effective thickness of a
masonry clement,

2.21 Types of Walls

2.21.1 Cavity Wall — A wall comprising two
lcaves, each leaf being built of masonry units and
separated by a cavity and tied together with
metal ties or bonding units to ensure that the
two leaves act as one structural unit, the space
between the leaves being either left as continuous
cavity or filled with a non-load bearing insulating
and waterproofing material. (Google - Pic)

2.21.2 Fuced Wall - A wall in which facing
and backing of two different materialsare bonded
together to ensure common action under load

Sienderness ratio = Muinimum i

MD-02

2.21,3 Veneered Wall — A wall in which the
facing is attached to the backing but not so

bonded as to_result in a_common action under

load.

-—Heﬂ/éﬂ_‘

R4 g

fs—nslsm OF
WALL

e & o 90mm

WHICHEVER IS GRFATER

7 Minaum DIMENSIONS FOR MASONRY WALL OR BUTTRESS PROVIDING EFFECTIVE
LATERAL SUPPORT
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TABLE 1 MIX PROPORTION AND STRENGTH OF MORTARS FOR MASONRY
(Clause 3.2.1)

SL No, GRADE OF Mix PROPORTIONS Q!-r Loose VoLuMe ) MinmMuM

MORTAR ¥ - — COMPRESSIVE
Cement Lime Lime Pozzolana Sand STRENGTH AT
Pozzolana 28 DAYS IN
Mixwre N/mm?

(4} 2 @ 4) (%) ©) @ (8)
1 Hi 1 tCorB 0 0 3 10
2(a) H2 { 1 $CorB 0 0 4 75
2(b) 1 4CorB 1] 0 44 6.0
3(a) Mi | 0 0 5 50
i(b) 1 1CorB 0 0 6 3.0
3(=) o 0 1 (LP-40) 0 1} 3.0
4a) M2 f1 0 0 0 6 30
4b) 11 2B 0 3 9 20
4(c) i 0 1A 0 2 2:0
4{d) o 1B 0 1 1 20
4(e) 1] i1CorB 0 2 0 2:0
at) Lo o 1 (1LP-40) 0 i} 20
S(a) M3 { i 0 1] 0 i 1.5
5(b) i 3D 0 (1] 12 1.5
5(c) 70 1A 0 0 3 1.5
5(dy 0 1B 0 2 1 1.5
5(e) 0O 1CorRB o 3 0 1.5
5() L0 0 1 {LP-40) 0 2 1.5

a L1 (1 0 0 0 8 07

b; 0 1B 0 1 2 07
6(c) 40 1CorB 0 2 1 07
6(d) o 0 1 (LP-40) 0 23 07
6(e) L0 0 1 {(LP-20) ] 1t 07
T(a) 2 0 1B 0 0 3 05
(M) { 0 1CorR 0 1 2 he
(c) 0 ] 1(Lp.7) 0 13 05

H= ngh M= Medium L= Low

6.5.3.2 For load beaﬁng “’a"ﬂ. depﬂl of 5.4.3 Permissible Shear Stress — In case of

) 3 walls built in mortar not leaner than Grade M1
vertical and horizontal chases shall not exceed ( see ’]‘sblle l') and resis?ing horizontal ct;”orc:s in

one-thirid and one-sixth of the wall thickness the plane of the wall, permissible shear stress,

respectively, calculated on the area of bed joint, shall not
exceed the value obtained by the formula given
below, subject to a maximum of 0-5 N/mm2:

Jo =01 + fu/6
where-
fe = permissible shear stress in N/mm?,
. and
Ja = compressive stress due to dead loads
in N/mma2
eccentricity rano= —GE',— Ecc(’ﬂtnc.'l'l:y Rallo-

1t s the ratio of eccentricity of
resultant toad onwall and thickness
ofF wall.

E




>
No.

(1)

CoxpiTiown oF SuppoaT

2)

Lateral as well as rotational restraint
( that s, full restraint) at top and
bottom. For example, when the
floor/roof spans on the walls so that
reaction to load of floor/roof is pro-
vided by the walls, or when an RCC
floor/roof has bearing on the wall
( minimum 9 c¢cm ), irrespective of
the direction of the span ( founda-
tion footings of a wall give lateral as
well as rotational restraint)

Lateral as wellas rotational restraint
( that is, full restraint ) at one end
and only lateral restraint ( that is,
partial restraint ) at the other. For
example, RCC floorfroof at one end
spanning or adequately bearing on
the wall and timber fioor{roof not
spanning on wall, but adequately
anchored to it, on the other end

Eateral restraint, without rotational
restraint { that is, partial restraint )
on both ends. For example, timber
fioor/roof, not spanning on the wall
bur adequately anchored 1o it on
both ends of the wall, that is, lop
and bottom

Lateral restraint as well as rotational
restraint ( that is, full restraint ) at
bottom burt have no restraint ai the
top. For example, parapet walls
with RCC roof having adequate
bearing on the lower wall, or a com-~
pound wall with proper foundation
on the soil

EFFECTIVE
HEeigHT

)
015 H

"O85H

o0 H

1'50H
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4,4 Effective Length — Effective length of a wall
shall be as given in Table 5.

SL

No.

)
10

3.

TABLE 5 EFFECTIVE LENGTH OF WALLS

CONDITIONS OF SUPPORT
( see F1a. 13)

(W]

Where a wall is continuous and is
suppertied by cross wall, and there is
no opening within & distance of H/8
from the face of cross wall

or

Where 2 wall 1s continuous and is
supported by piers/buttresses conform-
ing t04.2.1.2 (b)

Where a wall is supported by a cross
wall at ons end and continuous with
. cross wall at other end

or
Where 2 wall is supported by a pier/
buttress at one end and continuous
with pier/buitress at other end
conforming to 4.2,1.2 (b)
Where s wallis supported at cach end
by cross wall

or
Where a wall It supported at each

end by a pier/buttress conforming to
4.2.1.2 (b)

EFfFECTIVE
LeNGTH

(3
08 L

oS L

1oL

{ Continued

MD-07

TABLE 5 EFFECTIVE LENGTH OF WALLS—Conrd

Sc

No.

n
4.

CoNDITIONS OP SUPPORT
{ s¢e F1a, 13)

(2)

Where a wall is free at one end and
continuous with a cross wall at the
other end

or

Where a wall isfree at one end and
continucus with a pier/buttress at the
other end conforming to 4.2.1.2 (b)

Where a wall is free at one end and
supﬁw:tad at the other end by a ¢ross
wa

or

Where a wall is fres at one end and
supported at the other end by a pier/
buttress conforming to 4.2.1.2 (b)

whersa

H = actual height of wall bet-
ween centres of adeguate
lateral support; and

L = length of wall from or bet-
ween centres of cross wall,
piers or butiresses.

E¥rECTIVE
Lexnors

3)
5L

2oL

Note = In case there i3 an opening taller than
05 Hin a wall, ends of the wall at the opening shall
be considered as free.

TABLE 7 MAXIMUM SLENDERNESS RATIO FOR
A LOAD BEARING WALL

No. oF SToreys

MAXIMUM SLENDERNESS RATIO
-

"

Using Fortland

Using Lime

Cement or Portland
Pozzolana Coment

in Mortar
£ ¢4
Not excecding 2 27
Exceeding 2 27

For columns:

o Laterally resttained gt ends

HeFF = IOH

Mortar

6]

20
13

- Laterally not restrained atends

HeH; = 2.0H

detion

1:O'r arch alt!Gr?

H>125hK
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TABLE A

Srness Levew

(n

ﬂ'g‘ufyd
0-85 fya
030 fiyu
095 fra
0-975 foa
10 fra

SALIENT POIMTS ON THE DESIGN STRESS-5TRAIN CURVE FOR
COLD-WORKED BARS

{ Clapse 1.4)

fy = 415 Mfmm® Sy = 500 M/mme
[ - | i . ™
Strain Stress Strain Stress
(2) {3 (4) (5)
M/mm? Mfrmm?
0001 44 2ERT 0001 74 78
0-0DE 63 35T 0-001 95 3696
o0l %2 3248 0002 26 3913
002 41 348 0002 77 4130
0002 Ti 3518 0003 12 4239
0003 80 I60-9 0004 17 4344
MOTE —— Lingar interpolation may be done Mor intermediale values,
S RIAVAVAN
\
1.6 \ \ \ \‘
x \\ \ \\
SNENNE AN
a 12 fa= 145 ——
v A - 1]
g \ \\L“ “"-h-...__:_____ fsu 190 . —
£ S~ T —lfs=2e0 T
b4 o8 — f529
w
=]
g
oh Note: 15 1S STEEL STRESS OF SERVICE.
LOADS ™ Njmm?
0 o4 [+F ] 12 16 20 24 28 30

PERCENTAGE TENSION REINFORCEMENT

A

Areaof cross - section of steel

-a
384, Areaof cross-section of steel

provided

FiG. 4 MopiricATioN FACTOR FOR TENSION REINFORCEMENT

1+5
o ]
g 1ok /l/,-"'
2 43 /l
=
g 12 /
E 141 A
8 10 ; |
g 0 080 100 150 200 2+50

PERCENTAGE COMPRESSION REINFORCEMENT

Fic. 5 MobricamioN FACTOR FOR COMPRESSION REINFORCEMENT

3-0C

8 § % B

REDUCTION FACTOR

e
~3
-]

0-70

0 02 04 08 08

RATIO OF WEB WIDTH
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Table 19 Design Shear Strength of Concrete, 1, , N'mm?
(Clauses 40.2.1,40.2.2, 40.3, 40.4, 40.5.3,41.3.2, 41.3.3 and 41.4.3)

mﬁ- Concrete Grade
M’Is M 20 M25 M 30 M35 M 40 and shove
(e} A2y 3) 4) (5) ® (7)
<015 0.28 028 029 029 029 0.30
025 035 0.36 0.36 037 0.37 0.38
0.50 0.46 048 0.49 0.50 0.50 0.51
075 0.54 0.56 0.57 0.59 0.59 0.60
1.00 0.60 0.62 0.64 0.66 0.67 0.68
125 0.64 0.67 070 o 0.713 074
1.50 0.68 0.72 0.74 0.76 0.78 079
175 0.71 0.75 078 0.80 0.82 0.84
2.00 0.71 0.79 0.82 0.84 0.86 0.88
2.25 0.71 0.81 0.85 088 0.90 092
2.50 0.71 0.82 0.88 0.91 093 0.95
2.75 0.71 0.82 0.90 054 0.96 098
.00 071 0.82 092 0.96 0.99 1.01
and
above

NOTE — The term A, is the area of longitudinal tengion reinforcement which continues at least one effective depth beyond the section
being considered except at support where the full area of tension reinforcement may be used provided the detailing conforms to 26.2.2
and 26.2.3

Table 20 Maximum Shear Stress, r____, N/mm’
( Clauges 40.2.3,40.2.3.1,40.5.1 and 41.3.1 )
Concrete MIS M20 M25 M 30 M35 M 40
“Grade and

above
Te max» N/mm? 1.5 28 3l 35 17 40




Table 26 Bending Moment Coefficients for Rectangular Panels Supported on
Four Sides with Provision for Torsion at Corners

(Clauses D-1.1 and 24.4.1)

Case Type of Panel and

No.

(1)

Moments Considered

2

Interior Panels:
Negative moment at continuous edge
Positive moment at mid-span

One Short Edge Continuous.
Negative moment at continuous edge
Positive moment at mid-span

One Long Edge Discontinuous:
Negative moment at continuous edge
Positive mmoment at mid-span

Two Adjucent Edges Discontinuous:
Negative moment at continuous edge
Positive moment at mid-span

Two Short Edges Discontinuous:
Negative moment at confinuous edge
Positive moment at mid-span

Two Long Edges Discontinuous:
Negative moment at continuous edge
Positive moment at mid-span

Three Edges Discontinuous

(One Long Edge Continuous):
Negative moment at continuous edge
Positive moment at mid-span

Three Edges Discontinuous

(One Short Edge Continuous) :
Negative moment at continuous edge
Positive moment at mid-span

Four Edges Discontinuous:
Positive moment at mid-span

Short Span Coefficients o, Long Span
(Values of I,H‘} Coefficients
:7 for All
— — —, Valuesof
1.0 1.1 1.2 1.3 14 1.5 1.75 20 /5
()] 4) (5) ) (4] 8 @ [$16)] [4§))
0.032 0.037 0.043 0.047 0.051 0.053 0.060 0.065 0.032
0.024 0.028 0.032 0.036 0.039 0.041 0.045 0.049 0.024
0.037 0.043 0048 0051 0.055 0.057 0.064 0.068 0.037
0.028 0.032 0.036 0.039 0.041 0044  0.048 0.052 0.028
©0.037 0.044 0.052 0.057 0.063 0067 0.077  0.085 0.037
0.028 0.033 0.039 0.044 0.047 0.051 0.059 0.065 0.028
0.047 0.053 0.060 0.065 0071 0.075 0.084 0.091 0.047
0.035 0.040 0.045 0.049 0053 0.056 0.063 0.069 0.035
0.045 0.049 0.052 0.056 0.059 0.060 0,065 0.069 —_
0.035 0.037 0.040 0.043 0.044 0045 0.049 0.052 0.035
— -— — — — — — — 0.045
0.035 0.043 0051 0.057 0063 0068  0.080 0.088 0.035
0.057  0.064 0071 0076 0.080 0.084 0.091 0.097 —_
0.043 0.048 0.053 0057 0.060 0.064  0.069 0.073 0.043
- —_ — — — — — — 0.057
0.043 0.051 0.059 0065 0071 0.076 0.087 0.096 0.043
0.056 0.064 0072 0079 0085 0:089 0100  0.107 0.056

Table 27 Bending Moment Coefficients for Slabs Spanning in Two Directions at
Right Angles, Simply Supported on Four Sides

(Clause D-2.1)
1,0, 1.0 1.1 1.2 14 L5 1.75 2.5 3.0
1 0.062 0.074 0.084 0.093 0.099 0.104 0.113 0.118 0.122 0.124
a 0.062 0.061 0.059 0.055 0.051 0.046 0.037 0.02% 0.020 0.014




No.

27

3
32
33
35

a7
38

9

41
42
43

45

47
48

3l
52
53
55
37
58

61

COMPRESSION WITH BENDING — Reclangular Section —

Reinforcement Distributed Equally on Two Sides

fy = 250 N/mm?
fy = 250 N/mm?
fr = 250 N/mm®
[y = 250 N/mm?
fy =415 Nfmm?
fy = 415 N/mm?
fy = 415 N/mm?
Sy =415 N/mm?
Jfy = 500 Nfmm?
Iy = 500 N/mm?
Sy = 500 N/mm"*
Sy = 500 N/mm?*

COMPRESSION WITH BENDING — Rectangular

d'|D = 005
d'|D = 010
&'|D = 015
d'|D = 0r20
d'|D = (05
d'[D = 010
d'[D = 015
d'[D = 020
d'|D = 005
d'(D = 010
d'|D = 0r15
d'|D = 0-20

=

Section —

Reinforeement Distributed Equally on Four Sides

fomm 250 N/mm?
fy = 250 Njmm?
[y = 350 N/mm?
Sy = 250 N/mm?
[y == 415 N/mm?
Sy = 415 N/mm?*
fy = 415 Njmm®
Sy = 415 N/mm?
Sy = 500 N/mm*
Sy = 500 N/mm?
[y = 500 N/mm?
Sy = 500 N/mm?

COMPRESSION WITH

Sy == 250 N/mm?®
Sy = 250 N/mm?
Jy = 250 N/mm*
Jfy =250 N/mm*
Sy = 415 N/mm?
Jy =415 N/mm?*
fy =415 N/mm?*
fy = 415 N/mm?*
Sy == 500 N/mm?
S5 = 500 N/mm?
Ty = 500 N/mm?
Sy = 500 N/mm?

d'|D = 005
d'[D w= 010
d'|D = 015
d'|D = 020
d'[{D = 005
d*[D = 0-10
d'D = 015
d'{D = 020
d'[D = 0-05
d'|D = 010
d'[D = 015
d'(|D = 020

BEMNDIMNG — Circular Section

d'|D = 005
d'{D = 010
d'|D = 015
d'{D == (-20
d'|D == 005
’/D = (10
d'/D =015
d'(D = (20
d' /D = 005
/D = (10
d'/D = (15
d'{D — 30

Page
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118
119
120
121
122
123
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126
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129
130
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