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AIMS
To be able to select suitable reinforcement and section required for reinforced cement concrete solid

floor / roof slab.

To be able to select suitable reinforcement and section required for reinforced cement concrete
column,

To be able to select suitable reinforcement and section required for reinforced cement concrete stair
slab.

To be able to select suitable reinforcement and section required for reinforced cement concrete
footing for brick wall and reinforced cement concrete wall.

To be able to select suitable reinforcement and section required for reinforced cement concrete
column footing.

To be able to select suitable reinforcement and section required for reinforced cement concrete
cantilever retaining wall.

To be able to supervise the placement of reinforcement for all types of reinforced cement concrete
works.

To be able to acquire preliminary knowledge about pre-stressed concrete.

SHORT DESCRIPTION
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Design of reinforced cement concrete one-way & two-way slab, stair slab, column, wall footing, column
footing and cantilever retaining wall; Pre-stressed concrete and Miscellaneous RCC structures.

DETAIL DESCRIPTION
Theory:

1. Understand the concept of floor/roof slab.

1.1 Describe different types of reinforced cement concrete floor/roof slab.
1.2 State the loads to be considered in designing reinforced cement concrete floor slabs.
1.3 State the way to determine the dead load and live load.

1.4 Compare between one-way and two-way solid reinforced cement concrete slab.

2. Understand the principles of designing reinforced cement concrete one-way solid slab.

2.1 State the minimum thickness of reinforced cement concrete one-way slab.

2.2 Explain the necessity of shrinkage and temperature reinforcement in one-way slab.

2.3 Mention the steps to be followed in designing reinforced cement concrete one-way slab.

2.4 Design reinforced cement concrete one-way slab with supplied data in both WSD and USD methods.
2.5 Design a reinforced cement concrete cantilever slab in WSD method.

2.6 Design a one-way reinforced brick (RB) slab in WSD method.

2.7 Calculate the load carrying capacity of a one way slab with supplying data.




3. Understand the principles of designing reinforced cement concrete two-way slab.
3.1 State the minimum thickness of reinforced cement concrete two-way slab.
3.2 Explain the use of bending moment coefficient in designing reinforced cement concrete two way slab.
3.3 State the meaning of column strip and middle strip in two-way slab.
3.4 Design reinforced cement concrete two-way slab with supplied data in WSD method.
3.5 Explain the necessity of corner reinforcement in two-way slab.
3.6 Design a reinforced cement concrete balcony slab in WSD method.
3.7 Calculate the load carrying capacity of a two way slab with supplying data.
4. Understand the principles of designing reinforced cement concrete stair slab.
4.1 List various types of stair.
4.2 Mention the relation between tread and rise according to American standard and BNBC.
4.3 State the formula used in calculating weight of waist slab and steps.
4.4 Design reinforced cement concrete stair slab in WSD method.
5. Understand the principles of designing reinforced cement concrete Axially Loaded columns.
5.1 Describe different types of reinforced cement concrete column.
5.2 State the minimum size and minimum number of rod required for tied column and spiral column.
5.3 Explain the effective length of column.
5.4 Describe reduction factor of column.
5.5 Determine the spacing of lateral ties and spirals of column.
5.6 Determine the safe load on column (by using table).
5.7 Design a reinforced cement concrete tied column.
5.8 Design a reinforced cement concrete spiral column.
6. Understand the principles of designing reinforced cement concrete footing.
6.1 Determine the width of foundation bed of spread footing and RCC wall footing.
6.2 Describe the critical section for moment, shear and bond of brick wall footing and concrete wall footing.
6.3 Design a reinforced cement concrete footing for brick wall.
6.4 Describe the critical section for moment, shear and bond of concrete column footing.
6.5 Design the independent reinforced cement concrete square and rectangular column (blocked) footing.
6.6 Design the independent reinforced cement concrete square and rectangular column (sloped) footing.
6.7 Design of a combined footing.
7. Understand the principles of designing reinforced cement concrete cantilever retaining wall.

7.1 Describe the different component of a cantilever retaining wall.




7.2 Calculate the earth pressure related to cantilever non-surcharged retaining wall.

7.3 Find out the position of the resultant pressure of weight of retaining wall and earth pressure for non-
surcharged retaining wall.

7.4 Explain the factors affecting the stability of cantilever retaining wall.

7.5 Determine the maximum and minimum pressure on the foundation bed due to different condition of
eccentricity.

7.6 Design a reinforced cement concrete cantilever non-surcharged retaining wall.
7.7 Check the stability of cantilever non-surcharged retaining wall.
8. Understand the concept of pre-stressed concrete.

8.1 Define pre-stressed concrete.

8.2 Compare the advantages and limitations of reinforced cement concrete and pre-stressed concrete.
8.3 Describe the properties of concrete used for pre-stressed concrete.

8.4 Describe the properties of steel strand used for pre-stressed concrete.

8.5 Describe the procedure of pre-stressing the wire/tendon pre-tensioning.

8.6 Describe the procedure of pre-stressing the wire/tendon post-tensioning.

8.7 Mention the uses of pre-stressed concrete in Bangladesh.

9. Understand the typical drawing of miscellaneous reinforced cement concrete structure.

9.1 Explain the Re-bar placement of the following structures:

a. Raft/Mat foundation

b. Combined footing and cantilever footing

c. Pile with pile cap

c. Basement floor

d. Column and Beam Connection

e. Two-span box culvert

f. Bridge deck slab of T-beam

g. Counterfort retaining wall

h. Flat slab & Flat plate slab

i. Ramp

J- Helical stair slab

k. spiral stair slab

I. Overhead water tank of rectangular and dome shaped.

m. Under ground water reservoir of square, rectangular and circular shape.
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» Step-1: Load calculation:- w
Effective span L = ..... m (short direction of panel)

. _ L L L L .
Assume slab thickness, t = v (S.S) 0 (S. C)’E (F.C) P (Cant.)=........

Consider 1 m. or 100 cm strip of slab,

Self wt. of R.C.C slab = 1x1x Fto X 2400 =.............. kg/m? of slab
Liveload.........cocoiiviiiiiiiiiia, e kg/m? of slab
Floor Finish...............cccoovvvienne, IR kg/m? of slab
Moveable load................cooevvnnnn. S e kg/m? of slab
W= iriininnn, kg/m? of span

~ Total load , w = w x L = kg.
» Step-2 : Max™ vertical shear-v

* For Simply Supported & Fully continuous sIab,V:%Z ....kg.

* For Cantilever slab,V=w=..... kg.
* For semi cont.slab. (a) For cont.edge V;, =0.6 w=.....kg
(b) For dis cont.edge V; = 04w =..... kg

» Step-3:Max™ Bending moment :( M)

2 2 2 2
M = % x 100(S.S), % x 100(S. C),% x 100(F. C),% 100(Cant.), =

> Step-4: Effective depth —(d)

— M _ _ n _
d= Rb—...cm k_n+§—§_""
J= —E:
3
R=§Mk= .......
b =100 cm

Using 12 mm @ bar and 2 cm clear cover,
The total cover =2 + 12—2 =2.6cm.
~ Total depth=d+2.6=.......... cm < 1t assume thickness

(Hence Ok)

.....kg-cm




o ACCeptable tOtal depth ,d = t assume thickness cm
oS ACtuaI EffeCtIVG depth, d = ( t assume thickness — 2.6) =...CMm

> Step-5: Area of tensile steel-A.

As = % = ...cm?
Using 12 mm ¢ bar, ag = 1.13 cm?
~ Spaccing , S = % =...cm c/c < 3tor45cm
» Step-6:Cheek fosr shear stress-v
V== kglom®< Vs V. =0.292 Vfc
(Hence ok)

No web reinforcement is required.
» Step-7: Cheek for bond stress - u

_ Vv _ _100 .
us= Zojdz 0= Nm@=—xm x@=....cm
= kg/lem?< U Uan = 3'2“:/“ ....... = kg/cm?
(Hence ok)

» Step-8: Area of temperature bar - A’
A’ =0.0025 bt = cm?
Using 10 mm ¢ bar tamp.bar, ag= 0.79 cm?
~ Spaccing S = 222X% —  cm c/c< 5t or 45¢cm

» Step-9: Sketch:

10mmo@X ; em o0 10mm 0@ 2X ; eme/c Cranked bar
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WSD Method
» Design 4m x 8m simply supported slab following by the given information.

Information: live load = 350 kg/m?f’'c=210 kg/m? u=21.0 kg/m?
Floor finish =120 kg/m?fc= 94.5 kg/m? n=10

Movable partition =70 kg/m? fs=1400 kg/m?

Suspended Selling = 60 kg/m?V¢=4.0 kg/m?

Solution:

> Step-1: Load calculation:- w

Effective span length, L= 4m (short direction of panel)

_4X100

Assume slab thickness, == = = 16Ccm
25 25

Consider 1 m. or 100 cm strip of slab,
Self wt. of R.C.C slab = 1x1x-—-x2400=384kg/m? of slab

Liveload.........cooovviiiiiiiiiiiin, =350 kg/m? of slab
Floor Finish..............cocoviiiin.., =120kg/m? of slab




Moveable load.................ccooeuinn. =70kg/m? of slab
Suspended Selling............................... = 60 kg/m?of slab

w =984kg/m of span
~ Total load , w =984 x 4= 3936kg

» Step-2:Max™ vertical shear-v

For Simply Supported slab, V= = = ?’Zﬁz 1968kg

2

> Step-3: Max™ Bending moment :( M)

M=22 = 224 5 100 = 196800 kg-cm

» Step-4: Effective depth —(d)

M 196800 10
d:\/ﬁ = \/ =11lcm k= —z00 =0.403

16.49x100 10+55%

0.403

J=1-——=0.866
R= X 94.5 X 0.866 X 0.403=16.49
b=100 cm
Using 12 mm ¢ bar and 2 cm clear cover,
The total cover=2+%=2.60m
=~ Total depth=11+2.6=13.6cm<16 cm

(Hence Ok)
~Acceptable total depth, d= 16cm

~Actual Effective depth d= (16 -2.6) =13.4cm
> Step-5: Area of tensile steel-A.

. 196800
S 7 1400%0.866X13.4

=12.11cm?

Using 12 mme bar, a,=1.13 cm?

100x1.13
12.11

~Spacing, S = =9cm c/c < 3tor45cm

> Step-6: Cheek for shear stress-v

1968
100x13.4

=1.47kg/cm?<v, v.=4.0 kg/m?

(Hence ok)




No web reinforcement is required.

» Step-7: Cheek for bond stress- u

1968
41.88X.866x13.4

= 405kg/Cm2 < ualluau=21.0 kg/mz
(Hence ok)

> Step-8: Area of temperature bar-A".
A’,=0.0025 100x16 =4.0 cm?

D 0=N7T(p=¥ X 1 X 1.2=41.88cm

Using 10 mme bar temperature bar,a,=0.79 cm?

02X272-19 cm c/e<5t or 45cm

~Spacing S =

> Step-9: Sketch
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USD Method

++ Design 4m x 8m continuous slab by the following information,

Information: live load = 350 kg/m?
f'c=280 kgim?

Floor finish =100 kg/m?

n=10 f£,=4200 kg/m?

Solution:

» Step-1: Ultimate Load calculation:- w

Consider 1 m. or 100 cm strip of slab,

Effective span length, L= 4m (short direction of panel)

_4x100 _

Minimum thickness of the slab, tzé == =11.42cm=~ 16cm




Self wt. of R.C.C slab = 1x1x%x2400=384 kg/m

Floor Finish....................oo =100 kg/m

Total D. load ,D. L =484kg/m
=~ Total Ultimate Load=1.7 x 350 + 1.4 x 484=1272.6 kg/m?
=~ Consider 1m strip of slab,
Total Load,w,, = w, X L = 1272.6 X 4 = 5090.4 kg

» Step-2:Max™ vertical shear-v

50904
T2

For continuous sIab,V:% = 2545.2 kg

Step-3: Max™ Bending moment :( M)

2 2
M=t = 2222 ¢ 100=169680kg-cm

12

> Step-4: Effective depth —(d)
(i) Steel ratio,p,, = 0.85[{1% X

=0.85 x .85 22 x — %117 _ .0285
4200 61174+4200

(if) Maximum Steel ratio, p,,,4, = 0.75 X 0.0285 = 0.0214
(iii) Steel ratio, p = pqr = 0.0214

6117
6117+fy

We know,
my, = @my
Here, ¢ = 0.90 b=100cm
m, = pfybd?(1—0.59p f_’c)
" T fy
f'c
m, = @pfybd?*(1 —0.59p E)

169680=0.90 X 0.0214 X 4200 X 100d?(1 — 0.590.0214 =)

d =508=55cm
Using 12 mm ¢ bar and 2 cm clear cover,
The total cover=2+12;2=2.60m
=~ Total depth=5.5+2.6=8.1cm<16

(Hence OK)
~Acceptable total depth, d= 16 cm

~Actual Effective depth d= (16-2.6) =13.4cm
> Step-5: Area of tensile steel-A.

A’ bd d 0.0214Xx8.9x4200
ay = Y _ _ _pPAjy_ _ pafy _ = 3.6cm?
0.85f'cxb  0.85f'cxb  0.85f'c 0.85Xx280
m, 169680 ,
A = = 4.13cm

ofy(d-9) ~ 0.90 x 4200 (13.4 -2




Using 12 mme bar, a,=1.13 cm?

~Spacing, S =102X1§'13:18.180m ~ 18cm c/c < 3tor 45cm

> Step-6: Cheek for shear stress-v

w, Xd
100
8.9
= 25452 — 1272 X —

100
=2431.94 kg/cm?

V,(critical) =V, —

V,,=0.53¢,/f'c = 0.53 x 0.85v280 = 89.10kg/cm?

Vy  2431.94 2
v, =14 = = 2.73 kag/lcm-<v
¢ bd 100x8.9 9 cu

(Hence ok)

No web reinforcement is required.

> Step-7: Cheek for bond stress- u

_ 2545.2kg

cm?

Maximum shear .

_6.39 f'c __639V280
Ugilowable = D - 1.2

= 89.10kg/cm? > 56.26kg/cm?(max)

(Hence ok)
Uy = 56.2 kg/cm?
- N _ 2542.2 _
ZO_¢uall(d—%) ~ 0.85x56.2x(8.9-2°) 7.38cm

100%3.1416x1.2
7.38

= 51.08cm

Spacing, S=S =

But actual spacing 33.5 cm c/c.

> Step-8: Area of temperature bar-A".
A’¢=0.0025b x t =0.002 x 100 x 16 = 3.2cm?

Using 10 mme bar temperature bar,a,=0.79 cm?

100x0.79
3.2

~.Spacing S = = 24 cm c/c<5t or 45cm

» Step-9: Sketch
I A/Iﬂznmq)@ztlcm o'c
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Design a cantilever slab following by the given information.
Information: Span Length, L=2.5m
live load = 450 kg/m?f'c=210 kg/m? u=33.0 kg/m?n=9
fc=94.5 kg/m? f,=1400 kg/m?V c=4.2 kg/m?

> Step-1: Load calculation:- w

Effective span length, L= 2.5m Assume slab thickness,

= L _ 25x100
12 12

= 20.83cm = 21cm
Consider 1 m. or 100 cm strip of slab,
Self wt. of R.C.C slab = 1x1x-—-x2400=504 kg/m? of slab

Liveload............cooviviiieiiiiin =450 kg/m? of slab

w =954kg/m of span
~ Total load ,w=w X L = 954 x 2.5 = 2385 kg
» Step-2:Max™ vertical shear-v
* For Cantilever slab, V=2385kg.
» Step-3: Max™ Bending moment :((M)

M=22 = BEE ¢ 100=208125kg-cm

2

> Step-4: Effective depth —(d)

d= / 298125 _13.82cm k=—2>=0.378
15.61x100 9+m




0.378

le-T =0.874=.......

R =~ X 94.5x 0.874x 0.378 = 15.61 b=100 cm
Using 12 mm ¢ bar and 2 cm clear cover,

The total cover:2+12;2=2.60m

=~ Total depth=13.82+2.6=16.62cm<21 cm

(Hence OK)
~Acceptable total depth, d=21cm

~Actual Effective depth d= (21-2.6)=18.2cm
> Step-5: Area of tensile steel-A.

. 298125
S 7 1400%0.874x18.2

=13.39cm?

Using 12 mme bar, a;,=1.13 cm?

100x1.13
13.39

~Spacing, S = =15cm c/c < 3tor 45cm

Using 12 mme bar @15 cm c/c

Curtailment of steel:

Thickness of considered section,

t =10+ (2 2;4 0 1.25) = 15.5cm
Avg. Thickness, t:15'52+10 = 12.75cm
According to avg. thickness,
Design Load:
(i) Selfwt. of slab= == x 1 x 2400 = 306 kg/m
(i)  Live load =i =450 kg /m
w = 756kg/m
Bending Moment:
756 x 1.252
= ———— %100 = 590062.5kg — cm

Effective Depth:




59062.5
15.61x100

but effective depth at mid span d=15.50-0.8=12.70cm

=6.15cm

Area of Tensile steel:

. 59062.5
S T 1400%0.874X12.70

extra steel at support=(13.39/2)=6.70 cm? >3.80 cm?

=3.80cm?

> Step-6: Cheek for shear stress-v

|4 2385
V=L =

bd ~ 100x14.2

(Hence ok)

No web reinforcement is required.

= 1.68kg/cm?<v, v.=4.20 cm?

» Step-7: Cheek for bond stress- u

_ v 2385 _ _100 _
u_z ojd ~ 43.73X0.874X14.2 2 0—N7T(p—11_5 X X 1.2=43.73cm
= 430KgIem? < ugitn=>20=29.25kglcm?
(Here ok)
> Step-8: Area of temperature bar-A".
21+ 10
t= > = 15.5cm

A’¢=0.0025 b x t =0.0025 x100x15.5= 3.875¢cm?

Using 10 mme bar temperature bar,a,=0.79 cm?

100x0.79
3.875

=20.00cm c/c<5t or 45cm

~Spacing S =

» Step-9: Sketch
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» Design a RB slab by the following information,
Information: wall thickness=25 cm
Live load = 250 kg/m?f’c¢=180 kg/m?
Floor finish =150 kg/m?fc= 94.5 kg/m? n=10
Movable partition =50 kg/m? fs=1350 kg/m?
V¢=3.92 kg/m? v=17.5 kg/m?

Solution:
» Step-1: Load calculation:- w
Free span length of slab =3.75m
Wall thickness=25 cm
Effective span length, L= 3.75+0.25=4.00m
According to ACI code, Minimum slab Thickness,

L 4%x100
:E = Py = 16cm
According to 0.33L,Slab thickness, t=0.033x400=13.2cm
Slab Thickness, t=16 cm

Consider 1 m strip of slab,
Self wt. of R.C.C slab(50%) = 0.5x1x-—x2400=192 kg/m? of slab

Brick weight (50%)........... =O.5XIX%X1920 =153.6 kg/m? of slab
Liveload..........ooiviiiiiiiie i =250.00kg /m? of slab
Floor Finish...........cccoooiiiiiiiiiiiiiiiii, =150.00kg/m? of slab
Moveable load. .......ocooviniiiiiiieieinnn . =50.00kg/m? of slab

w =795.6kg/m of span
=~ Total load, w = 795.6 x4= 3182.4kg.
» Step-2:Max™ vertical shear-v
_3182.6

* For Simply Supported sIab,V:% =——=1591.2kg
» Step-3: Max™ Bending moment :( M)

2 2
M=2= = 22 5 100 = 1591.2....kg-cm

> Step-4: Effective depth —(d)

159120 10
d= =10.94....cm k=w=0.375
13.29X100 10+~

0.375

J=1-=2=0.875
R= % x 81 X 0.875 x 0.375=13.29b= 100 cm

Using 2 cm clear cover,
The total cover =2cm
-~ Total depth=10.94+2 =12.94cm<16cm




(Hence Ok)

s =

s =

~Acceptable total depth, d=16cm
~Actual Effective depth d= (16 -2) =14cm
» Step-5: Area of tensile steel-A,

M 159120
s=ET o= = 9.62cm?
fsjd ~ 1350%0.875x14

Using 18mme bar, brick wide =12.7 cm & rib wide =5 cm

~Spacing, § === .. $=12.7+5=17.7cm ~ 18 cm
SXAg — 18x09. 62: 1.73 Cm
100 100
Dia of Steel,D = |5 = 1_73 = 1.48cm ~ 16mm
4
» Step-6: Cheek for shear stress-v
v=L = %2 _ 1 14kg/em?<, 1.=3.92 kglcm?
bd 27.95%0.875%x14
(Hence ok)
No web reinforcement is required.

» Step-7: Cheek for bond stress- u

v 1591.2 _ 100 B
=S o7d — 2795x0875x14 D o—Nmp—— X 1 X 1.6=27.95cm
3. 23\/18

= 4 65kg/Cm < uauua”
(Here ok)
» Step-8: Area of temperature bar-A".

A’=0.0025 b x t=0.0025 x100 x16 =4 cm?
Here, Spacing=30 cm

= 27.08kg/cm?

100a
~Spacing, S =——
S
SXA’s _ 30%4
100 100 1.2cm?

Dia of Steel,D = \/‘TS /12 = 1.24cm =~ 16mm

~Using 16 mm ¢ bar @30 cm c/c.

» Step-9: Sketch

% 2.9 g€ O FCO YIYA TIRE (F1C I o] fefy
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| w_=load taken by short direction fe——— A =
| w, = load taken by long direction A / / /)

| 5, = Oy | //
! ' |/ /
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> Design Steps of Two way slab for case:1
» Step-1: Load calculation-w:

. 2(L+ 100
Assume max™ slab thickness, t:%z... cm =9 cm.

Here, L= length of long span & S= length of short span
Self wt. of slab=1 x 1 x ﬁ X 2400=  kg/m?

Liveload=..............cc.oooeeiniinn, = kg/m?
Floor finish=........................... = kg/m?
w=..... kg/m?
» Step-2 Max™ vertical shear force-v:
Here, mz% = ..

L= length of long span & S= length of short span0
a) For Long span, V;=== .. kg

ws_ 3-m?

b) For Shortspan,VZ:?x =

...kg




Step-3 max™ B.M-M:
m=>= ...

a) For Short span

(1)(-) ve B moment at cont.edge = CWS? x 100
=kg-cm

(2)(-) ve B moment at discont. edge = CWS? x 100

=kg-cm

(3)(+) ve B. moment at mid.Span = CWS?2 x 100
= kg-cm
b) Forlong span
(1)(-) ve B moment at cont. edge = CWS2 x 100
=kg-cm

(2)(-) ve B moment at discont. edge = CWS2 x 100
=kg-cm

(3)(+) ve B. moment at mid. Span = CWS? x 100
= kg-cm

» Step-4 Effctive depth-d:
For Short span Step-4: Effective depth —(d)

Mmax n
ds= =....cm k=—p=-
Rb n+ie

b=100 R=:fcjk=.......
Using 12 mm ¢ bar and 2 cm clear cover,
The total cover:2+12;2:2.6cm

=~ Total depth=d+2.6=.......... CM<tyssume thikness
(Hence Ok)

~Acceptable total depth, d= t scume thikness CM

~Actual Effective depth d= (t ssume thikness -2.6)=Cm

For long span

_ |Mmax
d;= =....cm
Rb

Using 12 mm ¢ bar and 2 cm clear cover,
The total cover=2+1.2 + 12;2=3.8 cm

=~ Total depth=d+3.8 =.......... CM<tgssume thikness
(Hence OK)

~Acceptable total depth, d= t ssume thikness CM

~Actual Effective depth d= (t ssume thikness -3-8)=Cm

Step-5 Area of tensile steel-A;:

For Middle strip

a) For Short span:(using 12 mm ¢ bar)




(1)(-) veAfor cont. edge—f o = .. cm?

L =X, cmclc.

-~ Spacing, =

(2)(-) veAq fordlscont edge= i -+ cmM?

= Spacing, =—— =X, cm c/c

(3)(+) veA, for m|d span— e = .. cm?

100 x as _

-~ Spacing, = = Xz=cmclc.
b)For long span: (usinq 12 mm @ bar)
(1)(-) veA for cont. edge- = .- cm?

dL
100
= Spacing, = :as = Y, cm c/c

(2)(-) veAq fordlscontedge— o = ...cm?
L

100
ki Y2 cm c/c.

~ Spacing, =

(3)(+) veA, for mld span= =...cm?

fs dL
100 x as _
~ Spacing, = = yzcmclc.

For column strlp.(usinq 12 mm ¢ bar)

a) For Short span:

1) At cont. edge spacing for (-) ve, A.=(x; X 1.5)= cmclc.
2) At discont. edge spacing for (-) ve, A;=(x, X 1.5) = cm c/c.
3) At mid span spacing for (+) ve, A =(x; X 1.5) = cmclc.

b) For long span:

1) At cont. edge spacing for (-) ve, A=(y; X 1.5)= cmclc.
2) At discont. edge spacing for (-) ve, A;=(y, X 1.5) = cm c/c.
3) At mid span spacing for (+) ve, A,=(y; X 1.5)= cmc/c.
Step-6 cheak shear stress-V

Ve =.292\/f'c

a)For short span,V; =%= ...... kg/cm?<vc

b)For long span, V, :%z ........ kg/cm?2<vc.

Step-7 cheakbondstress-V

_3.23Vf
Uazz—Tc
a)For short span,u= U— —kgICm <Ug Yo —N(pn—— XX 1.2
b)For long span,u el kg/cm?<U,; Y o0 —Ncpn——Smax XX 1.2

Step-8 Sketck :
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» Two support connected balcony slab

Total load=wg; + w; = w

wy = w—w;.....(1)

According to deflection of “O” point
we X 5% wy x 1*

8EI ~  8EI

we X st =w; x [*

L4
WS—WZX(E) .......... (2

Ly
w—w; = w; X (g)

w—w; =w; X (m)* [m = %]

w=w; +w; X (m)*
w

Y= T ¥ m)*
(proved)
W, = W—w,
(proved)

> Design a Two support connected balcony slab

» Step-1: Load calculation-w:

Assume the total thickness, t=.... cm
Consider 1 m. strip of slab,m = %

Load in long span,w;, = ﬁkg/m




Load in short span,wg, = w—w; kg/m

» Step-2 Max™ vertical shear force-v:
Here,
L= length of long span & S= length of short span0
a. For Long span, V;=w; X L =...kg
b. For Short span,V,=w, X S...kg

» Step-3 max™ B.M-M:
1) For Short span,M =

wi

wsxS?
2

2
;(L X100 =--kg—cm

X100 =-+-kg—cm

2) Forlong spanM; =
> Step-4 Effctive depth-d:
For Short span Step-4: Effective depth —(d)

Mmax n
dg= / oy —----Cm k=—p=-
n+re

b= 100 cm R=~fcjk=.......

Using 12 mm ¢ bar and 2 cm clear cover,
The total cover:2+12;2:2.6cm

=~ Total depth=d+2.6=.......... CM<tyssume thikness
(Hence OKk)

~Acceptable total depth, d= t scume thikness CM

~Actual Effective depth d= (t ssume thikness -2.6)=Cm

For long span

_ |[Mmax
d;= =....cm
Rb

Using 12 mm ¢ bar and 2 cm clear cover,

The total cover=2+1.2 + %:3.8 cm

=~ Total depth=d+3.8 =.......... CM<t, ccume thikness

(Hence OK)




=~ Acceptable total depth, d= t ccyme thikness CM
~Actual Effective depth d= (t scyme thikness -3-8) = ...cm
» Step-5 Area of tensile steel-A;:
Minimum Area of steel, A;=0.0025b x t = cm?

(a) For Short span:(using 12 mm ¢ bar)
M

5 rerdn -cm?
as=1.13 cm?
= Spacing, S —looxas . cm c/e.

b)For long span:(using 12 mm ¢ bar)

- M = eeoe 2
Asl o cm
a:=1.13 cm?
- Spacing, S = -100 2 . .. cmclc.

> Step-6 cheak shear stress-V

Ve =.292,/f'c

V.
Max™Shear Force, v = =—=...... kg/cm?<vc

» Step-7 cheakbondstress-V

3.23Vf'c

Uai= p

a)For short span,u= U— —kgICm <UgyXo —N<pn—— XX 1.2

_ V2
b)For long span,u =S ojal

= kg/em?<U,; Y. 0 =N<pn:m XX 1.2
> Step-8:length of anchorage or Development:
_ fsxd
a7 4y
According to ACI code,Min™L4=30 cm

> Step-9:Sketch

=--cm

> Three support connected balcony slab

Total load=w; + w; = w
4
Load in short span,w, = eyl - kg/m

Load in long span,w; = w —w, = -~ kg/m

» Design a Three support connected balcony slab




> Step-1: Load calculation-w:

Consider cantilever slab

Assume the total thickness, t=.... cm

L

Consider 1 m. strip of slab, m =

4

1) Load in short span,w, = —— = ---kg/m

m4+9.6

2) Loadinlong spanw; =w —w, = ---kg/m

> Step-2 Max™ vertical shear force-v:

Here,
L= length of long span & S= length of short span0

c. For Long span, V;=w; X L = ...kg
d. For Short span,V,=w, X S=...kg
» Step-3 max™ B.M-M:
WexS?

3) For Short span,M = >

wXL?
8

X100 =--kg—cm

4) Forlong spanM,; = X100 =--kg—cm
» Step-4 Effctive depth-d:

For Short span Step-4: Effective depth —(d)

Mmax n
r odg= / oy eCm k=—p=-

Using 12 mm ¢ bar and 2 cm clear cover,
The total cover=2+12;2=2.60m

=~ Total depth=d+2.6=.......... CM<tyscume thikness
(Hence OKk)

~Acceptable total depth, d= t scume thikness CM

~Actual Effective depth d= (t ssume thikness -2.6)=Cm

For long span




Using 12 mm ¢ bar and 2 cm clear cover,
The total cover=2+1.2 + 12—2:3.8 cm

=~ Total depth=d+3.8 =.......... CM<tyccume thikness

(Hence Ok)

~Acceptable total depth, d= t,csume thikness CM
~Actual Effective depth d= (t ssume thikness -3-8) = ...cm
» Step-5 Area of tensile steel-A:
Minimum Area of steel, A;=0.0025b x t = cm?

a) For Short span:(using 12 mm ¢ bar)
M

Ss fSst
=1.13 cm?.. Spacing, S =

cm

100><as
. cm c/c.

b) For long span:(using 12 mm Q bar)

M
Ag, = fSJdl -cm?
as=1.13 cm?
- Spacing, S _100><as . cm c/c.

> Step-6 cheak shear stress-V
Ve =.292,/f'c

V.
Max™Shear Force, v = =—=...... kg/cm?<vc

No web reinforcement is required.

> Step-7 cheakbondstress-V

_3.23Vf"
Uall_ ® :
a)For short span,u= U— —kg/Cm <Ug; X0 —N(pT[—— XX 1.2

V2
b)For long span,u = Ojd1= ........ kg/cm?<Uy; Y o —N(prr—m XX 1.2
» Step-8:length of anchorage or Development:
_fsxd _
d = 4 = cm

According to ACI code,Min™L4=30 cm
» Step-9:Sketck
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Assume the two way slab shown in figure is loaded with w kg/m? unifamly
distributed load.

* Max™ shearfarce per width a long short span =V,
~ From the above figure the total load on edge Be
=w X Area of ABQC Here

:wx%x Bc x QMBe =s

1 s Be _ s _ WS2
:WXEXSXEQM:_ == =

2 2 4
=~ Average reactoin per unit widths a long Be,
ws? wWs2 1 WS
= +-S= X - = —
4 4 S 4
But max™ reaction per unit width a long be will occur near eantre of Bc and ets

Value may be taken V; = %

+ Max™ shear force per unit width a long long span=V,
~ From the above figare the total load edge AB or DC
=w x Area of PQBA

L—s+L
X X

S
2 2




WS oy = WS 2L | WS 1y WS? 2om
=2 -9 =" & - =T 2x 2o 1) =" A

_ WS? 2s—sm 1 _ WS? 2-m 1
S WS @iy 1 WS o 2

4 m S
_WS2 2-m
== &)

-~ Average reation per unit width a long AB

_WS? 2-m 1 _ WS%2 2-m s
_4(m)xz _4(m)xL
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Diamond Plate Uniform (U) and Concentrated (C) Load Table - Deflection in Inches

Load = Uniform: Ibs/sq. ft; Concentrated: Ibs/ft. of width
Max
Span | Depth Load | Ultimate
{In} {In) 20Ibs. | 40 Ibs. | 60 Ibs. | B0 Ibs. | 100 Ibs. | 120 Ibs. | 160 Ibs. | 200 Ibs. | 240 Ibs. | Rec'd | Capacity
” u - 02 - 05 - a7 09 A2 - 220 440
C 02 04 R i) i) - - - - i (1] 220
8 U - Rill - Ril - 02 03 03 04 580 1160
12" c Rig Eih 02 02 03 03 - - - 290 580
. u - <1 - Eih - 01 Ri} kit 02 660 1320
c <01 ig EiL Eig 01 Eiy - - - 670 1340
- u - <0 - <01 - <01 =01 < 01 2620 5240
c - < =0 =01 - - - - - 2270 4540
u A2 e - - = - = = B0 120
114
[od A0 = = = = = = = X 45 20
- u 2 04 - o7 = 11 14 AT - 220 440
18" c| .03 06 09 11 14 - - - - 165 330
iz u - 0z - 03 - 05 06 o7 ] 500 1000
C 0 0z .04 05 06 07 - - - 375 750
a4 u - i} -- 01 - M 02 02 03 1680 3360
C =.01 01 0 01 02 02 - - - 1260 2520
- A - . - - - - - 1
- U 2 23 80 B0
c 049 18 - - - - - - - 80 160
u - 05 - A0 - .14 A8 23 - 220 440
24" 112
C 04 0B 11 15 A9 - - - - 220 440
a4 u - 02 - 03 - Eit 06 o7 08 720 1440
C Rig} 02 03 05 06 o7 - - - 720 1440
u - 29 - - e - i - - 40 80
a8
c 23 - - - . - - . - 50 100
u - A2 - 24 = i = = = 100 200
i 1/
3 : c A0 A9 - - - - e - aa 100 200
14 U 04 - o7 - 11 14 17 20 360 720
c 03 06 08 11 14 16 - = = 450 800
" . - - - - - - » 4
12 u 26 0 80
36" c 20 - = - - - - == - G0 120
» u - - A5 - 22 29 38 - 220 440
c 06 12 17 23 28 - - - - 330 660
- A = 2 = = = -
a2 | aa |V = i 40 120 240
C A1 21 32 - - - - - - 210 420
u - 25 - AT - - - - - BO 160
"
'q
48 3 C 18 38 - - - - - - - 160 320
u - A1 - - - - - - - 40 80
54" 34
"] P 1v) - - - - — od - g TR
u - B2 - - - - - - - 40 80
1 60" | 34 |—|I _ 1 | 1 1 - ¥ 4
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» Design step of Tied column
% (Without Considering Reduction Factor)
Assuming size of column, =acm x b cm.

L)

«. Gross area of column, Aj=axb = --- cm?
Given permissible axial load, P=.......... kg.
We know, p = .85Ag (.25f'c + fs pg)

S PET e 0.01<0.08

~Selected size of column=... cm X...cm

Area of vertical bar —As

A=AgXPO=............. cm?

Using...mmg bar as vertical bar and supplied area=......cm?> (As)....cm

(Hence ok)

Tie spacing

Tie spacing [using 10 mm ¢ bar as tie]

a) Tie spacing S=16 x Ver. Bardia=......... cm c/c

b) Tie spacing S=48 x tie dia=........... cm c/c

c) Tie spacing S=Least Lateral Dimension of column=......... cm c/c.
Using 10 mme bar as Tie @ (Least value of a,b,c).......cm c/c
Design step of Tied column

(Considering Reduction Factor)

Assuming size of column, =acm x b cm.

2




«. Gross area of column,A,=axb = --- cm?

Effective Height of column, he=....... Cm
Radius of gyrationr=......... cm

Reduction Factor R=1.07 - .008 x %5 1
Given permissible axial load, P =.......... kg.
We know, P =R[.85Ag (.25f'c + fs pg)]
SPET e >.01< .08

~Selected size of column=... cm X...cm
Area of vertical bar —As

A=AgxPg=............. cm?

Using...mmg bar as vertical bar and supplied area=..... .c m*>As... .cm
Hence ok

Tie spacing[using 10 mm ¢ bar as tie]

a) Tie spacing S=16 x Ver.bardia=......... cm c/c

b) Tie spacing S=48 x tie dia=........... cm c/c

c) Tie spacing S=Least Lateral Dimension of column=......... cm c/c.

Using 10 mme bar as Tie @ (Least value of a, b, ¢).......cm c/c

¢+ 5.8 Design a reinforced cement concrete spiral column.
Design step of spiral column

(Without Considering Reduction Factor)

Assuming size of column, D =....... cm.

=~ Gross area of column,Aszg X D? = -+ cm?
Given permissible axial load, P=.......... kg.
We know, p = Ag (.25Fc + fs pg)

SPET 0.01<0.08

~Selected size of column,D=....... cm

Area of vertical bar —As

Using...mmg bar as vertical bar and supplied area=..... .cm®>As....cm?

(Hence ok)
Pitch of spiral

Diaof column D=........... cm.
Assume concrete covering=4 cm
=~ Dia of core concrete, D.=(D-2x 4) cm

Area of core concrete, AC=%Dczcm2




Spiral ratio,ps=0.45(i—i - 1) %= ..........

Volume of course concrete, for | cm ht. of column, v.=Ac x 1=.....

Volume of spiral reinforcement for | cm ht. of column,v,=v xp.=...

Using 8 mm ¢ spiral for one round v, = x D, X as cm3

According to ACI code

1) Pitch < 1/6 x Dc

2) Pitch > 1.5x max size of corse aggregates
3) Pitch > 3.5cm.

4)Pitch<3.5 cm.

» Design step of spiral column

(Considering Reduction Factor)

Assuming size of column, D =....... cm.

=~ Gross area of column,Aszg X D? = -+ cm?
Effective Height of column, he= ....... Cm

Radius of gyrationr=......... cm

Reduction Factor R=1.07 - .008 x %S 1

Given permissible axial load, P=.......... kg.
We know, P =R [Ag (.25f'c + fs pg)]
SPET e >0.01<0 .08

~Selected size of column D= ....... cm

Area of vertical bar —As

A=AgxPg=............. cm?
Using...mmg bar as vertical bar and supplied area=..... .cm?>As...
Hence ok

Pitch of spiral

Diaof column D=........... cm.
Assume concrete covering=4 cm
=~ Dia of core concrete,D.=(D-2x 4) cm

Area of core concrete,AC:%Dczcm2

.cm




Spiral ratio, ps=.45(i—“z - 1) %= ..........

Volume of course concrete, for I cm ht. of column,v.=Acx 1=........ cm3
Volume of spiral reinforcement for | cm ht. of column,v,=v.xp,=....Cm3

Using 8 mm ¢ spiral for one round v = X D, X as =...cm3

S

According to ACI code

1) Pitch < 1/6 x Dc

2) Pitch > 1.5x max size of corse aggregates
3) Pitch > 3.5cm.

4)Pitch<3.5 cm.

JIRT €2 : oY

ST NI : AKRTFT Fiog TS oz Sg4iK
(Principles of Designing RCC Footing)
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| Concrete wall Footing |  Brick wall footing | Independent Column footing |




Step-1:Local calculation

Step-1:Local calculation

Step-1:Local calculation :W

W

Consider 1 m length of
footing

~Super Imposed Load=P
kg/m

Self wt.of footing at 10%
of S.I.L=0.1p

Total load,

w=1.1 kg/m

Consider 1m length of
footing

Assume super imposed
load=p kg/m

=~ Self wt.of footing
assuming 10% of
p=0.1 p kg/m

But given total load=W
kg/m

S.LL(P)==

~Self wt.of
footing=(W-P)
=..kg/m

W

Consider 1 m length of
footing

~Super Imposed Load=P
kg/m

Self wt.of footing at 10%
of SIL=.1p

Total load,

w=1.1 kg/m

Consider 1m length of
footing

Assume super imposed
load=p kg/m

=~ Self wt.of footing
assuming 10% of p=.1p
kg/m

But given total load=W
kg/m

S.ILL(P)=—

~Self wt.of
footing=(W-P)

=..kg/m

Considerl mlengt of footing
~Super Imposed Load=P kg/m
Self wt.of footing at 10% of
SIL=.1p

Total load,

w=1.1 kg/m

Assume super imposed load=p
kg/m

=~ Self wt.of footing assuming
10% of p=.1 p kg/m

But given total load=W kg/m
S.LL(P)==

~Self wt.of

footing=(W-P)

=..kg/m




Step-2: Area of footing

Step-2: Area of footing

Step-2: Area of footing

_Total Load _ w

" B.C of soil B.C of soil
=......m?
~ Width of footing L=
2= ..m
1 - -
=~ Projecttion,
c=2= m

__Total Load
" B.C of soil
w
~ B.C of soil
=..... m?
~ Width of footing L=

=

Projection,

Cte=
4— m

w 2
=—)... M
B.C of soil
L=VvVA=...... m
L—a
C= = ... m

Step-3: Maximum
B.M.M

Net up ward pressure of
soil,

Step-3: Maximum
B.M.M

= S'A#=kg/m2

Mzg (C + %) 2 =kg.cm

Step-3: Maximum B.M.M

w = T=kglm2

_wLC?
2

M

=kg.cm




Step-4: Effective depth-

Step-4: Effective depth-

Step-4: Effective depth-d

d.

1.w.r.t moment-d,,

-
v cm.
Here,V,,:(c — 5)—1;) W
Ve =.292\fc
b=100cm

Use 7.5cm effective
covering

d.

1..w.r.t moment-d,,

-
vy cm
Here,V,,:(c — %) W
Ve=.292\f"c
b=100cm

Use 7.5cm effective
covering

1..w.r.t moment-d,,

_V
v_ﬁ: ...... cm
_ dv
Here,V,,—(c — E) L
Ve =.292,\/f"c
b=100cm
3.w.r.t punching shear do
— Vo _
d°_b0vo_' ...cm
Here,

Vo={L2 — (a + do)2}w

Bo=4(a+do),

1,=.53\/fc

Use 7.5cm effective covering.




Concrete wall footing
Step-5: Area of Tensile

Concrete wall footing
Step-5: Area of Tensile

Independent column
Step-5: Area of Tensile steel-A

steel-A

Using 20 mm ¢ bar -
a,=3.14 cm?

100a;
PRERE

~Spacing S= .cm

c/c

steel-A

Using 20 mm ¢ bar -
a;=3.14 cm?
100a

~.Spacing S= =...cm

As

clc

Using 18 mm ¢ bar -
a,=2.54cm?

No of bar in each side
N=§= ...Nos.

S

Step6: Check for bond

Step6: Check for bond

Step6: Check for bond stress-u

stress-u

)
U_Z ojd

=.....kg/cm?

Here,

Z _loo
0=—XTXg

V,=Cwkg/cm?

stress-u

)
U_Z ojd

=....kg/cm?

Here,
100

ZOZTXT[X(p

V,=(C+ %)a)kg/cm2

Vb
Yojd

Here,

Zo =NXmTXg

V,=CLwkg/cm?

U=

=.....kg/cm?




Step7: Area of
distribution bar

A,=.0025bt=....cm?

Here,b=100cm.

t =total depth
~Usining 12 mme bar
a,=1.13 cm?

1004,
As

Spacing S=
=...cmc/c.

Step7: Area of
distribution bar

A,=.0025bt=....cm?

Here,b=100cm.
t=total depth
~Usining 12 mme bar
a;,=1.13 cm?

1004,
AS

Spacing S=
=..cm c/c.

No Need

Step8: Check for self
wt.of footing

Self wt.of footing
=1xDxLx2400=...kg<A
ssume Wt.

Hence ok

Step8: Check for self

Step8: Check for self wt.of

wt.of footing

Self wt.of footing
=1xDxLx2400
=...kg<Assume wt.
Hence ok

footing

Self wt.of footing
=1xLxDx2400
=...kg<Assume wt.
Hence ok

Step-9:Sketch

Step-9:Sketch

Step-9:Sketch
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> Critical Section of Spread footing

Brick wall footing

1) Area of footing, A=L x1m?

2
3) ,=(C +d,)w
a

4) Vb=(C + Z) w

Concrete wall Footing

1) Area of footing, A=L x1m?

) Mpgy="- +C=2
3) Vv:(C - dv)W
4) V,= CW

V.=.292,/f'c

Independent Column footing

V

o

1) Area of footing, A=LxL=L?m?

c? L-
2) Mqy==3-  +C=7
3) VU = C_ELWZ -..kg
V,=.292./F c
4) V,= CLW=.. kg.

—(12-(a+do)2yW=---Kg
b,=4(a +d,)

V,=.53,/fc

-l

ml-
-on— (" —m
| L-a2

Brick wall footing

Crtical Section for Moment & bond

i| |-— Critical Section for Shear

- (-

AN

NN

R

T (Crad) ot

T




Concrete wall footing

- —a=t

1 Critical Section for Shear
- Critical Section for Moment & bond

Independent Column footing

-

e (T —a-

L-a=2
1 Critical Section for Shear

- Critical Section for Moment & bond

-gp——— L ———i=

G—a-
F 3
¥
Lm (atdal - D o
i LT J Cricalsution for perepharal shear
¥

[ =i==0]
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» Design of Retaining wall
Various dimension of RW
Assume top thickness of stem=...... cm

Bottom thickness of stem:%; ....cm
Width of base,b=.65 xh=....... cm
Thickness of base:1—hO= ...... cm

Length of projectionz% Xb=--cm

Stability
Consider 1 m strip

w(h+h)
2

cosx—,/cos2x—cosZ¢

Earth pressure,P= X cos aX ...kgm

cosx++/cos2ec—cos2 ¢

Horizontal earthp,,=.= PX cos a=... kg/m




Vertical earth pressure,p,, = PX Sin a=... kg/m

Overturning moment,M,=p,, X h%’l,:.....kg-m
Taking moment about toe(A)

T ittt eeetee e kg MR:
Distance of C.G from toe X=2F=_ ... M
Distance of(R) from(W),Y:PH(;;jh)? ...... m

Distance of(R) from toe,x=X-Y=.....m
Distance of base center from toe:§=. ...m.

:.Ecetricity,c:(g)-x= ........ m
Check for overtuning moment

FS=MR ... >
M

Check for sliding
Fs=*Y— . .>15
Ph
Check for undue settlement

Fax(t06)=(1+29)= ... kg/m?<B.C of soil.

Stem design

Step-1:Load Calculation

Consider 1 m.
HZ

W
P==

COSX—4/COS2xX—C0Ss2¢p
coso<+jcoszo<—coszqo_' --kg/m
P,=Pxcos a=....kg/m

Step-2: Max™V.shear-v
V=P,=......... kg

Step-3: Max™ B.M-M
M=P, x g=.....kg/m
Step-4:Effective depth-d

XcosaXx

— | M_ __n__

d= s cm k n+}:—§_
J=1-k/3=.......

R=_fcjk=...... b= 100 cm.

Using22mm ¢ bar and 8cm clear cover.




=~ Total depth=d+(2.2/2)+8=...... cm<tassume
Acceptable total depth, d= tassumeCm
=~ Actual effective depth,d=.......... cm

Step-5:Area of tensile steel-As
_ M _ 2
S_std_
Using 22 mm ¢ bar,a,=3.8 cm?
. 100 x ag
~ Spacing, S= " =...cmc/c.

Step-6:Area of tensile stress-v
V=—-=........ kg/cm?<VcVe=0.292,/f "¢

(Hence ok)
Step-7:Check for bond stress-u

Use—=........ kg/cm?<ugy; Y. 0:Nn<p:% X T X @=....cm

Step-8:Area of distribution bar-A’s
A’s=15% b x t=...cm?

Using 12 mm ¢ bar,a,=1.13cm?.......

. 100x a
Spacing,S=— = cm c/c
S
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1 | Strain Hardening Necking

T il
e

D

OA : Proportional Limit

Plastic

W A .
(7] ; B : Upper Yield Stress Point
Behaviour
g C : Lower Yield Stress Point
oW D : Ultimate Stress Point
E : Fracture

Elastic

Behaviour
0 Strain
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Prestressing bed
(a) Applying tension to tendons

T X

(c) Transferring of prestress

Stages of pre-tensioning
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