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Preface

The book has been written as per the new syllabus of BTEUP under NSQF scheme. The
yok is covering 4 chapters and initial 3 chapters are only for reading the chapters to enhance
owledge and last fourth chapter includes the drawing sheets, which the students have to
epare all drawings on drawing sheets for doing its in regular practice.

Though the students will have been reading the RCC book as subject of theory
multaneously, however reading of RCC book and regular practice on drawing sheet is must to
ss the exam.

The reinforcement bars are of grade Fe-250 as mild steel where at ends hooks are provided
U bend or 180° bend which includes extra length 9¢ for one hook and 189 for two bends at
yth end.

For the steel higher grade as Fe-415, 500 and Fe-550, HYSD bars have been used and bend
done at 90° usually for vertical height 4¢, 6¢, 8¢ and 12 ¢. Some time if deveopment length is
jite enough then no bend is provided only single length is cut and placed.

The extra length for bent up bars for one bent up have been kept 0.27D, 0.5D and 0.6D as
tra for 30°, 45° and 60° angle respectively. For stirrups, 2 leg stirrups have been used where

tra length has been taken as 24 ¢ for both bends at 135°.

Practice on Auto CAD Software will be done by individual students by their own effort.

or which it has not seemed good to include the same in this book. For this students should

swiload the software and practice accordingly by following the procedure therein. Some

iscellaneous drawing sheets of reinforcement have been addended in this book at the end.

Beside this bar bending schedule has been also included in this book for the extra
nowledge of students. It is expected from the students that they will be engaged in preparing
rawing throughout the semester and get good marks in this subject. At last I convey motion of
hanks for the publishers JPNP Meerut for giving me such an opportunity for writing the book

n this subject.



Syllabus
REINFORCED CEMENT CONCRETE (RCC) DRAWING

RATIONALE

Diploma holders in Civil Engincering are required to supervise the construction of RC
structures. Thus one should be able to read and interpret drawings of RC structures. The
competence to read and interpret structural drawings is best learnt by being able to draw these
drawings. Hence there is a need to have a subject devoted to preparation of structural drawings.

LEARNING OUTCOMES

After undergoing the subject, the students will be able to :

Draw the reinforcement details for various structural elements from the given data
Calculate reinforcement details from the given drawings

Draw bar bending schedule from drawing

Read and interpret R.C.C. drawings

DETAILED CONTENTS

1. RC Drawing :

Reinforcement details from the given data for the following structural elements with bar
bending schedules

(1) General instruction and rules, Drawing 1- lap, joint, development drawing :length, rings,
hook etc.

2. RC Slabs

One way slab, Two way slab and Cantilever Slab.

3. Beams
Singly and doubly reinforced rectangular beams and Cantilever beam (All beams with

vertical stirrups), T Beam, Tapered Beam.

Columns and Footings
Square, Rectangular and Circular Columns with lateral ties and their isolated sloped

column footings, column and beam junction.
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Portal Frame
Three bay two storey RC portal frame with blow up of column beam junctions,
(i) Drawing of cantilever retaining wall showing details of all the memperg and

reinforcement,

(i) Drawing of Intze type water tank showing details of all the members and reinforcement
Draw at least one sheet using AutoCAD sottware
MEANS OF ASSESSMENT

Assignments and quiz/class tests
Mid-term and end-term wrilten tests
Software installation and operation
Drawing sheets

Report writing

Viva-voce

S.No.

Contents

Chapters
Introduction
Slab

Beam

Sheet

Miscellaneous Drawing Sheets

Pages

1-17

18-24

25-38

39-66

67-108
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REINFORCER CEMENT CONCRETE
(RCSE) DRAWING

INTRODUCTION

E 1.1. Reinforced Cement Concrete
Reinforced cement concrete (R.C.C.) is the combination of ordinary concrete with the

reinforcement to increasc its compressive and tensile strength to a great texture.
Concrete is a versatile material for modern construction which is prepared by miung

well-proportioned quantitics of cement, sand, crushed rock or gravel and water.

1.2. Uses

It has been uscd from foundations to the roof tops of buildings, and n the construction of
highways and roads traflic

Also hydro power tunnels,

Imgation canals, drains and
All other building structures like dams, retaining walls, over head tanks, bunkers and silos etc.

1.3. Purpose of of Reinforcement in Concrete

As we know that, concrete has a very high compressive strength, but it is low in tensile strength.
Thus, when only the compressive loads are acting on the concrete surface, then there is no need

of using reinforcement 1n 1t. But where tensile forces are also involved. as, in. beams and slabs, there is
| a high risk of its failure when plain concrete is being used.

| Steel has a very high tensile strength, and also have good compressive strength. Hence, when
two materials (steel and concrete) are combined together, a material of construction is obtained that is
capable of with standing all the three types of forces like to act upon a structure £ ¢., compressive loads,
tensile to stresses and shear forces.

:, Such a material is known as reinforced cement concrete. The concrete surrounds the
} reinforcement bars with a perfect bond so as no slip between both could be possible.

| Concrete 1s basically alkaline in nature and this prevents rusting of the steel

| The bend or ‘grip” between the steel and concrete 1s established casily

’f The coefficient of thermal expansion of concrete is almost identical with that of steel This
| prevents the sk of cracking due to expansion at different rates.
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1.4. Advantages of RCC

Reinforced cement concrete has fol
reinforced cemen!

_ Structures made of

[

reinforcement)
_Itis resistant to fire
Easily available almost an

O 0 W NS, LW

1.5. Grade of Concrete

Conerete is graded or designed on th
2000 concrele is graded into fifteen types : T

It has high compressive strengll

and other climatc changes
y where i the world
It can be moulded in any form of shape.

Repairing cost is almost munimul
It 1s more ccononucal as compare
It can be uscd in any part of structure &
Too much expertise 15 not require

1t can be casted in any shapc as ¢an be se
type stair case folded roof and bunke

1

Reinforced Cement Concrete (RCC) D"aWIngE

llowing advantages -
{ concrete arc durable.

c d high tensile s
h (duc to concrete) an eh tensile strength "

m
d to other materials.
¢, from foundation to top roofing

d for working on it. normal skilled labour can do 1.

en in RCC over head tanks. Circular slab, Folding

rs 100.

¢ basis of its compressive strength. As per 1S Code 456
\c grades afler M 35 are designed by mix design process

|
S. No. Group Designation Characteristic fonlprcs{s‘i\»c strength, fek }
(N/mm 7) |
.
1. Ordinary concrete M-10 10 "
M5 15 |
M 20 20 {
2. Standard concrete M 25 25
M 30 30 I
M35 35 |
M 40 40 :
M 45 45 |
M 50 50
M55 55
The M letter refers to the mix and the
number represent 151(3 compressive strength of
concrete in N/mm*~
3 High strength M 60 60
concrete M 65 65
M 70 70
M7 75
M 80 80

|
1

Introduction
The various grades of concete as per their use are listed further :
1. For R.C.C. work—not lower than M 20

2. For post tensioned work—M 35 and above.
3. For pre tensioned prestressed concrete—M 40 and above.

E 1.6. Material used in R.C.C.

R.C.C. consists of concrete and reinforcing material. Strength of an R.C.C. scction is depends
on the kind of concrete and rewnforced uscd.
Grade of concrete : Concretc is graded on the basic of its compressive strength. As per LS. 456
: 2000, concrete is graded into 15 categories
(2) Ordinary concrete : M-10, M-15, M-20
(b) Standard concrete : M-25, M-30, M-35, M-40, M-45 M-50, M-55
(c) High strength concrete : M-60, M-65, M-70, M-75, M-80
M = Mix
| Number] = Characteristic compressive strength, /., N/mm?)
fo = Characteristic strength of cube size 150 mm x 150 mm x 150 mm of respective grade
passed in strength by 95% samples often after 28 days curing.
The grades of OPC cement :
(a) 33 grade (b) 43 grade (c) 53 grade
Here the grade number indicates the minimum compressive strength of cement sand mortar

cubes in N/mm? at 28 days curing by the cube size 3” x3” x 3” or 5000 mm? arm arca.

Here,

[} 1.7. Steel Reinforcement

Size and grades of steel are according to [.S. 456 : 2000
Rebars—Resprescented by reinforcing bars.
1.7.1 Size of bars
Nominal dia of steel bars available in India from 6 mm to 50 mm but mostly,
steel bars in dia used between 8 mm to 32 mm.
So basically, steel bars are of two types based on their surface :
1. Plain bars 2, deformed bars
1.7.2 Grade of steel
Represented by yield strength of steel.
® Specified yeild strength may be treated as characteristic strength fy.
® [Expressed in N/mmz]
1.7.2.1 Mild steel (Fe-250)

Commonly used in sever: r ordi ructures because of their low sir W
y al or ordinary structu; s b i I
e e ry their low cngth. Now these bars
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bars|
1.7.2.2 HYSD [High yicld strength deformed ]
® Fe-415
o Fe-500 415 and Fe-250.
Sce fig. 11 for strss and stran for bars of Fe-500 Fe

Fe 500
Fe 415

Stress ——

Fe-250

Straln —>

Fig. 1.1

¢ Fe-415D, Fe-500 D, Fe-550 D and Fe-550 D has been resently introduced in [IS-I786.20001
D-represent high ductility
1.7.2.3 TMT bars [Thermo mechanically treated]
Inner core-soft and ductile
Outer core-very high and has more tensile strength
See fig. 1.2 for TMT.

Fig.1.2

HYSD Bars are as per IS : 1786-1985 made of steel which are provided with logs, ribs
projection or deformation on their surface and are produced in form of cold twisted deformed bars.

These bars are extensively used for reinforcement purposes in a construction.

Due to ribs or projections on their surface, these steel bars have minimum slippage with in
concrete and increase the bond between two materials.

Deformed bars can be used without end hooks.

|

Introduction 5

Cold twisted deformed (Ribbed or for steel bars) bars ere recommended a3 best quality stecl
bars for construction work by structural Enginecrs (see fig 1.3).

l1.8. Characteristic Strength of Steel

Characteristic strength mezns yield strength whose value below should not be more than 5% of
the test results are expected to fall or 95% result should pass.

1,+08250

Froquoncy distnbution

(P

7

f— 5% —e—1.650—>]

| I
Compressive strength ————+
Flg. 13

As per LS. : 456-2000, the characteristic strength of steel is equal to the minimum yield stress or
0.2% proof stress.

Tyeps of steel Grade Yield stress/0.2% proof stress or
characteristic strength (N/mm 2)
1. Mild steel Fe-250 250
2. High strength Fe-415 (Tor 40) 415
Deformed steel (HYSD) Fe-500 (Tor 50) 500
Fe-550 (Tor 55) 550
3. TMT or CBS bars Fe 500 500

1.8.1 Minimum dia of steel bars
1. Beam — 12 mm
2. colum — 12 mm
3. Slab— 10 mm
4. Lintel — 10 mm
5. R.C.C. wall— 10 mm
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: Ading work
W sections commonl_\ used in buildin ork
/eight of steel sec S ‘ £

Weight kgp/m For

Introduction 1
‘ Vol of fine nad

Concrete grade Vol. of gross apgregate Quantity of water for

tone [
Length (m) per | bag cement arss agg. B l b
—
Welzht kg/m for round | squarcbag . | for per bag cemen | coansagg, per bag of cement
Bars 8 o a3 [ | T
bars plain or ribbed tor z — TT— NEIIRERL 250 kg { penerally | 2 | 30 ltr
| bars plain 07 = —— - l \
—_— ] T N 330 ky | | vanes Limuts V2
N ‘ _— NS 2 E | -
Dia (mm) . 19 010 |
_.___s——— 0154 | 6494 \ NETTTRE) ‘ I8N0 kg ‘ | l| tol 3 S WM
? - 1408 02 NEEIE I 625 ke | ? 451t
0 ) I
0 139 | AR RN 0 < NEYIRRND ’ SO0 kyr } 60 Itr
03 ‘ -
) | 1621 A : : Deapen mn concrete iy adopted tor high nse constructions In this
10 06 | 2. Deslgn mix conerete @ Dey ¢ J :
5§ i 1128 i npe of min the natios are Jearded by an Eopmcer atter analysing the propertics of individual
12 e e
| ) 20 Ingredients of concicte
o 158 | ot maruf Cement s tested for fineness and speciic pravity an the lab while deciding the design mix ratio
18 199 o0 Hhatid Ao apprepates tosted for prading zones and then by calculations ratio of cement, coarse sand and
20 147 408 i aperepate with water are decided
:S 185 2o 49] There s no pre-fixed rato and ingredients are batched i werght From the concrete grade wable,
N - ; 1€9 N 04 conrete grades more than M 25 talls in design Mix
32 631 | In simple ; desipn muicrefens to the rabos w hich arc deaided by the Engincer after testing and
Components of concrele mix for per cubic metre nalysing
| r Mi [ Cement in Kilograms Dry sand | Aggregate
Concrete Water Water | Cem Cement | \LL‘EL'E!L* 1ix — iach o ] Fara——— av. Cu.m graded
proportion cement Qvantity of | Numbers | Weight (Inkg)  Fine | Coan _Machine mixing ’ B (av.) 12 10
[CLF.A: CA| ratio waterper | (Inbegy | Qitre) | c(In Gravel Broken/sto | Gravelsin | Braken/sto 35 mm
| ! | ne gle ne
bag (litre) | l | e Cu.m
T . N . rr B
M75(1-4:8) 0958 478 33 168 462 A [ SS0 SN0 570 600 040 080
o . T 1< o [ 70 390 380 400 042 084
M 10 (1:3:6) 075 43 213 o e
M IS (1:2:4) 055 275 62 o N B T S T 380 370 390 054 081
1 042 79 195 | 308 828 124 200 3o 300 320 045 090
M20(15:3) ol 250 270 260 280 0 46 092
- )
. < 92 N | 2
M25(1:1°2) 030 s | na2 i : R 190 210 200 220 046 094
IR 140 160 150 170 047 094
I 1.9. Classilfication of Concrete
Note : lhg 50 kg cement bag has volume 34.72 or 35 hitre, and density is 1440 kg’ 'm®. The

These are divided into two categones

1. Nominal mix concrete

2. Design mix concrete

1. Nominal mix concrete : Nominal mix 1s generally adopted for small scale constructions In
this type of mux, the mix ratios and concrete constituent proportions are prefixed and specificd M= 0.
(1:1.5:3), the quanuty of cement, sand and aggregate 1s batched in volume as per the fixed ratio 1:153

From the concrete table ull M235 grade as | -
miXx concrete.

nal
2 the concrete proportions are called as nom:

| weight perm Vol raptd hardenimyg cement remains 1200 kg/cu.m.

| §] 1.10. Bends and Hooks in the Reinforcement

(a) Bends : The anchorage value of a standard bend shall be taken as 4 times of the diameter of
| the bar for cach 457 bend subject to a maximum of 16 times of the diameter of the bar.

(b) Hooks : The anchorage value of a standard U-type hook shall be equal to 16 times of the
| diameter of the bar. The anchorage values of standard hooks and bends for different bar diameters have

| show xh [t al ° fig. 1.4
ﬂ; f'r ﬁlz l]ﬁc’;ﬁlclfuméc va Pe 0{'.1 sf.'xcnda.rd r0 bc%j l\l llmlc; of the diameter. See fig. |
|

|
L
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D = Bar ge . Wi
8 or bm'}if‘“ b‘ Introduction
Bar i R
| ..‘_
| 43 g —» ¥
el
— 1, —s] | R=25 / T T
es + i R S
\ \d
(b) Bent up Bar 1+ \ s
() Standard Hook Fig. 14 L | ! P—riieera 3
/
(e) Altematva Hook (" 90" Barg
:4¢+5°:90 Fig. 1.5 : Different types of Hooks
%) Additonal length D D 1.11. Anchorage
0 wunb -
D RGN In case of space hmutation, hooks or bends in the
Here : L tan 6 and W =sn0 reinforcement can be used as an anchorage , n=
2 . —r a
(= 30°. 45° and 60° respectively). we get-different valus of extra Icnglh,asg”m below - If the bends started after the centre of support. the , J i
T o D D Additional length of beny up bar anchorage length should be at least 49 but not greater than 120, [ ¢
o :‘ sin@ tan® If the hook started before d 2 from the face of support, e
cl e v > e, 2
l ’ 0 D D 0.27D for one bent w the anchorage length be 8¢ but not greater than 246 :"
‘ 05 05733 Note : For mild steel bars minimum r =26 4 *J f\
h
4 o D D 0.414 D = 0.42 D for one bent y For high yield SD bars minimum =30 or 46 (
L A £ D o : p :
| 0.707 10 (0.42 Dis generally the value that for sizes 25 mm and above (sce fig. | 6)
’ acdped) Beams Floe
D 0.577 D = 0.58 D for one bent
3 ‘ 60 D —— . e Dent up At the end support, the proper ancorage of the tensile bar must extend a length cqual to ooe of
0866 1732 (0.58 D is usually adopted) the following - =
See fig. 1 4and 1 S for Hooks 1. 12 imes the bar size beyond the centre line of the support.
k‘i— 12 times the bar s1ize plus (+) ¢ 2 from the face of support.
(seefig 1 7)
Kko=kd
} G *q
1o ! ] °‘—
¥ k1) 0 '
Il ] | Standard Hook |
' KN
[ T —
f—160—s ® '
4=
\ 4dmin od = kd \
R
XN T p—
’?' ! | —*

fe
(ke1) 6= (hel)d Fig. 1.7

(d) Standard 90° Hoox

() 607 Hook
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Reinforc

(a) Bars in Tension (IS 456) - See fig- 1.7.

4¢ min
L) ¢
(a) Standard Hook

46 ml{ - o
ko
a— i

(k+1)0

(b) Standard 90° Hook

The salient points arc :

Fig. 1.7

ed Cement Concrete (RCC) Drawlng

Min k for

(i) Mild steel =2 and
(il) Cold worked steel = 4

o Deformed bars may not need at end ancorages if the development length (Ly) required js

satisfied.

Hooks should normally be provided

for plain bars in tension.

The anchorage value of standard

bend shall be considered as 4 times

the diamter of the bar for each 45°

bend subject to a maximum value of

16 times the diameter o bar.

The anchorage value of standard

U-type hook shall be 16 times the

dia of bar.

(b) Bars in compression (IS 456)

Here the salient points are :

e The anchorage length of straight
compression bar shall be equal to its
development length.

® Development length  shall be
included the projected length of
hooks, bends and straight length
beyond bends, if provided. See fig.
1.8.

Holder bars
Stirry
imp ]| &
Nominal cover—» e— o
25 mm + ¢, D
Actual cover—» [+— °
E r=6
Slm’up\*
D
A_A
le—— ph —>| -
Stirrup ~ II
D
2 8

l—b—]

Fig. 1.8 : Anchorage of stirrups

L

The salient points are : Inclined bars in tension zone will have the dey clopment length cqual to
that of bars in tension and this length shall be measured from the end of sloping or inclined portion of
the bar.

Introduction

Inclined bars in compression zone will have the development length equal to that of bars in
tension and this length shall be measurcd from the mid-depth of beam.

For stirrups, transverse ties and other secondary reinforcement, complete development length
and anchorage are considered to be satisfied if prepared as shown in figure (shear)

[ 1.12. Developement Length

Ly is called development length. It is the minimum length of bar which must be embedded in
concrete beyond any scction to develop its full strength (see fig. 1.9).

Concrete

Steel bar

Fig 1.9

According to IS 456 : 2000

Ly =¢G_“
414y

Where,
¢ =Nominal diameter of bar
Gy = Stress in bar at the section considered at design load, and
T = Design bond stress dependent on grades of concrete
The permissible bond stress T,, depends upon the grade of concrete and type of steel. The
value of permissible bond stress are given in the table.

Permissible bond stress for plain bars and deformed bars in tension

Grade of concrete g for plain bars (N/mm ?) Tpq for deformed bars (N/mm ?)
M20 0.6 0.96
M 20 0.8 1.28
M25 0.9 1.44
M 30 1.0 1.6
M35 1.1 1.76
M 40 and above 1.2 1.92
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12 208
M 45
M S0 -
. ith of steel 250 N/mm 2
For Example : Assume grade of concrelc. M 30, yicld streng
value in the formula
¢ x 140 350
= Lap length = ix10

Here *¢" is the diameter of steel bar

Y ength
Imp — For flexure tenslon lap Direct tension lap leng

length R

hich ever is greater
L, or30¢ (Which cver is greater) ‘ 1y 0r300 which ever is grea

Development length for signle bar

1, or 24D which ever g greae

Type of steel bar Fy Ly In tension (mm) Ly in compression (mm)
: 2
Nfgm ‘ Mas | m20 | M25 | M5 | M20 | s
Fe-250, Plain bar 250 550 460 3% 449 37
Dctormed bare| 415 560 47 400 456 380
F-415
500 6% 58 4% 54¢ 464
Example 1. Preparc a bar bending schedule/schedule of bars for the below figure 1.10,
M 14mmo 10 mmo
| /
i |
l\H\] % ’ e e
1 _L
fe— U5 to L7 — ”JK fb—22cm—of f—30cm—
; L=120cm { Saction at M-K
Flg. 1.10

14 mmo— 2 Bars straight
14 mmg— | Bar bent up.
10 mmg— 2 Bar anchor at top ends
[6 mmot.vo ledged stirrups @ 10 cm c/c spacing throughout the length.]
Ends clear cover = 2 ¢m either side
Lintel size = 1.2 m x03m x 0.12 m
Top-Bottom-sides-efT. cover = 1.5 ¢m

|

|

upplymg"

T

n compressive lap lenggy |
|

Introduction 13
S. No. | Desc. of Shape of bar No L 1 w Total | Remark
bar W
I 1amme | C ) 2 Ll +|28m| 121 | 34]
main 118 | 2x9 kg/m kg
- m o
straight %0014 =
bar 1.412m
2 | 14mm¢ 9cm I a6+18 | 1502 | 1.21 1.82
bent up %0.014 m kg/m kg
bar fp——1.16m—— +0.09 =
1.502m
. .66
3010 mmo|f——r16m—— | 2 1.16 +|268m | 0.62 1.6
Anchor 18 kg/m kg
] x0.01 =
bars 1omme 1.34 m
4 |6 mmo simmy 13 [2x027]11232] 022 | 247 [Nos =
two ley T + m kg/m kg | 116 +1
stirrups 9cm x009 + 10
@ 10 n 24 x =11.6+1
cm c/c f—27cm _.{ 0.006 = _
0.864 m 12.6=13
Total |9.36 kg
Example 2. Draw B.B.S. for bars of given below figure 1.11.
“—M 3%cm
r T
% § EI 5
o - o
©o w o
} [~z mmo
K 8mmé |+ 45cm—~|
}-— 55 cm‘-{ |-—55 cm—'{ 2 legged
f‘* 3m _} stirrups

Beam Elevation Section Section at MK

Fig. 1.11
(i) 12 mm¢ Anchor bars—2
(ii) 20 mm ¢ bent up bar—01
(iii) 8 mm ¢ two leg stirrups 11 ¢m ¢/c 55 cm distance at bith side.
(iv) 8 mm ¢ two leg stirrups 18 cm c/c for mide dutic
(v) Ends clear cover = 5 cm
(vi) TOP-BOTTOM-SIDE Effective cover =3 ¢m
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W Remark S. | Desc.of Shape of bar N ! Total L
{ bar N ! L Wt al w | Total | Remark
o i il kg/m | No.| bar ot
| |

N 20 mmo 5 |29 + 18 x| 652m (247 |16.10 kg 1. [12mm¢ 12mmé 31 |3.27+18|108.066 m | 0.89 | 96.18 | Nos = 600 -3

' ;,Oammmo 0.02 =326 ! ait ;28{)‘2 = kg | =597
straight f——2a27m—| 486 m 597

straight | 290 m——+ m ‘\ ek

bars " | bar 20"

2. 20 mmé 1 | 29+18x0.0 [3.79m |247 (9.36kg | 230.85 = 31
i saem /L 5 +0.54 -‘ 2. |12 mmo C\M 30 {3486+ [108.36m |0.89]9644 |15 cm - 24
bentup bar ‘ Bentup p 0.126 = ke cm=12.6 cm

312 mmel 2om 2 |39+18 x| 6232 | 089 [5.54kg | bar 3612m
Anchor 0012 =| m | 3 (12 mmo 12mme 6 |597+18 [37.116m |0.89 | 33.03
bar L 3116m temp. bar x0.012= kg

4 s mmo 12 |2x054 +|24.624 039 (9.6kg |55 | ¢ | f—— 597 m———f 6.186 m
o 2x039+24 11 |
ledged 054 ;02'20(;;8 = 6x2=12 | 4. (10 mmo . 23(597+18 |141.45m |0.62|87.70 | 60-3= 597
Strrups@ . | dist  bar 69 x 0.01 = kg cm =597 m

s | 15cmc/c \‘/ 6.15m 327
11 cm f—039— ; - —I—+l—218
’ +1=228-=

s |s mme 2 T 9 | 2052m |18468| 039 [72kg | 180 _ | 230
ledged 054 118=9 ‘ Example 4. Prepare B.B.S. for below figure 1.13. Effective Bottom cover 40 mm, clear end
stirrups @ | cover = 50 mm, Bottom size 2.40 x 2.40 m effective cover on colum =40 mm.

18 cm c/c | 30cm 30em, Beam
| —
180 cm f-039— C D T20cm
Total [47.8 kg —
i Col —
Example 3. Prepare bar bending schedule for below figure 1.12 of slab size = 6m x3.3 m x ' °4”0mx';:z‘::"°"—’ 1
0.15 m, top bottom eff cover = 12 mm, ends clear cover = 15 mm, 12 mm ¢ temp. bar 3-3 number % 8 mmp Lateral 1 A o
at both ends, use Fe 250 mild steel. ' Tles 10 cm c/c H— [3.0em
20mmoe 4 —ol 1 40 mm
Main bars 1 Effective cover
S—
10 mm¢ dis. 70 cm
Rod 15cm c/c c
"oé\ 18 mm¢ Main barj 30
20 cm cle c 5 em

- sem )

f———330m

12 mm¢ bar 10 cm ¢/c
Alternate bar bent up

Flg. 1.12

240 em ———of
Effective botiom cover 40 cm
Clear end cover 50 mm
Bottom size 2.40 x 2.40m

Flg.1.13

A : _:A B l
g E 20 mmo Main bar [l Lo
20cmclc I-—a il mm cover
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S S N i Total w Total | Rema
\!; D(;:}uf Shape of bar N i B o
230
1. |20mm¢ 13 [23+1 | 34586 | 247 8i.41 230,
20cmc/c 8 x m g 20
main 002 = =125
(Bars) 2.66m =13

2 |18 mmo 13 |23 +|34112 2.00 68.22
20cmclc 18 x m kg
distnbut 0018 =
on bars 2.624

m

3 120 mmo 4 5.022 | 21.53 2.47 53.18 | 60+30
i :ﬂﬂm £ + 18 % m ke -78+
= +

vertical o 0.02 = ;go+

bars o 5.382

= m 20 +
30 =

— —_— 502.2

60 cm 5.

4. |8 mmo T 33 0.36 x [ 53.856 | 0.39 21.00 | 320 1
10 em/ee E 4+24 m kg 10
lateral 2 x
barsa 15 n 9.0'034
cmc/c prapp— : Rk

-

l 1.13. Types in Shear Reinforcement

These types of shear reinforcement arc used :
1. Vertical stirrups
2. Bent-up bars

3. Inclined stirrups.

1. Vertical stirrups : These are the steel bars vertically placed around the tensile reinforcement

at sustable spacing along the length of the beam.

Their diameter varies from 6 mm to |6 mm. The free cnd of the stirrups arc anchored in the
compression zone of the beam to the anchor bars of the compressive reinforcement. See fig. 1.14.

Introduction

Single leg

Double legs =]

Single legged stirmups

Double legged strrups

Four legged stirrup

Six legged sumup

Flg. 1.14

2. Bent up bars along with vertical stirrups :
near the support. These bent up bars resist diagonal
normally. This system is used for heavier shear force.

Some longitudinal bars in a beam can be bent up
tension. These bars arc usually bent up at 45
See fig. 1.15

Verucal sirruss

1o

S, s spacing of

T

3 Benl-up bar

Fig. 1.1

stmups

5

3. Inclined stirrups : Inclined stirrups are also provided generally at 45° for resisting diagonal

tension. They are provided throughout the length of th

c bcam. See fig 1 16

]

Fig. 1.16

S,
Koy
r
Inclined
surmups <
\ 457
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I 2.1. Introduction

Slab is two dimensional clement, used in all type o "
Slabs are classified on the basis ofl—y ratio.
x

{ structures. The thickness of slab remain

very small as compared to its length and width.
= length of longer span
I, =length of shorter span.
Slabs are of following types :

1. One way slab
2. Two way slab

I 2.2. One Way Slab |

1, .
ch the -2 ratio is greater than 2. The one way slab i

One way slabs arc those slab in whi
X

i .
. y
analysed by assuming it to be a beam of 1 m width means T >2. See fig. 2.1. Say room size 3% 6.5 m}

4x83, 2x4.5 m and 4x8.5 m will have independent slab of one way type. This type of slab i

deflected at shorter span.

77777TT7777

TT77TI7iTiizg.

Bending axis ——» f— Bending In

shorter direction

Fig. 2.1: One way Slab

Slab 19
2.1.2. Two way slab

.
The slab which is supported on all the four walls and having’—) ratio as less than or equal to 2, is
X

called two-way slab. Sec fig. 2.2.

' le < c
(i i AT T
] N N
i 1:
i
| Bending S
H axis Z N
i 3
’ ; i/ls2 E P y
y ; R U B W ] B Y/ he2
| X
5 3
E I 3
! S
¥ ] . E R
— X
' (e 7
n le 1 \
! l * *

Bending takes place
along both directions

Fig. 2.2 : Two way Slab
2.2. Ditference between one-way and two way slab

S. No. One-way slab Two-way slab
Lo/
2520 b 2.0
K L
2. Te bending takes place only in one direction. Bending take place in both direction.

[shorter span]

3. Required more depth. Less dept is required.

4. Main steel reinforcement is provided along | Main steel reinforcement is provided along
shorter span. both the span .

5. Less economical More economical

6. Thickness is more Thickness is less

7. Amount is steel riquired is more Amount of required steel is less

EE.S. I.S. 456 : 2000 Recommendations or Design of Slabs

2.3.1. Effective span : (a) For simply supported
L. Centre to centre of supports
2. Clear distance between the supports + effective deplh:l which ever is small
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(b) For continious slab

support is less than Il-" of the clear span, the cffective span should be taken

Where the depth of
as given tn (a) for simply supported slab.

2.3.2. Deflection control

For slabs the vertical deflection limits arc specified by maximum l'dratio

(a) For spans upto 10m
Slab Ud Ratio
Cantilever 7
Simply supported 20
Continuous 26

(b) For slab greater than 10 m. the above value may be multiplied by 10span, except for
cantilever, for which exact deflection calculations should be made.

(c) For two-way slabs of small spans (upto 3.5 m) with mild steel reinforcement, the shorter span
d to satisfy the deflection limits for loading class upto

1o overall depth ratio may be assumc
3000 Nm?.
Simply supported : 35

continuous slab : 40
For high deformed bars — given value multiplied by 0.8

2.3.3. Steel Reinforcement
(a) Minimum reinforcement :
0.15% of the total cross-sectional area.

b : for M.S bars = reinforcement should not be less than

In sla
d bars it should be 0.12% of

In case of high strength deforme

bd.
(b) Maximum diameter : Maximum diameter of the reinforcing bar in a slab should not exceed

%Ul of the total thickness of the slab.

(c) Spacing :
1. Minimum distance : rallel main bars shall

not be less than.
o the diameter of bar

¢ 5 mm more than the no
(ii) Vertical distance between tw

(i) Minimum horizontal distance between two pa

minal maximum size of coarse aggregate used in concrete.
o layers of main reinforcement shall not be more than

® |5 mmor

2 . . .
o = rd of nominal maximum size of aggregate

& Maximum size of bar
2. Maximum distance :

Slab
(i) The spacing of main steel 1n a slab should not exceed
e 3dor
e 300 mm
(1) Spacing of bars to act as distiibution steel shall not exceed
e Sdor
e 450 mm
(d) Cover : Nominal cover to be provided in a slab1s 20 mm.

() Bent-up-bars : Generally alternate bars are bent-up at a distance of 0.15 for = from the

23

centre supports. See fig.

R I Y

Man steel D!

7
7 ‘/J v7—}

7]

AN e

/A
A S

./ +——Walbeam I 4

7 /
A )
L4

Fig. 23

The bar available at the upper f: hoo I
pper face should be more than E(OAI [) from the centre of support.

Cantilever slab
lTh‘: points to be considered in design of one way cannlever slab are following
Thepomsto » v lowing :
The effective span of cantilever slab is equal to the unsupportad or projecting length of slab
2. The i o -
2. The clear depth at fixed end is maximum and is assumed to be about Bt o 0
10 127

3. The depth required at the free end ini i ol
e end is minimum and is kept 3 to goﬁhc depth at fixed end.

—;The main reinforcement is provided at the top and is to be curtailed at appropniate point
b wm:i?eprlzlll(;‘::;:;\;:‘:fcnon:1] plan and sectional elevation of a simply supported one way
size of room =4.5 x85 m
end cover =20 mm
thickness of slab = 150 mm
wall thickness = 300 mm

bearing of wall = 200 mm
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Reinforcement :
Main bars = 12 mmo« 150mm ¢ ¢, alternate bars bent up
Distnbutien steel = § mmd a 200mm ¢
Weight | Welght

| { bar Shape of bar Dia of | No.of | Length L
\S;. | Type s7bx ! P bar bar (m) (kg/m) | (kp)
- ’e
1 Main bars

(1) Straight [N J 12 10 | 486 0.89 129.76

| (1) Beat up 12 29 | 494 089 1275

; bars \ /
2 | Dutmbutien — 8 33 |88 |039 11402

| bars

’ Total (W) | - 37128

| 5% = I8 S6

' wastage

389.844
=390 kg
Calculation for length of Bar :
-2x20

(1) Length of straight bars (main) = 4500 + 200 + 200

= 4860 mm = 4.86 m

0. bars =
Total no. of main 150

Straight bars = 30

"
8500+200 ) _5g.41=59 bar

(i1) Length of bent up bars = length of straight bar + 2 x 042 H
H =150—2%20-12=98mm =0.098 m

Length of bent up bar =486 +2 x 042 x0098 =4.94 m

No of bent up bars =29
(iii) Length of distnbution bars = 8500 +200 +200-2
=8860 mm or 8.86 m
4500+ 200
—_—
200

No. of distribution bars at bottom = |

x 20

=235+2=24.5=25bars

Providing 4 distribution bars at the top bars on each side

Total no. of distribution bars =25+ 4 +4 =33 bars
Note — Use HYSD bars clear cover = 20 mm

Slab

Sce fig. 24
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1
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1
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]
i
|
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1
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3P WLLCG) B Suay 2|

=

/—12 mmj 300 mm oo

[~ 0mmy 200 /e

[Aanans

Ca_a_a

AN

— Temperatura bars

]— 12mm@ J00 mm c/c

/// 4500
7
200+
4700

]

_
Section A-A (Along short span)
Fig. 2.4 : Sectlon AA (Along Short Spaon)

Example 2. Draw a bar bending schedule for a cantiley
projection 1.5 m with the following data :

thickness at free end = 80 mm
thickness at fixed end = 150 mm
Main bars =126 () 150 mm c/¢ (HYSD bars)
Dustnibution stecl =8 mm¢ ' 200 mm ¢/c
Supporting beam = 300 x $00 mm sizc

8mm ¢ 4 Nos
other aide lakan
as distribution

¢r slab to act as a balcony
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Main bars =3 =209,
Anchor bars =2-12¢
Surrups = 8¢ 200 mm c/c
Width of slab=2.5m
Also prepare the bar bending schedule.

Sol. Bar bending schedule for slab

S. | Type of bar Shape of bar Dia of bar | Naof | Length [ Welght Weight
No. (mm) bars (m) (kg/m) (kg)
1. | Main bar r‘_a 12 18 2.02 0.89 3236
2. | Distnbution 8 9 2.46 039 8.64

bar |G
Total =41 kg
Adding 5% wastage = 41 x0.05 = 2.05 kg

total weight = 41 + 2.05 = 43.05 kg
Calculations : Assuming cover =20 mm, Ly =450, for main bars

Ly =45x12="540 mm

2500
No. of main bars = = +1=17.7= 18
0. of main bars 150

1500
No. of distribution bars = —— +1=8.5=9
o. of distnbution bars ==

Length of main bar =1500 20 + 540 =2020mm=2.02m

Length of distribution steel =2500—2x 20 =2460 = 246 m
See fig. 2.5 : }
2#412mm {

150 Q
/\ r [—112 150 e
v 1] L L L} L Iﬂo
260 %
il 7
X

Slab rerr it

#8mm @ 200cc

[4—— ¥ 8 mmy 2 legged @ 200 mm c/c

k

k Main bars 34 20 mm

7

I

Fig. 2.5 : Section of Slab Showing details of Reintorecment ®

1500 mm |

3.1. Introduction

A beam is a structured clement that primanly resists loads applied vertically to the beam's axis.
Its mode of defection 1s due to bending. Total effect of all the forces acting on the beam produced
shear force and bending moments within the beam, that in tum induce intemnal stresscs, strains and
deflections in the beam. Sce fig. 3.1.

Flg. 3.1 : A statlcally determinate Beam, Bending (8agging) Under the Uniformly distributed load.

~ Beams nrclchamclcnlcd by their manncr of support, profile on (shape of cross-section)
cquilibrium conditions, length, and their material.

[]3.2. RCC Beams
Types of beam in construction

1. Singly reinforced beam
2. Doubly reinforced beam

See fig. 3.2
e b — . 4 fe——b ——»] Poa
& X
cover for e o
‘ ot
0 Au 4 Main reinforcoment
Effective Au steel bars
cover \
® e l
é X
- o] <+— Effective
cover
Singly Relnforced Doubly Reinforced

. Fig.3.2
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3.3. Types of Loading on Beams

W (N'm)

Py Ps

(b) Unitorm Load

{a) Concentrated Point Load

; M

(d) Applied Couple

() Unitorm Varying Load

TR LA

!

Longiuainal section of Simply Supported Beam

=

Main bar
Slirrups

[TTRILLILATLY

Vi

Eftectiva span

v,
Clear span ————: /

N
E

Cross-section of Fixed Beam
Fig.3.3

! 3.4. Deslgn Procedure of R.CC Beams

Singly reinforced beam designed by these steps
| Lffective span
2 Loads

1. Effective span : (a) For beam & slab
(1) Clear span + effective depth I=L +d

() Clear span + width /=L +b Which ever is less.

(b) For contilever beam
Efective span = length of overhanging + effective depth.2
(c) For continfous beam

clear span

(1) If wadth > , take cffective span according to (a)

1
(1) If wadth of support 1s greater than 12 of the clear span or 600 mm which ever 1s less when,

(1) One end 1s fixed and other 1s centinious
Effective span = clear span
(n) If onc end 15 simply supported and other 1s continious
Effects th
Effective span = clear span ++dcp_

or Which ever s less
Width of last colurm
Clear span + —M
2
(iv) For roller of roller beanng
Effective span = Distance berwezn the centre of beannz.
2. Control of deflection : For beams, the vertical deflection limits may be assumed to be
sausficd if the span to depth ratios are not greater than the following
Same as slab
Point (23.2)
3. Reinforcement
(a) Minimum reinforcement : The minimum area of tension stee] shall pot be less than that
given by following
A, 085
od 1,
Where,
Ay =Minimum area of tension steel
b=Breath of beam of width of the web of 7-beam
d =Effecuve depth
S, =Chanactensue strength of reinforcement in N mm -

(b) Maximum reinforcement : The maumum area

of tension remforcement shall ot be
exceed 0.04bD.

. (¢) Side force reinforcement : For beam exceeding the depth of 730 mm. Sile
reinforcement 1s provided to msure lateral stability as well as confinement o moreace the ducnliry of
the beam member. Moreover, this addinonal side renforcement which 1s cot ;meludad i load Q..;;-z:.J
mechanism also helps in dissipation of additional forces )

Asper1.S. 436 : 2000, guidelines for the provision of side face remfo:
web thickness is greater than 750 mm, mould be provided See fig 34

22T

Teement m beams m which
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Nominal cover to meet durability requirements

Espesare cosditicn Nomizal cover (mm) eot e
h Q12

(XBE
Mol =
‘ Sces -
- ‘ 15
<=XCorwer I l | e %
Doress whcT | Erze—s g
ever.8 =S 1 l 2 oroomEes =
‘. i A R 2 Loads:
- |» ’ AN
I} = (A) Dead load :
<«=300 0o Viey | ‘ =
moeess whch } g (a) Depth of beam ¢
) I

F:g,a.d:mzlsotside(aeem!mllnbeamsexwed.ng
TaOmﬂdept_’vasperES(-isé:ZOCO)

(d) Spesmg of remfortemet bas {
' . s s (b) Widih of
(i) Horizontal space : Tk benzoo2l distomc2 bemwesn two pullel shz!] 2ot be lay ) of beam
than the greatest of the followg (B) Live Ioad = Forres s2mn 2l 5
o Duz—crer of the bar if the bars are placed at the seme distamee. (c) Total Ioad on beam per meter 'e“_'
7th

o Diz—eier of the larger baraf the dizmeter of bar are uequal
ERALEL S -ttt

® S more thxn e nominal v size of cearse 22

(ii) Vertical space : Mo eruzal distance betwea

ror

|5z

5
§ rd of nom=zl mav—mum size of azzrezre.

o \Maumem dizmeter of bar.

(e) Nominal cover of reinforcement |
[t skl oot be less than the diameter of bars in 20y case The pomural ¢cover s provided mRCC 4. () Nawral axis =
Desizn for followizg reasozs.
(2) To protect the reinforcerment 2221751 COTTOSIOR. !
|

(b) Provide cover agzinst fire.

(c) To de elop the sufficient bond srengzh along the surface area of the stzz] bar. ]

| (u) Lever Arm =0 8494
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2 |
fnce = M, = 1207

(e Momezt of resd |

S Effectne depth - |

\f,
d= —
R/ 1
Vi ‘
i
6. Reinforcement steel \ ‘
Arca of tensile steel = A = ;:{—_ |
= Checks = (@) Mmumum tensile reinforeement
1, ¢ 4
Q8SAd
4= |
[ |
(b) Shear reinforcement 2 |
wxl ,
(1) Maurmum shear torce =1 = N (¢ =¢lear span) |
}
(1) Nomural sheas foree T, = i

o 1
100N 4, ‘

(1) *s of tensile stecl i secnon = p = —— 77 |

(n) Find 1, oo the basmg p, |
(v) Compare T, and T, Wi T, roy |
(V1) == >7,. oo shear ‘

=1.0r%, =1 (Mumimum shear be prov 1ded 10 the torm of stirrups) |
=y A . -
|

ta]

T, >7, <Timm
Shear remforcement 1n the form of bent up bars and surrups shall be provided.

(¢) Development length :

us'ﬁl'_ido

Ld % Ly =120 and whichever is greater.
T

Here,
Ly =Anchorage length

|
Ld = Development length ‘
A, =['4—“xcr, xZ],AsSU“«bth\eb:enbcm up {

>

Example 1. Draw [-section, and cross section of a simply supported rectangular beam wid

the following data :
Clearspan =4 m
Beanng on walls = 200 mm

— =

Beam 3

Overall depth of beam - 400 mm
\Wdth hol beam 220 mm
Man remforcement - 6-12 mimd bars, 2 bars bent up at 1/ 7 {rom the centre of support. stimups
ommea 200mme ¢

Anchor bars + 2-10 mm ¢ diameter bars

S. Types of Shope of bar Diaof | No. | Leogth | Weight | Total
No. Bar har of | oncbar | (kg/m) welght
bars (m) =TRSO x (kg) =
Arcaof | col(Sx6
bnr(mzl *7 = 8)
1 Aain bars
W s | C— D 12 1| 4am | oso 1106
bar
() Bent up C\__/D 12 2 4426 089 787
bars
2 Hanger bars ( ) 10 2 ERER] 062 S 14
1 [ Surrups 6 20 1176 022 517
Total =2924 kg

Adding 5% wastage - 1 462 kg
Total weight = 30 702
=31 kg
Calculation of bar bending schedule :
Totel length of beam = Clear span + 2 x beanng
=4+2x02=44m
(1) Length of straight bars = Total length of beam— 2 x Ind cover + 2 x99
=43 -25002+2x9%0012=4 |44 m
(1) Length of bent up bar = length of straight bar + 2 %042 |
H =D -2xend cover -2 xdia of surrups — dia of mam bar
=400-2x20-2x6-12=336mor 0336 m
Length of bent up bar = 4144 +2 x 042 x 0336
=442m

() No. of stirrups = LHM‘E +1 =} MBE“Q
spacing | 200

=22bans
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v Yy s | Lanmple 2. Draw a f-sectlon, o cross-sectlon af the mid span, and a cross-scctlon near the
L e o v athaght bat B RN R A ‘ | upport of a simply supported douly reinforced beam from the following data ;
\ " T e stze of beam = 150 x <150
P02 2ae-leNmm clear span =42 m
SN ey i | Deanng of wall = 200 mm
S o e [ Thichness of wall = 300 mm
1170 m | Mam remlorcement HHEYSD = Tensite-3 bars 20 mm, one bar bent up [/ 7, comprsive 2 bars 16
Now e by [ s, sturupy 8 mmd 2 fegged @ 2000mim ¢
S0 man o Anchat Sol. Bar bending schedule
S, I'ypes of Bar Shope of bar Dinof | No.ofl | Length | Welght Total
No. bar hars one (kg]m)‘ welght
| 400 mm (mm) bar =7850 » | (kg) = col.
i (m) Arca of (5x6
t L o | bar (m?) «7 x 8)
[ —
t L h | | Main tensile bar
i l- 000 - ’ I (1) straight bar _\_/_ 20 2 456 246 | 2243
| ' oy ‘ (1) Bent up bars 20 ! 485 246 [ 1193
= B “ 2 14.40
 Mevtive s { = 4200 mmy '[ ‘ 2 [Compressive bars 16 2 4.56 1.58
- b e |
‘ Bt e 20 L Sunps 8 35 | 1se8 | 039 1528
- PAVLILY B 7>‘ I ‘
! U ‘ ‘
! \\ |‘ b2 mme S -
! :lf o Anchor bar / t | Total 6404
v " i Srups 6 ming S I Assume 5% wastage 3202
§ [HS— a2 mmy — ——— . | Total Weight | =67242
| " " Dot up bars 1
.if “: 512 mim o Main bars ‘ - { | Caleulation of bar bending schedule ;
I O (2348 : | Assumed end cover = 20 mm
Saction at mid span Section at suppont Clear cover - 20 mm
Flg. 3.5 ‘ Total length of beam = clear span + 2 x Bearings
‘ =4242%02-46m
Notes = Mud steel bars are used Assunung no hook at the end of bars since they are HYSD bars
clear eover - 20 mm (1) Length of straight bar = Total length of beam -2 x end cover

Vi Gover <20 mm =4.6-2x002=d4.56m

Surmups are hooked arvund the nuin bars for a length of 129 (1) Length of bent-up bars = length of straight bar +2 % 0.42 H

=D -2 xEnd cover -2 x dia of stirrups — dia of main bar
=420-2x20-2x8-20=344mm = 0344 m

AL dimension are e mm unless specified
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i Beam B
¢/cbeanng 4200 +200 0 Example 3. Drax [-scction, x-section and bar bending schedule of a rectangular singly
(1i1) Strrups No. of surrups = W = 200 supported beam with the followlng data :

(i) Clearspan=4.5m

(i) Width of beam =220 mm

(ilf) Overall depth of beam =300 mm
4=450-2x20-2x8=394 mm (iv) Bearing width In support = 200 mm
E = b—2xclear cover -2 Xdia of stirrups

Length of one straight bar =2(4+E)+2xDiaof stirrups bar

4= D —2 xClear cover —2 x Dia of stirups

L
(v) Main reinforcement = 5 No. 12 mmg with 2 bars bent up :l; from the centre support

350~2x20~2%§=254 (vi) Anchor/Hanger bars = 2 Nos-10 mmg

(vii) Stirrups = 6 mmo@ 220 mm c/e
(viif) Materials = Mild Stecl M-20 grade conc.

Length of one stirrups bar =2 (394 +299) +24x3
=1568 mm = 1.568 m

Note : HYSD bars bave used (ix) Cover =25 mm
=20 mm
clear cover " S. No. | Types of Bar Shope of bar Diaof | No.of | Length | Weight | Total
See fig. 3.6 ¢ bar bars | onebar | (kg/m) | weight
2-¢ 16 bars (comp. steef) 1. | Tensile [ ) 12 3 S.16 0.89 13.772
—1-4 20 bar -
_2.‘0 m‘m /__3 mm ¢ 2 legged stimups € 200 mm c/c sn'aighl
P . T

> i 2. | Crank or 12 2 5.37 0.89 9.558
| 7 .:j-o mm bent up bar C\_/:)

3. Hangerbars | ( ) 10 2 5.16 0.62 639

IR

a

7 7
ash 20r|nm 3-# 20 bar

R
N

4200 T
a
L . g
/- - 200 o, 4. Stirrups _L 6 17 1.0 022 374
M
l‘__,{ All dimension are in m }._ B _.|
Total =3346
v % wastage 1.673
35.133
450 Total =35 kg
Calculation
A A Total length of beam = Clear span + 2 x bearings
x 4542x02=49m
p— 350 —'1 1) Length of i = .
(i) Length of straight bar = total length of beam + Hook length— 2 x End cover
Section a1 mid span Section at support =4900+26x12-2x25=5162 mm
Fig. 36 (ii) Length of bent up bars = length of straight bar +2x 0.42 » depth bend

=5162+2x042x250=5372 mm
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Relnforced Cement Concreto (RCC) Drawing

—12mme Hanger bars
38 -

-
’ l 12 mm § Hanger tan
E 5:,—-umermomc:
! 3
b
§ v Ihos 18MM 9
Srraght main bars
‘ BE
X

Secton atY Y
Section at X-X
Fig. 3.8

Calculation of B.B.S.

2 x beanny
Total length of beam = clear span * =

=3500+2 %200

-3500mm= 39m
ght bar = total length of beam — 2~ Endcover
=3900 -2 x25=13850mm
strarght bar *

(1) Bottom strai

2 x depgth of bend)
(b) Length of bentup bar = Length of (042 x depy
—3850+2x042%x250
=4060 mm

(11) Length of hanger bar = Length of straight bar = 3850 mm

3S00+200 | 155 <19 Bars
(i) Surrups = No Ofsllm.lps=—:lm——
Length of surrups =2 (4 + E)+ 23 surmups
1=300-2xclearcover -2 % dua of surmup)
—300-2x25=2x6=238 mm
E =(b-2xclearcover —2 x diaof stirrups)
—350=-2x25-2x6=188 mm
Length of surrups =2/ 4 + F1+24 x0of surmups
=2(238+188 +24x6

614 + 144 =758 mm = 800 mm

|
1. Lap tength of bars 2 Over lapping of two bars in order to sately transfer the load from one

[ bar to another is known as Lap length 1 both bars lave same diameter then Jap length 1y kept S0¢ Sce

’ﬁgl |

‘ ¢ AAAAA AN

| [e—Lap — o When longth of bar ia shon
}-77 500 A"‘l then lap 13 done on bars

Fig. 4.1

Usually remforcement bars have length 40 feet If column or beam has height or length say 65°
then lapping in bars will be done
(a) For flexure tension means bending tension lap = Ldf or 309 which cver 1s greater
(b) For dircet tensions, lap =2 x Ld or 300 which cver 1s greater
() Lap should not be less than 15¢ or 200 mm.
(d) Lap length in compression be Ldf in compression should not £.¢ . less than 246
(¢) I bars have different diameter then minimum diameter of bar will be consider

(N For 1.2.4 cement concerete, mild steel plain bar lap length with hook =58¢ - 8¢ = 400
Seefig 42 and 4.3

CAAAAAAR Mid steel
| Iy VYV
Ll 40
r f—d00—
‘ — 3

| -
| —

Fig.4.2
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@, =stess of steel in compresion = 130N mm~ for Fe 250
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Reinforced Cement Concrete (RCC) Drawing |

2

|
For Square column |
Spwral '

Longitudinal |
reinforcement & '
\ le— Circular column |

Independent
tes of 1ings
Column

& = Longitudinal
Reinforcement

m:ammlﬂﬁmmore«%

whichever is maximum /
°
| L—®
Spacing of pich P \< Prmas = 75 mm or D
p = columns minimum T Whichever is min

Pmn = 25 MMoOr 0y
Whichever is min

Dy = D-2x Cover + 20,

size or 16 o or 300 MM

whichever is minimum j_

f—o—
kD
Clrcular Column

Fig. 4.5
p =25mm or 3¢, which ever is min.

‘Square Column

P

Dk
Pr = 15 MM 07 ry
Dk =D —2xcover +20

which ever 1s mun.
end of bars for plain reinforcement and bends are provide

3. Hooks : Hooks arc provided at the
at the end of bars for nbbed bars. See fig. 4.6.

3, 4

- Y Ribbed steel or

Tor steel or hySD
[
s ¢ “_L
|
i

—_— |

Fig. 4.6

Total length = / +9¢ for on¢ hook

Total length =/ +18¢ for two hook For plain bars with end hook.

Total length = /+4¢ or [ +60 or 1+ 80 for one bend at end for Tor steel

Total length =1+ 8¢ or { +12p or [ +160 for both bend at the end for Tor steel

sheet

) L
One way — E >2— Roomsize =6.5 43 m =One way
Slab

L
Two way—-E <2— Room size =6 x I m = Two way

One way slab means bending will be in short di
rection and load of slab will be sferred
longer walls. e e

Two way slab means bending will be in both d

ircctio
transferred to all four walls. Hence two way slab bears more 1:2:‘:'-};:13&1 Ofvsl“!h or on slab will be
reinforcement than one way. one way slab, but nceds more

1. One way Slab
Room size 3m x 6.5 m
Sec fig. 4.7 :

bar alternate bar tert up

14 mm o 150 mm cc
Dsstribution bar

r‘smme‘mf'nucm@n

12 mm 6 3 Nos Temp

15 mm Top cover
l Ears edhar sude

. / -+ T
End L : /W 130 mm |
cover—i ! ]
25mr:| i - = - 2 P4 N a a al .;_ 150 mm
/ £
| s
L=3m (/7"4' +— Centre fine
) //
d / e was
vars
/
- - 147
L300 i
f T 1=313m 00
f ; ul
I 3.30m 4
Sectional Elevation




Rointorced Cement Concrete (RCC) Dm\mnu

sheet %
Y Cantitever slab s A slib whose e eng
1. s lixved and another ¢

tend b lree The sl

Vamm e R
@ 150 mm e e hept mord deaper than tree end hecase bending moment cus( R G ac Wb fixed end is
Orstibution bar | cattined end Usually the slab
depth at tree end ivusaally kept ol depth ar fived end See fig 4y
VG mm "
<5 @ 200 mm e
200 '"ml Suaight main bar
t 0
- o [ )
/
y
200 wm] - ( [‘ 50 mm
16 nun &
G Judmm
1 Dentup b | Covor 20 mm
/
. | vy i <
w7 -
" im - ~ H k 1000 mm o
! Plan | P a ’\ﬂ/ _
- - 14 mma @ 2 B -
t — 200 mm e'c Mam bar HYSD
Fig 47 —— Sl
9 ‘ 3 | —— ~ = 10mm 5 © 120 mm ¢ ¢ Diat bar HYSD
2. Twva way slab 1 Slab vz Ym s om See fig 48 Coam 14mm 6 @ 200 mm cc
e e — l I_II‘LJ i i Jam ) ”’7‘1
T Twowmaysiad / - 600 mm -+
12 mm 0 3 Noa Temp / |
bars eiher L 0 100 e ¢ K bar / |
bar et cpr by 0 /S , 1esm — — ,.{
15 mm X ( R N & L 4 i
Top cover \/ e bar Lot up HY LD
' N - *J | Cantilover Siab
/¢ |
Il:mmm TY N | /v 1 '
150 mm { I 2 - Al a a a . a l—] ‘/" I ; :
s . \
3 ' | ' le———{—10mm ¢ 120 mm cic
) - Ledm ' L cove | Diztribution bar HYSD
I | —_
]
' ! Froo end
) - : Fied ond |——o»f
1
\ [ o yiam - [ | ———|———[— 200 mm c/c 14 mm ¢ HYSD
],,‘, — N~ — - \ :
¥ | \ 7 200 mm c/c
| | o | L] 14:mm & Matn bar HYSD
¥ ]
| I | ' . 1000 mm ——+f B
Reinforcement | =
= 1 ———— 1500 mm 7—~—._._.f
. I 1"') mm | Plan
3
N A |
e 07m — e 21hm e 07T M o | .
fo—————— 388 ——— —
Fig. 4.8
[}
|




Relnforced Cement Concrete

a6

Beams : Beams arc

horizontal members o0 which load comes Pe

Joad. bending occurs in beam
Beams : Singly renforced-when rein

Doubly reinforced-when renforced 1

Beams

1 tension as well as compr

: Simply supported, continuous,

forced in tension Zone
csslon Zone

fixed, cantilever, T-beam,

L-beam ct¢
Singly RCC Beam
See fig 410

10 mm o Nos anchor bar HYSD

HYSD 16 mm ¢ —y

Ix

3 Nos straight ba

Top cover
30 mm

600 mm

ammo 2 legged sUmups

@ 300 mm ¢/C HYSD
16 mm

55m+056m=606m

10 mm o 2 Nos
Anchor bar HYSD

16 mm o 2 Nos
Bent up bar HYSD

8 mm ¢ 2 Legged strmups
@ 170 mm cic HYSD

16 mm o0 3 Nos. straight bar

& 2 Nos bentup bar HYSD
8 mm ¢ Surmups 2 legged @ 170 mm c/c Hy

|¢—— 530 mm —

o

Section Elevatlon at A-A

Doubly RCC Beam

Reinforced beam is calle

compression, so that the beam can bear more load and beam W

Section at B-B
Fig. 4.10

d doubly reinforced when reinforcement is used i
ill not be over reinforced. See fig.4!

[
(RCC) Drawing

rpendicular on its axis Duc 1|

|

inveried Tee beam ang

l

2 Nos. 10 mm ¢ Hry

16 mm ¢
5 bars HYSD

n tension as well 3

|

|
0o 550?3_0
R A

i

i

|

|

|

|

|

|
|
|

|
[

5hce|

Top cover A = 16 mm
oot __7 r @ JNos bary HYSD —8m
I ‘.‘ -\ ™ & 180 mm o/c HYSD
i
End covel—{» t
40 mm L E : ‘ s
Bodliom cover —| > | 9 @ 560 5
: 530
40 mm / L—A =2 a¥ .
p = 20mm g | Z Zi
A, y 5 Nos_ battom bars A // .
/ y
/) S
; 1=83m—mou ’ ¢
22- —14/
N/ Vi
|-— 300 mm _.‘
! — 16 mm ¢ 3 Nos. HYSD
E
H 8mm ¢ @ 160 mmc/c
3 2legged stirrups HYSD
20mm ¢ 5 Nos bars HYSD
Sectlon at A-A
Fig. 4.11
T-Beam
Scefig4.12,4.13,4.14 :
I 20mm
} 300 mm |
- 3
S mm 120 mm
e
t
350 mm “mm

12 mm ¢ Bars compressian
reinforcement HYSD

25 mm ¢ 3 Nos
Tensile reinforcement HYSD

30 mm

}-v—150mm—>lT

Fig. 4.12

T T T T T e
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torced Cement Concrete (RCC) D’“‘"‘"u

from spreading out and to

rovide stength. See fig. 4.17, 900 mm |

|

50 Reln '
sheet
Inverted-T-Beam uscd in Foundation l &
Qee fig 418 l
| Ccolumn . L ]
RCC column is a —
yertical member on which the [ m— I+
| load comes along ils axis 88
| either axially or cccentrically. T o
e
10 mm ¢ 150 mm ¢S 20mm 63 Nos HYSD Short and long column are R
2 legged stimups HYSD constructed where  short
20 mm c/c 160 mm c/c HYSD —Co"‘m | column is more load bearing —
i —
16mm o _Q - | and long column is less Io;d N 20 mm 8 HYSD
200 mm cc HYSD o °|Bm pearing and usually fails in —H—8mmo 6 240mm e
20 mm ¢ 0 puckling- Longitudinal Independent ties HYSD
| HYS " i g § v
150 e HYSD —ﬂ - rcmforc.nmml is provided Covers0mm 22mm 6 @ 250 mm o HYSD
40 mm along its hcxg_hl and lateral 22mm 6 @ 250 mm cc HYSD
25 mm ¢ 120 mm ¢’c HYSD reinforcement in the form of
independent tics or helical ties 65 Li ; T
Fig. 415 are provided to present the 5°|/ r+-300 mrmf g -
longitudinal  reinforcement v[./_ - — | T8
e s a o o 2 vey|r |
.y
T
|
50

Cantilever beam p
See fig. 4.16: 4.18.4.19,4.20,421 and 4.22.
Fig. 4.17
T 22 mm 6 5 Nos. HYSD le— 350 —! 20mmo
22 mm o 2 Nos. HYSD a
Cover 25 mm - :
| T 10mme &
T T 250 asp 200 mm ccHYSD
| 200 mm |
500 mm £ -
8 mm ¢ 2 legged sUrmups at 150 mm c/c HYSD }‘_ 150
A
20 mm ¢ 2 Nos. Anchor bars HYSD r 10 mm 6 Indepandent ties
r @ 200 mm cc HYSD
3am ——/’!
— l«{—— 20 mm o 8 bars longitudinal HYSD
Flig. 4.16
N
GL | Lap 450 mm cf bars
TR
N Y
T
|
E
E E
80 - : 8
120[/ P
& E
él—.l——l-—l.—-l—l—l—jl—j‘ 18| i
- o
T 300 7 U753 3 v
| pestammey k300 mm-»! L
800 mm ; 75 mm
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Relnforced Cement Concrete (RCC) Drawing

— Column

Slope of footing

Bars in both wai/”q
p— L

Section

10 Nos 20 mm ¢ bars

10 Nos 20 mm ¢ bars

s

CT N

EEEENH
EENE

EEEEN

gheet

portal frame
sse fra t i beam

.Th.b“l mcshare he main parts of structure which combi;

monolllh“:“l y, so that load on each may transfer from one t e i e T
wmfommcm *beam prolonged to meet coluum wi pmpﬂ(; another without any slip. The part
These frames are of segment wise in layer known as storeys. See f?;e‘l:g;nml W e o

: - 4.23,4.24(a), 424(b) and
,42. 425,

Beam

e—— Column

Fig. 4.23
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300 mm

600 '

600 mm
»]
600 mm

@ Bars 16 mm ¢
clc

o el
300 mm —Jfe-re—
600 [[aala
mm ——{mm
i
i
i
Sm—"_"l
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Links @ 300 mm

#—10 mm ¢
1 — 450 mm
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Reinforced Cement Concrete (RCC) Drawing

terally on this well. To keep the

the earth pressure coming la
1one or brick is made. See fig. 4.26, 427,428 and 4.29,

Retaining well
Retaining wall is the wall to retain

soil in vertical posiuon a wall of RCC or §
300 mm
Soil
20mme @ 400 mm c/c HYSD
20 mm ¢ @ 200mmM c/c HYSD
et </*' 16 rmm ¢ @ 200 mm cc HYSD
© 200 mm ¢/c L
[ f
r 1.75m
em | P

20 mm & 400 mm ¢/c HYSD

22 mm e @ 150 mm c/c HYSD

20 mm ¢
@ 100 mm cic
HYSD

One side were filling of soil
in these is called back fill.

Sheet

450 mm
GL l.\":lsomm
LTT7777777777777777 77777
—3—
b 'L‘_ 20mm ¢
200 mm ¢/c
— N A
22mme¢ 1
150 mm c/c b 1] e
o 250 mm o/c
b
J d | 7
» L
16 mm ¢ 200 mm c/c 5 ] e
/\ .
GL
ey I
I'.\ L J w L J L J
8¢ 0 £
Al ik
o
VAR 8

16mm ¢ @ 110 mm c/c
16mm ¢ @ 160 mm c/c

Fig. 427




300 mm

|

|
_\

Reln!

20 mm ¢ @ 160 mm c/c MYED

—=10 mm ¢ @ 160 mm c/c HYSD
20 mm ¢ @ 200 mm c/c HYSD

e b 20 MM & @ 200 mm c/c HYSD

%

S
l

Stem

[ _——450mm—-{

Key

HYSD </,

186 mm ¢
0160 mm ¢/

1.2m——p

20m

600 mm

[orc.d Cement voricrete (HCC) D”lm

Fig. 4.28

Sheet

216m

e
Fq

o

b [1——20 mm ¢ bar

Remec

b

P>

L
][22 mm ¢ bar

4 4| 18cmec
p <
T p
p <
p L
P “ 20 mm ¢ bar
18m|p r 16cmce<
6m p L
p <
p o
T p A
b <
b L
b 4
[+—— 16 mm ¢ bar
§ 9 8cme-c
S L
204m
L
p L
|
Wmﬂmﬂ i ;
. T
-3
12 mm 6 bars Y 20 mm ¢ bar 9 cm c¢ 1Bmme
p < 1€cmcec
135¢cmec mT“OW'35mcc i
1 p L i
(---ch v v)"'V-""""
)9
|
3Scm
| e W U P B S I S S
Yy a a
L16mm014..';t:mc—c Ly =
Scm ’

! |
1m‘-¢‘ Toemse— o3 — | |

|

70 cm
12mme
10emcc

X-Section

|
i
2

Fig. 4.29



132

Reitorore YT e

Cantilever type retaining wall
Fig. 4.30

Sheet

prawing of Intze Type Water Members ang Reinforcement. See fig. 430 and 431

Exercise ¢ Design of Intze water tank
Name of work :
| Tank capacity 1000000 Ltr 1000 m? 1.00 mr
Rl < Vil 16.00 mx Foundation from GL. ¢} ppy?
3. Live load on Dome 1.50 kN/m 2 Finishes load 10 KN/m?2
4. Intensity of wind 1.50 kN/m 2 wt of water 250 kN‘m?
5. Number of 8 No. Bearing capacity of earth 24 N/ 2
columns
6.  Concrete M 20 Unit weight 24 kN'm?
G 5N/mm? m 13
St 7N/mm? Q 0.897
6.  Steel HYDS fy 415 Tensile stress (Tank) 150 N‘'mm?
Resistance o Oy  12N/mm? (<% 1.7 N'mm?
cracking
7. Nominal coyer 25 mm Effective cover 40 mm
8. Depth/dismeler 1 0.75
Ratio
Top Dome 8 mm ¢ 160mm c/c both way
(main/distri.)
Top ring Beam (B,) 12 mm¢ 8 nos.
two leg. stimups 8 mm ¢ 300 mm c/c
Vertical watt
2m fromtop hoop ring 10 mm ¢ 190 mm c/c both side
4mfromtop hoop ring 16 mm ¢ 250 mm c/c both side
8mfromtop hoop ring 20mm ¢ 190 mm c/c both side

ol



Ba

2 m from top Distri. steel
4 m fromtop Distri. steel
8 m from top Distri. Steel
Bottom Ring Bear 1
Main 20 mm¢
Distri. Steel 10 mm ¢
Conical wall
Main 25 mmo
Distri. Steel 10 mm¢
Bottom Spherical Dome
Bottom Circular Cirder
Main top 25 mm¢
Vertical 12 mm¢
stirrups
Main bottom 25 mmd
Vertical 10 mm ¢
Stimpus
Columns Supporting tower
Main 32 mmd
Lateral 10 mm¢
Bracing Main 25 mm¢
Stirrups 10 mm ¢
Circular Beam for Reft
Bottom 25 mm¢
top 25 mm¢
Reft Foundetion slab
main 25 mm o
Distribution 12 mmg

10 mm ¢
10 mm¢
10 mm ¢

[nforced Cemens v vis \nLg
Re ) Oray,

260 mm ¢/c both side

170 mm c/C both side

130 mm c/c both side

18 Nos.
130 mm c/c

190 mm c/c
130 mm ¢/c

6 Nos.

110 Nos. 4 Leg. Stimups

5 Nos.

300 mm ¢/c 2 Leg Stimps

8 Nos.
300 mm c/c

4 Nos. at top and
bottom

300 mm c/c 2 Let. stirmps
6 Nos.
3 Nos.

200 mm c/c

180 mm c/c

sheet

Top ring beam
300 x 300

f——— 1200m -
|
800 m
\
Bottom ring beam :
1200x600mm | | Conical dom
_____ p— | 600 mm thick
ng | ""Beam T TT7" 1
Bottom ring beam 300;mm 2 T
mm
1iso m /
| —2.00
Bottom: ' ! a7/
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