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List of Abbreviations

e Ac = area of concrete section resisting shear transfer.

e As =area of non-prestressed tension reinforcement.
e A = area of non-prestressed compression reinforcement.

e Ag = gross area of section.

e Av = area of shear reinforcement within a distance (S).

e At =area of one leg of a closed stirrup resisting tension within a (S).

e b = width of compression face of member.

e bw =web width, or diameter of circular section.

e C.=compression resultant of concrete section.

e C.=compression resultant of compression steel.

e DL =dead loads.

e d =distance from extreme compression fiber to centroid of tension reinforcement.

e Ec = modulus of elasticity of concrete.

e f. = compression strength of concrete .

e Fy =specified yield strength of non-prestressed reinforcement.

e h =overall thickness of member.

e Ln = length of clear span in long direction of two- way construction, measured face-to-
face of supports in slabs without beams and face to face of beam or other supports in
other cases.

e LL =live loads.

e Lw = length of wall.

e M = bending moment.

e Mu = factored moment at section.

e Mn = nominal moment.

¢ Pn = nominal axial load.

¢ Pu = factored axial load

e S = Spacing of shear or in direction parallel to longitudinal reinforcement.



¢ \/c = nominal shear strength provided by concrete.

¢ \/n = nominal shear stress.

¢ Vs = nominal shear strength provided by shear reinforcement.
¢ \/u = factored shear force at section.

¢ \Wc = weight of concrete. (Kg/m3).

oW = width of beam or rib.

e \Wu = factored load per unit area.

e ® = strength reduction factor.

e & = compression strain of concrete = 0.003mm/mm.

e & = strain of tension steel.

e £= strain of compression steel.

e p =ratio of steel area.
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Project Summary :

Hebron and villages suffer specifically from a shortage of hospitals for
several reasons, the most important situation of the Palestinian people and
the occupation of the economy and more .

So it resulted the need for the design of hospitals which take into account the
architectural beauty and structural design accuracy, and take into account the
needs of the Palestinian people's psychological and physical .

Project Idea :

The main idea of the project on the structural design of the hospital healthy
Murad created where this hospital consists of six different use-story addition
to the introduction of nature and creating green interiors with directing the
building of the inside toward these spaces where serving patients, visitors
and residents, and another of the wounded were punctuated lampshades iron
factory and will include project comprehensive structural elements and
nodes of the known and bridges and columns and stairs and elevators, and
loads analysis and will be preparing a complete engineering design schemes
of various structural elements .

And so we have provided optimal solutions for both sides of architectural
and structural, so was taking into account the aesthetic and functional
purposes .

The project will be designed based on ACI 318-11 Code will be used for
several engineering programs such as :

AutoCAD 2010, Office 2010, ETABS, BEAMD, SAFE 12, Revit and we
will refer to the references used .
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Chapter Four

Structural Analysis and Design

4.1 Introduction.

4.2 Factored Loads.

4.3 Determination of thickness.
4.4 Load Calculation.

4.5 Design of Topping.

4.6 Design of rib (2) in the ground floor slab.
4.7 Design of Beam(8).

4.8 Design of Columns

4.8.1 column (18)

4.8.2 column(69)

4.9 Design of Isolated Footing.
4.10 Design of Stair.

4.11 Design of Strip Footing .

4.12 Design of Basement wall.
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4.1 Introduction

Concrete is the only major building material that can be delivered to the job
site in a plastic state. This unique quality makes concrete desirable as a building
material because it can be molded to virtually any form or shape.

Concrete used in most construction work is reinforced with steel. When
concrete structure members must resist extreme tensile stresses, steel supplies the
necessary strength. Steel is embedded in the concrete in the form of a mesh, or
roughened or twisted bars. A bond forms between the steel and the concrete, and
stresses can be transferred between both components.

In this project, all of design calculation for all structural members would be

made upon the structural system which was chosen in the previous chapter.

The project consists of several structural elements that will be designed according
to the (ACI_318) code. In This Project, the following type of slabs are used :
(one-way ribbed slab) .They would be analyzed and designed by using the finite
element method using much computer software such as “ATIR” to find the internal
forces, deflections and moments for the all structural element in order to design it.
Then hand calculation would be made to find the required reinforcement area for

selected members.
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The design strength provided by a member, its connections to other members, and
its cross — sections in terms of flexure, and load, shear, and torsion is taken as the
nominal strength calculated in accordance with the requirements and assumptions of
ACI-318-08code.

NOTE:
' 2
For concrete slab. f¢'=24N/mm*(MPa)
For beams. ¢ =24N / mm?(MPa)
For column and footing, f¢'= 24N /mm®(MPa)

2
For flexural Reinforcement Steel. Y = 420N /mm*(MPa)

For shear Reinforcement Steel. fy = 420N / mm?(MPa)

4.2 Factored Loads

The factored loads on which the structural analysis and design is based for structural

members, is determined as follows:

Qu=12DL +1.6L.L ,ACI -318-11

where:
DL: Dead Load .
LL: Live Load .
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4.3.1 Determination of Thickness for One Way Rib Slab:

The structure may be exposed to different loads such as dead and live loads. The
value of the load depends on the structure type and the intended use.
The overall depth must satisfy ACI Table (9.5.a):

Fig. (4-1) rib slab for the ground floor Fig. (4-2) the maximum span
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The maximum span for one —end continuous is L= 6m

18L.5 = 186.5 = 0.324m Acl-318-11

The maximum span for two - end continuous is L= 6.4 m
L 6.4
Z = H = 0.305m

The ribbed slab thickness will be h = 32cm.

Select 24 cm block + 8 cm topping = 32 cm

One - way ribbed slab.

For the one-way ribbed slabs, the total dead load to be used in the analysis and

design is calculated as follows:

One way rib siab Shrinkage & Temperatuer Bar's

Hollows Block ( 28cm )

Fig. (4-3) One way rib slab
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Calculation of the total dead load for one way rib slab is shown in the following
table:

Tiles 3 cm

Mortar 2 cm

Coarse Sand fill 7 cm

R concrete Topping 8 cm
Concrete block

R Concrete rib

Plaster 2 cm

'Y PIcAlL SECTION I N\ RIBEBED SLAEB

Fig. (4-4) typical section in ribbed slab

Table (4 — 1) Calculation of the total dead load for one way rib slab.

Nominal Total Dead Load:

D.L. ot =0.72 + 1.04 + 0.343 + 1.2 + 0.582+ 0.359 + 0+0.229 = 4.47 KN/m of

rib

L.L. tota= 5 * 0.52= 2.6 KN/m of rib
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No. Parts of Rib Sxyx*h Calculation
1 Rib 0.12*%0.24*25 = 0.72 KN/m
2 Topping 0.08*0.52*25= 1.04 KN/m
3 Plaster 0.03*0.52*22 = 0.343 KN/m
4 Block 0.24*%0.4*12.5 = 1.2 KN/m
5) Sand Fill 0.07*0. 52*16= 0.582 KN/m
6 Tile 0.03*0. 52*23 = 0.359KN/m
7 Partitions 0 0 KN/m
8 Mortar 0.02*0. 52*22 = 0.229KN/m

Sum=4.47
KN/m




Table (4 — 2) Calculation of the total dead load for Topping:.

Dead Load Calculation . D=4.16 KN/m.

No. | Parts of Topping y*bx1

1 Topping 0.08*1*25= 2 KN/m2

2 Sand Fill 0.07*1*16= 1.12 KN/m

3 Tile 0.03*1*23 = 0.69KN/m

4 Mortar 0.02*1*22 = 0.44KN/m

5 Partitions 0 0 KN/m

Sum =4.16

KN/m

Live Load Calculation . L=5*1=5KN/m.

Design of Topping for Ribbed Slab as a Plain Concrete Section :-

Gu = (1.2 *4.16) + (1.6 * 5)
= 12.992=13 KN/m

Toping

—> For a one meter strip q, = 13 KN/m

Assume slab fixed at supported points (ribs):
Hollow Block ( 27¢m)

*12
Mu=qu |
12

* 2
Mu :13 0.4

= 0.173 KN.m /m of strip width.

q, xI 13x0.4
2

Vu = =2.6kN

Fig. (4-5) Toping of slab
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Design of shear :

Used fy =420 MPa& fc' = 24MPa

d*V, = 0.75x ﬂx%xlooox80x0.001= 49KN > 2.6kN

No shear reinforcement is required.

Design of Moment :

* 2
Mn = 0.42 x \/ﬂx%xm-ﬁ — 2.19kN.m

¢>xMn =0.55*%2.19 =1.207kN.m.
¢>xMn =1.207kN.m > Mu = 0.173kN.m.

No structural reinforcement is required.

The strength of plain concrete section>loaded section .

The plain concrete section is safe ,However, minimum reinforcement for shrinkage

and temperature to control the cracks should be used .

p =0.0018 ACI7.12.2.1
As =p*b*h=0.0018 * 1000 * 80 = 144 mm% m

\ Use ® 8 @20 cm

As =251.33mm*/m> As_. =144mm’/m Ok
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l I | _
I
1]
: ’ .
t t m -
< ] = e
7
0 "r _'I, =4 clh
2 % % 8
1
—— c -
— I —
: 1 0O

Fig. (4 - 6) Rib location in ground floor slab.

By using ATIR program we get the envelope moment and shear force diagram as the
follows:-

1 2 3 4 5
1 2 3 4
: A A Al . A
i A A A
06 495 08 35 08 455 08, 356 06
T I T 5_55 T I T 4-3 T I T 5_35 T I T uﬁ T I 1
T T T T 1
52.
32,
12.
AR

Fig. (4 - 7)Geometry of rib (2).
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MomentiShear

Envelope (Factored)

Units: kN, meter

Moments: spans 1fo 4
-29.2 263
9.5
27 141
[ [ [ | 1'|53I 1 |
' dojr1a S~ 'u.k? " ke '
g 0T v 0.9 \_/
. 142
2.26 ZET'B 3.39 | 237 194 | 24 204 | 288 | 112 |
Fig. (4 - 8) Moment Envelop for rib (2)-(KN.m).
Shear
2 273
258 -20.9 -21.5
45 A6
I -%
[l | | | | |
I 1 | | I
171 18.7 19.4 19.9
25 52 3 %4

Fig. (4 - 9) Shear Envelop for rib (2)-(KN).
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4.6.1 Design of Positive Moment :

Material:-
Concrete  B300 f, = 24 N/mm?
Reinforcement Steel f, = 420 N/mm?

Reinforcement Steel of shear  f,,, = 240 N/mm?

Section:-
b =12cm bf =52cm h =32cm
Effective Flange width ( b.) ACI-318-11

b: For T- section is the smallest of the following:
b, = (4260) /4 = 1065 mm
be =120 + 16 (80) = 1400mm
by =400+120= 520 MM......c.cceuve. control

»Use M, max positive for span 1 =26.9 kN.m

» Determine whether the rib will act as rectangular or T — section:

For hf=0.08 m

~ Assume bar diameter ®14 for main positive reinforcement.
d=320-20-8-7=285mm

dMn =0.9%0.85* fc*b*hf* (d- hf/2)

= 0.9*0.85*24*0.52*0.08*(0.285-0.08/2)=187.125KN.m
dMn= 187.125KN.m>> M, = 26.9 KN.m

Tf=8cm

The section will be designed as a rectangular section with b, = 520mm.

67



As min = 21/(?) (bw)(d)>=As min = %(bw)(d) ACI-318 -05
As min=Y24_120)(285) 99 729mm’
4(420)

ASs min = % (120)(285) =114mm?~ control

me_ ¥ __ 420 56
0.85fc’  0.85(24)

> 6
n— l\/ln2 _ 26.9*10 _ —0.71Mpa
®bd?  (0.9)(520)(285)

kS *
ool [p_2mkn)_ 1 1_\/1_2 20.6*0.71 | _ 1 40172
m fy 20.6 420

As =0.00172(520) (285) = 254.9mm>> As min = 114 mm?

# of bars = As / Aspar = 254.9/153.93=1.66  * Note Agis = 153.93 mm?

Select bottom bars 2®14

Total AS (providey=307.86 mm~>254.9mm?

* Check Strain for the magnitude of under strength factor ®:

Tension = Compression
A xfy=0.85xf 'xbxa

307.86x420=0.85x24x520% a
a=12.2mm

~0.285-0.0144
0.0144

% 0.003 = 0.0564 > 0.005

S

DK0:0564 > 0.005

»Use M max positive for span 2 = 6.9 KN.m

» Determine whether the rib will act as rectangular or T — section:
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For hf=0.08 m

~ Assume bar diameter @10 for main positive reinforcement.
d=320-20-8-5=287 mm

®dMn =0.9*%0.85* fc"*b*ht* (d- hf/2)

= 0.9*0.85*24*0.52*0.08*(0.287-0.08/2)=188.65KN.m
®dMn = 188.65KN.m >> M, = 6.9KN.m

The section will be designed as a rectangular section with b, = 520 mm

AS min = ;/(EI) (bw)(d)>= As min =%(bw)(d) ACI-318 -05

22

(120)(287) =100.43mm>
4(420)

S min =

A's min :%(120)(287) =114.8mm* ~ control

me_ ¥ __ 420 _,,
0.85fc’  0.85(24)

> 6
Mn _ 6.9*10 _ 0.179Mpa

N~ obd? ~ (0.9)(520)(287)°

kS *
poLfq  [p_2mkn)_ 1 1_\/1_2 20.6*0.179 | _ 4 50043
m fy 20.6 420

As =0.00043 (520) (287) = 63.9 mm’< As min = 115.2 mm?
Select As rq=115.2 mm?

# of bars = Ag / Agpar = 115.2/78.54 = 1.47 * Note Agig = 78.54 mm?

Select bottom bars 2®10

Total AS (provide= 157.08 mm?> 115.2mm?

* Check Strain for the magnitude of under strength factor @ :

Tension = Compression
A x fy=0.85x f xbxa

157.08x420=0.85x24x520x a
a==6.22mm
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©0.287-0.00732

&s 0.00732
Ok. €;=0.115> 0.005

x0.003=0.115

»Use M max positive for span3 = 17 kN.m

» Determine whether the rib will act as rectangular or T — section:
For hf=0.08 m

~ Assume bar diameter ®12 for main positive reinforcement.
d=320-20-8-6=286mm

®dMn =0.9*0.85* fc"*b*hf* (d- hf/2)

= 0.9*0.85*24*0.52*0.08*(0.286-0.08/2) = 187.88KN.m
®dMn=187.88 KN.m>> M, = 17 KN.m

The section will be designed as a rectangular section with b, = 520mm

As min = L;/(f) (bw)(d)>= As min =%(bw)(d) ACI-318 -05

22

A min = (120)(286) = 100.08mm?’
4(420)

A's min :%(120)(286) =114.4mm?~ control

mo Y40 .
0.85fc'  0.85(24)

> 6
ho Mno 170100 s
Dbd? _ (0.9)(520)(286)

x> *
p:i(l— 1_2mknj_ 1 (1_\/1_2 20.6 0.45]:0.0011

m fy ) 20.6 420

As =0.0011* (520)* (286) = 163. 6 mm*> As min = 114.4 mm?

70



# of bars = As/ Aspar = 163.6 /113.1 =1.45 * Note Ag1o=113.1 mm?

Select bottom bars 2®12

Total AS (provide=226.2mm?*>163.6 mm*

* Check Strain for the magnitude of under strength factor @:

Tension = Compression
A xfy=0.85xf xbxa

226.2x420=0.85x24x520x a

a=238.96mm
_a 8%
*=085 085 ~ormm

£ = 0.286 —0.01054 =x0.003=0.078 > 0.005
Ok 0.01054

»Use M max positive for span 4 = 14.2 kN.m

» Determine whether the rib will act as rectangular or T — section:
For hf=0.08 m

~ Assume bar diameter ®10 for main positive reinforcement.
d=320-20-8-5=287 mm

®dMn =0.9*%0.85* fc"*b*hf* (d- hf/2)

= 0.9*0.85*24*0.52*0.08*(0.287-0.08/2) = 188.65KN.m

dMn= 188.65 KN.m>> M, = 14.2 KN.m

The section will be designed as a rectangular section with b. = 520mm

A'S min = ;/(EI) (bw)(d)>= As min =%(bw)(d) ACI-318 -05
AS min = V24 (120)(287) =100.43mm?

4(420)
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AS min = % (120)(287) =114.8mm?” ~ control

m= fy = 420 =20.6
0.85fc’  0.85(24)
> 6
n— an _ 14.2*10 _—0.37Mpa
Dbd? _ (0.9)(520)(287)

p=L(q_ [y_2mkn)_ 1 1_\/1_2 20.6*0.37 | _ 4 001
m fy 20.6 420

As = 0.001 (520) (287) = 149.24mm>> As min = 114.4 mm?

#of bars = As / Aspar = 149.24/ 78.54=1.9  * Note Ag1o= 78.54 mm?

Select bottom bars 2910

Total AS (providey=157.1 mm?> 149.24 mm®

* Check Strain for the magnitude of under strength factor ®:

Tension = Compression
A x fy =0.85x f ./ 'xbxa

157.1x420 =0.85x24x520x a

a=6.22mm
_a _62 .
*=085 085 /M

. _0.287-0.00732
Ok...... 0.00732

x0.003=0.115>0.005

4.6.2 Design of Max Negative Moment for (Rib):

Mu =-29.2 kN.m

The maximum negative moment from spans with support(2) is
Mu =29.2/ 0.9 = 32.4kN.m
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~ Assume bar diameter ®14 for main positive reinforcement.

d=320-20-8-7=285mm
m = fy = 420 =20.6
0.85* fc'  0.85*24
Mn 29.2*10°

n: —_—
dbd ?

V24
4(420)

AS min =

A'S min = %(120)(285) =114.0mm?~ control

(0.9)(120)(285)2

(120)(285) = 99.73mm>

1 2mkn 1
p=—|1—_|1— =
[ fy J

~ 20.6

= 3.33Mpa

420

* *
[1_\/1_2 20.6 3.33]:0_0087

As =0.0087* (120) *(285) =297.54mm*> A s min = 114.0mm?

* Note Ags = 153.94 mm?

Select bar 2 ® 14

Total AS (rovidey =307.9 mm?> 297.54mm?

* Check strain for the magnitude of under strength factor ®:

Tension = Compression
A x fy=0.85xf_ 'xbxa
307.9x420=0.85x24x120xa

a=>52.82mm

a 5282

~ 0.285-0.06215

£ x 0,003 = 0.0108
0.06215
£, =0.0108 > 0.005
Ok.......

Mu =-19.5 kN.m
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The maximum negative moment from spans with support(3) is

Mu =19.5/0.9 = 21.7kN.m

~ Assume bar diameter ®12 for main positive reinforcement.

d=320-20-8 -6 =286 mm
m = Ty - = 420 =20.6
0.85* fc 0.85*24
Mn 19.5*10°

n= =
dbd?

Nex
(420)

AS min =

A'S min = % (120)(287) =114.4mm?~ control

(120)(286) = 100.1mm?

1 2mkn 1
p=—|1—_|1—
( fy j

" 206

~(0.9)(120)(286)2

2.21Mpa

* £
[1_\/1_2 20.6 2.21}20.0056

420

As =0.0056*(120)* (286) =192.192mm?*> As min = 114.4mm?

# of bars = As / Aspar = 192.192/113.1 = 1.69

* Note Agrr = 113.1 mm?

Select bar 2 @ 12

Total AS (rovidey = 226.2mm?> 192.192mm?

* Check strain for the magnitude of under strength factor @:

Tension = Compression
A xfy=0.85xf 'xbxa
226.2x420=0.85x24x120x a

a =38.8mm

Lo 0 _388_
085 085 >o0rmm

~0.286—0.04565

& 0.04565
¢, =0.016 > 0.005

%x0.003 =0.016
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Mu = - 25.3 kN.m

The maximum negative moment from spans with support 4 is
Design as rectangular section with b=bw

~ Assume bar diameter @14 for main positive reinforcement.
d=320-20-8-7=285mm

As min = 21/(?) (bw)(d)>= As min :%(bw)(d)ACIGlS 05

4
AS min =
4(420)

(120)(285) = 99.73mm>

A's min :%(120)(286) =114.0mm?* ~ control

m = 20.6

I 6
po Mn _ 253%10° oo
®bd? _ (0.9)(120)(285)

* *
p:i(l— 1_2mknj 1 [1_\/1_2 20.6 2.88]:0_0074

m fy | 206 420
As =0.0074 (120) (285) =253.93 mm*> AS min = 114.0 mm?
# 0f bars = As / Aqpar = 253.3/153.94 = 1.65 * Note A1z =153.94mm?

Select bar 2 ® 14

Total AS (rovidey = 307.88 mm?*>253.3mm?

* Check strain for the magnitude of under strength factor ® :
Tension = Compression

A x fy=0.85xf_ 'xbxa

307.88x420=0.85x24x120x a

a=52.82mm
_ e _5282_
X =085 o085 oo
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~0.30788-0.06214

&
° 0.06214
g, =0.012 > 0.005

x0.003 =0.012

4.6.3 Design of shear for rib (2):

Categories for shear design:
Vu =25.6 KN

Use @8 with 2 legs

1. Regionl:

dVe >Vu

VC=1.1x\/é_bede

O xVec=11x0.75x \/2_4 x120 x 286

= 23.12KN< Vu = 25.6
Since ®Vc<Wu
Not control

2. Region Il :
1
E(DVC <Vu <dVc

® Ve =23.12 KN

%@VC = &212 =11.56KN

Not control
3. Region Il :
dVe <Vu <dVe + DVs ;|

dVe =23.12
Vu=25.6 Kn
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xbwxd =

Jfc
1) @ Vs min =® x
16

® Vs min =0.75x \/1?

x120x 286 = 7.88Kn

2)DVs,,. =CD(%) xbwxd=

Vs, =0.75 (%) x 120 x 286 = 8.58Kn

Ve + Vs, =23.12+8.58=31.7KN
23.12Kn < 25.6Kn < 31.7Kn

Case I

minimum Shear reinforcement required .So,
Use 10,2 leg

A, =100.53mm?.

Vs=2_ p =22°_ 3082 =3313KN
) 0.75
Apfyed  100.53 * 420 * 286

— 3645
v 3.313 * 1000 mm

Sreq =

Sreq < Smax

d
Smax = > 0T Spax < 600 mm

d 286
S= 5= 143 mm (control)

Use @8, @ 10 cm (2Legs).

77



4.7 : Design Of beam(B26 ,G) for flexure:-

4.7.1 Design of flexure of beam 26,G

: LTreF{z—azea

{zr=0a P r—¥z]ea

[ ata]) (r=22}08

=]

(Zr-08] e —rzloa Z110

(o300

2023 (A4

{Eeatra | L= 1208

EITA,

-4 {4052}

-3¢

Fig.(4-10)Beam location in underground floor slab
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Load calculations for Beam:

The distributed Dead and Live loads acting upon the Beam 26can be defined from the

support reactions of the rib (8).

» The support reaction ( service ) from Dead loads of Rib (R8) upon beam (B26,G)

is (24.45KN). The distributed Dead load from Rib ( R8 ) on Beam(B26, G):

24.45
DL from riv=o=> = 47.02KN /m

» The support reaction (service ) from Live loads of Rib (R8 ) upon beam (B26 , G)

15(15.66 KN) . The distributed Live load from Rib ( R8) on Beam ( B26 ,G):

15.66 KN
LLfromRib: E =30.12 ?

Geometry Units:meter,cm
1 2 3 4
1 2 3

I:: A — A 1 A

A - A A
P"? 3.33 I(11.5I 8.28 Itl.55| 3.53 IEHI
I T 2.8 T T 5.5 T I T 4. T 1

T

42,

0.
AA

Fig. (4 -11) Geometry of Beam.
By using ATIR program we get the envelope moment and shear diagram as the

follows:-
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Toad group no. 1

Dead load - Service Units:kN,meter
47.0 41.0 47.0
kY 8 &

Live load - Service Load factors: 1.20,1.20/1.60,0.00
301 3*.1 3041
38 83 4.

Loads (kM meter)

Fig. (4 -12) Loading of Beam-(KN.m).

Momenis: spans 110 3

-632.6
-540.1 | 5088

1.6

I [
[ ———

5 114142
g ————

509.9

0.95 285 | 44 | 44 | 28 12
[ 1

Fig. (4 —13) Moment envelop for Beam -(KN.m).

Shear
5092
3844 4364
o1
i 1 “—
3
1185
145
4393 3873

509.7

Fig. (4 - 14) Shear envelop for Beam -(KN)
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assume bar diameter ®25 for main reinforcement.

Material:-
concrete B300 Fc¢' = 24 N/mm?
Reinforcement Steel fy = 420 N/mm?
Section:-

B =80cm.

h =42cm.

d = depth — cover - diameter of stirrups - (diameter of bar/ 2)

d =420-40-10 —% =357.5mm

4.7.2: Design of Beam of negative moment :

Check whether the section will be act as single or doubly reinforced section:
Maximum nominal moment strength from strain condition e, = 0.004

Take Mu =-540.1 KN.m............. at support (2).

3 3
CmaX = ? d= 7 *357.5=153.21 mm.

* Note: f, = 24 MPa < 28 MPa - 1 = 0.85
Admax = B1 *C = 0.85 *153.21 = 130.23 mm .
Mn max = 0.85* fc * a * b * (d- a/2)
=0.85* 24 * 130.23 * 800* (357.5 —130.23/2)*10"-6=621.42 KN .m

250
$=065+ 3 x(g—0.002).

250
$ =065+ 3 x(0.004—0.002) = 0.816.

®Mn = 0.816 *621.42=507.1 KN .m
Mu=540.1 > ®*Mn =507.1 KN.m

Design the section as doubly reinforced section.
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Mu 540.1
Mns = o Mnc = 3816 621.42 =37.34 KN.M
Mns
~ (f's— 0.85Fc)  (d — d)
f's=600*(c-d'/(c) )= 600*(153.21-60/153.21)=365.02< fy=420MPa.
Compression steel does not yield.

B 37.24 % 10°
~ (365.02 — 0.85 * 24) = (357.5 — 60)

A's

= 363.23mm?2

As'
T=Cc+Cs=085fc"xaxb+ As'(fs' —.085fc’) =

T=0.85*24*130.23*800+ 363.23*(365.02-0.85*24)*10"-3=2250.52Kn
As=T/fy =5358.4 mm?

11d25 in one layer with As=5399.61mm? > As req=5358.4mm?.

Select Top bars 11®25 in one layer.

*Check for bar distance:

_ 800-2x40-2x10-11x25 =42.5mm > 25mm.....ok

gS
10
d=420-40-10- % =357.5mm
Take Mu =-529.5 KN.m............ at support (3).
3 3

CmaX = ? d= 7 *357.5=153.21 mm.

* Note: f, = 24 MPa < 28 MPa - 1 = 0.85
Amax = B1 *C = 0.85 *153.21 = 130.23 mm .
Mn max = 0.85* fc *a* b * (d- a/2)
=0.85* 24 *130.23 * 800* (357.5 -130.23/2)*10"-6=621.42 KN .m
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b=065+ 3 x(g—0.002).

250
=065+ 3 x(0.004—-0.002) = 0.816.
®Mn = 0.816 *621.42=507.1 KN .m
Mu=529.5 > ®*Mn =507.1 KN.m
Design the section as doubly reinforced section.
Mu 529.6

Mns = — — Mnc = —— — 621.42 = 27.48KN.M
ns 2 nc 816

_ Mns

(f's —0.85F'c) «(d —d")
f's=600*(c-d'/(c) )= 600*(153.21-60/153.21)=365.02< fy=420MPa.
Compression steel does not yield.

_ 27.48 = 106
~ (365.02 — 0.85 * 24) * (357.5 — 60)

A's

As' = 268.03mm2

T=Cc+Cs=085fc"xaxb+ As'(fs' —.085fc") =
T=0.85*24*130.23*800+ 268.03*(365.02-0.85*24)*10"-3=2217.72KN
As=T/fy =5280.29 mm?

1125 in one layer with As=5399.61mm? > As req=5280.29mm?.

Select Top bars 11®25 in one layer.

*Check for bar distance:

. ~ 800-2x40-2x10-11x25

s =42.5mm > 25mm.....ok
10
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4.7.3: Design of positive moment :
d=420-40-10-18/2=361

*Take Mu =60.8 kKN.m ............ at span 1).
Mn _ 60.8/0.9x10°

" bxd?  .8x(0.361)°

m = fy = 420 =20.6
0.85fc’ 0.85x24

Kn

= 0.65Mpa

C’

(fy

4
As . =
™ 4(420)

B

As =

min

(ow)(d)> %(bw)(d)—xAu ~10.5.1)

N

=S

1.4
(800)(361)> 0 (800)(361)

As .. =842.16(962.67——Thelargestiscontrol.  =962.67mm2
As . =962.67mm?

p=—— (1- Jl_w
20.6 420

As =p* b*d=0.00157(800) (361) = 453.416mm?2 <As min = 962.67mm?

As
o _ 96267 _ 40
As,, 254.47

) = .00157

# Of bars =

Note Agpis = 254.47 mm?

Select Bottom bars 4®18 in one layer

* Check strain for @:
Tension = Compression

A x fy=0.85x f xbxa

1017.9x420=0.85x24x800x a
a=26.2mm
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a

A

Cc= @ =30.82mm
0.85

c

_ 361-30.82

%= 73082
¢, =0.032 > 0.005.........OK

x0.003 =0.032

*Check for bar distance:

. ~ 800-2x40-2x10-4x18
) 3

Design of positive moment :

b, =80cm,h = 42cm

d =420-40-10 —% =357.5mm

=209.3mm > 25mm.....ok

*Take Mu=509.9 KN.m ............ at span (2).

3 3

* Note: f, = 24 MPa < 28 MPa —» 81 = 0.85
Admax = B1 *C = 0.85 *153.21 = 130.23 mm .
Mn max = 0.85* fc * a * b * (d- a/2)

=0.85 * 24 * 130.23 * 800* (357.5 ~130.23/2)*10"-6=621.42 KN .m
250
d=065+ 3 x(g—0.002).

250
¢ =065+ 3 x(0.004—0.002) = 0.816.

®Mn =0.816 *621.42=507.1 KN .m

Mu=509.9 > ®*Mn =507.1 KN.m

Design the section as doubly reinforced section.
Mu

Mns = M _ 5099 621.42 = 3.45KN.M
ns = (3 nc_.816 . = J. .

_ Mns
B (f's —0.85F'c)*(d—d")
f's=600*(c-d'/(c) )= 600*(153.21-60/153.21)=365.02< fy=420MPa.

Compression steel does not yield.

A's
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3.45 = 10°

As' = = 33.65mm2
% T (365.02 — 0.85 * 24) * (357.5 — 60) mm

T =Cc+Cs=085fc"xa*xb+ As'(fs' —.085fc’) =
T=0.85*24*130.23*800+ 33.65*(365.02-0.85*24)*10"-3=2137KN
As=T/fy =5087.9 mm?

11d25 in one layer with As=5399.61mm? > As req=5087.9mm?.

Select Bottom bars 11®25 in one layer.

*Check for bar distance:

£, = 800_2X40_1§X10_11X25 = 42.5mm > 25mm.....ok

d=420-40-10-18/2=361

Design of positive moment :

*Take Mu =77.4kN.m ............ at span (3).
-3
Kn = an _ 77.4/0.9><1(2 - 0.825Mpa
bxd .8x(0.361)
fy 420 206

T 0.85fc’  0.85x24

&
o

(bw)(d) F“(bw)(d)—>(AC| -10.5.1)

min

N

"4ty

Vo4 1.4
AS, —4(4—20)(800)(361) 120 = (800)(361)

As .. =842.16(962.67——Thelargestiscontrol.  =962.67mm2
As . =962.67mm?

1 \/ 2(20.6)(0.825) ) = 002

P=%06 L 420
As =p* b*d= 0.002(800) (361) = 580mm? <As min = 962.67mm?
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As
o _ 962.67 _ 4 g

# Of bars = = =
As 254.47

bar

Note Agpis = 254.47 mm2

Select Bottom bars 4®18 in one layer

* Check strain for ©:

Tension = Compression
A x fy=0.85x f xbxa

1017.9x420=0.85x24x800x a
a=26.2mm

a

B
26.9
C=

—— =30.82mm
0.85

_ 361-30.82

%= 73082
¢, =0.032 > 0.005.........OK

c

x0.003 =0.032

*Check for bar distance:

. 800-2x40-2x10—-4x18
> 3

= 209.3mm > 25mm
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4.7.4 : Design of shear for Beam :

ACI — 318 — Categories for shear design:

Critical section at distance d = 341 mm from the face of support.
VU critical = 439.8 KN
VA= %,/fc’bw d= %\/2_ « 800 * 361

V= 235.8KN.
® V=0.75*235.8=176.9 KN

V,=4398> ¢=*V, =235.8KN ..... shear reinforcement is required .

Check for section dimensions:
V,=Vu/d — Vc = 130.8/0.75 - 165.34 = 9.1KN.
1 !
L Vsmin = 16 fc'by, d

D Vg in = .75 * 1—16x/ﬁ 800 * 361
DV i = 66.32

2. Vgmin = 3bud

DUy min = .75 * = * 800 * 361

PV min = 72.2 KN (control)
O V<VU< @ Ve +min @ Vs
Vu=439.8> (72.2+235.8=308)

So, Case (4)
PV, + @ Vg min < v, < 3 0Vc)
308 < 439.8< 3*235.8=707.4Kn.

Shear reinforcement are required . Select,

Use @ 10, 4 leg.
As =314.16mm? .

88



V,=Vu/¢ — Vc = 439.8/0.75 - 235.8 = 350.6KN.

Apfyed _ 314.16 * 420 * 361

S = v, 3506 = 135.86 mm
d

Smax = 5 O Smax < 600 mm
d 361

S max ZEZTz 180.5 mm

Select s=150mm
Select 4 leg ®10, @ 15cm

4.8 Design of Column:

3.8.1 Select column (C18) for design in ground floor

Material:-
concrete B300 Fc' = 24 N/mm?
Reinforcement Steel fy = 420 N/mm?

Section:-
B =600cm.
h =600cm.

4.8.1.1 Load Calculation:

Py = 2408.62KN and P, = 1054KN
B,=12+P,+16*P,
P, = 1.2+ 2408.62 + 1.6 * 1054 = 4576.744KN

4.8.1.2 check for Slenderness:
Kby <34-12 M) o 40
ro= (MZ) =

Lu: Actual unsupported (unbraced) length.
K: effective length factor (K= 1.0 - for braced frames).

R: radius of gyration=0.3h= VA
M
(Vl) = 1.0 — braced frame with M,;,,
2
Lu = 348m
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K=1, According to ACI 318-2002 (10.10.6.3) the effective length factor.
k, shall be permitted to be taken as 1.0.

Kl,
—<34-12+10=22<40

Kl, 1.0+x348
r, 03%0.6

= 19.33 < 22 — short column for bending about x — axis

Kl, 1.0%x3.48
r,  03%0.6

= 19.33 < 22 — short column for bending about y — axis

4.8.1.3 Design the column as concentrically loaded short column.

Pumax = @ * 0.8[0.85f.(4; — Ast) + Astfy]
@ = 0.65 — for tied column.

4576.744 % 103 = 0.65 * 0.8[0.85 * 24(600 * 600 — Ay;) + Ag * 420]

Astreq = 3656.87mm?
3656.87

20 = 314.16mm?2

select 12020 with Ay, = 3769.91 mm? > Agy req = 3656.87 mm? ... ok

A, 3656.87
= 1.016%

P9 =4, ~ 360000

4.8.1.4 Design of Ties:

Use ties @10 with spacing of tie shall not exceed the smallest of:

1- 48 times the tie diameter ,48d; = 48 * 10 = 480 mm,

2- 16 times the longitudinal bar diameter,16d;, = 16 * 20 = 320 mm, —control
3- The least dimension of the column = 600mm.

use tie 10@200mm.
Check for code requirements:
Clear spacing between longitudinal bars:

600—40*%x2—-10%x2—4%20
Clear space = = 140mm > 40mm, and

3
> 1.5d, = 1.5 * 20 = 30mm — ok

Gross reinforcement ratio:
0.01 < Pg = 0.01016 < 0.08 — ok
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1- Number of bars: 12 > 4 — for square section — ok
2- Minimum tie diameter:@10 for @20 bars — ok

3- Spacing of this : s = 200mm — ok

3.8.2 Select column (C69) for design in ground floor.

Section:-
B =500cm.
h =500cm.

4.8.2.1 Load Calculation:

Pp, = 1670.7KN and P, = 803.4KN
Pu = 1.2*PD+1_6*PL
P, =1.2%1670.7 + 1.6 * 803.4 = 3290.3KN

4.8.2.2 check for Slenderness:
KLy <34-12 My o 40
ro= (MZ) =

Lu: Actual unsupported (unbraced) length.
K: effective length factor (K= 1.0 - for braced frames).

I
R: radius of gyration =0.3 h = \/;

M
(#) = 1.0 — braced frame with M,,;,,
2

Lu = 3.48m

K=1, According to ACI 318-2002 (10.10.6.3) the effective length factor.
k, shall be permitted to be taken as 1.0.

KL,
TS34—12*1.0=22<40

Kl, 1.0x3.48
r,  0.3%0.5

= 23.2 > 22 — long column for bending about x — axis

Kl, 1.0%3.48
"~ 0.3%0.5

= 23.3 > 22 — long column for bending about y — axis

Ty

4.8.2.3 Compute EI :

E.l
El =04—2 i [ACI 318 — 2002(Eq. 10 — 15)]
1+ By
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Ec =4700,/fc’ = 4700vV24 = 23025.20 Mpa

_1l2DL_ 16707 _
€= p, 32903
; bxh® 0.5x0.53 5 21 « 10" 9mm2
= = = 5. *
9712 12 i
[ = 0.4 x 23025.20 x 5.21 — 29804.1KN. m2
- 1+ 061 - SR
p _ MEL _3142x298041 . .
T (KLu)?  (1x3.48)2 '
Cm 1
Ons = Pu_ 32003 — — 1.23>1
"~ 0.75P,  0.75%23991.4
e.. =15+0.03x h =15+0.03x500 = 30mm.
e=e,, X0, =30x1.23=36.9mm
€_389 5074
h 500

From Interaction Diagram

#P, 3290.3*10"3 " 145
A 500*%500 1000

g
y=(d—-d")/h=(500-2*40-2*10-16)/500 = 0.768
for(y =0.75), pg =0.011
for(y =0.9), 09 =0.01
£g(21=0.768)=.011— ((1.0*10"-3)/.15) *(0.768 - 0.75) = 0.011
A, = px A, =0.011x500x500 = 2720mm**
$16 = 201.06mm2
num = 2720/201.6 =13.5
. useldgl6

= 2.0Ksi

4.8.2.4 Design of Ties:

Use ties @10 with spacing of tie shall not exceed the smallest of:

1- 48 times the tie diameter ,48d; = 48 * 10 = 480 mm,

2- 16 times the longitudinal bar diameter,16d;, = 16 * 16 = 256 mm, —control
3- The least dimension of the column = 600mm.

use tie p10@200mm.

Check for code requirements:
Clear spacing between longitudinal bars:
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500-40%x2—-10x2—-5%16
Clear space = = 80mm > 40mm, and

4
> 1.5d, = 1.5 16 = 24mm — ok

Gross reinforcement ratio:
0.01 < Py = 0.011 < 0.08 — ok

1- Number of bars: 14 > 4 — for square section — ok
2- Minimum tie diameter:@10 for @16 bars — ok

3- Spacing of this : s = 200mm — ok

4.9 Design of isolated Footing under column (18) (60*60):

e Service dead load D, = 2408.62 KN
e Serviceliveload L;, = 1054 KN
® Ganet = 400 KN/mZ

4.9.1 Required size of footing:

P, _ 2408.62+ 1054 )

A= = 8.66m
qa,net 400

A=a?-a=vVA=+866=2943m
Take a = 3 m.
Simplified method:
— Depth of footing and shear design:
P, = 1.2 %2408.62 + 1.6 * 1054 = 4576.744 KN
6bu < 1.4 * 6ballaw.net

Pu 4576.744
1.4 * Sballow.net ~ 1.4 %400
A=a%?—>a=+VA=+817 = 2.86m

area = 8.17m?2

Take Il = 3m.
4576.744
5bu = W = 508.53 KN/mZ

Assume the depth of footing is h = 70cm
Assume cover 75 mm , and steel bars of @16

dapg = h—c—@ =700 — 75 — 16 = 609 mm
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4.9.2 One way shear:

V,at distance d from the face of support:

a 3 06
Vu=6bu*b*<§—§—d)=508.53*3*(§———0.609>=901.62KN

2
v,

V. =
¢ 6

Y2 3000 % 609 *10~3 = 1491.74 KN.

N

*

6
V. = 0.75 % 1491.74 = 1118.8 KN
V=1

118.8 KN >V, =901.62 KN

..... The thickness of the slab is enough .

4.9. 3 Two way shear (Punching shear):

600

p = 200 = 1, by =4(0.6+0.609) = 4.836m?, a, = 40 — interior colum

FRB = 6b, * loaded area = 508.53 * 2.418 = 1229.6KN

Vu=4576.744-1229.6=3347.14Kn.

1 2\ |z 1 2 1 2
%—3(1+E)\/Zb0d ’ Wh@T@g(l'FE)—g(l‘l'I)—O.S

1 (asd / 1 (asd _ 1 (40+0.609 _
V== - +2)\/Zb0d ,  where —( s 2) == (£ 4 2) = 0.57
V. = é\/ﬁbod , Where % = 0.33333 — control
Take

1 [ 1
VC=§\Eb0d=VC=§\/ﬁ*4836*609*10‘3

= 4809.4KN
& * V, = 0.75 * 4809.4 = 3607.02KN

¢ V. =3607.02KN >V, =
3347.14 KN ..... The thickness of the slab is enough .
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4.9.4 Design for fluxure in both direction :
Take steel bar of @16 ,b = 3m,h = 700mm,d = 609mm
Fc¢' = 24 N/mm?, fy = 420 N/mm?

FRu = 508.53 * 3% 1.2 = 1830.71Kn

1.2
M, = 1830.71 = - = 1098.42KN.m

mn =22 1082 p20.47kN
n = P i = . .m
420
m= 2= ~ 20.6
0.85f!  0.85%24

M 1220.47%10°

R, = o= = 1.09 MPa
b*d? 3000%6092

1 2xRp*
p=ta- [1- £)

— L(l . \/1 _ 2*1.09*20.6) — 0.00267

"~ 206 420

As = p = b xd = 0.00267 * 3000 * 609 = 4875.5 mm?.
Agmin = p * b *h =0.0018 3000 * 700 = 3780 mm?
Agreq = 4875.5mm? > Ag pin, = 3780 mm?

use P16 then

A; 48755
Asgrs  201.06

take 25016 with Ag ,r, = 5026.54mm?* > Ag ., = 4875.5 mm?

= 24.25

n =

Step (S) is smallest of:
1-3h =3 x700 = 2100 mm

2- 450mm — control

3000—75%2—25%16
3-s = ” =102.1mm

s =102mm < Spu = 450 mm — OK
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4.10 Design of Stair:

4.10.1 Minimum slab thickness for deflection
(for simply supported one way solid slab)

L _ 410
hmin_ >0 20 = 20.5cm

Take hy,;;, = 20cm.

Flight Dead Load computations:

160
0= tan—l(—) = tan — 1(=——) = 28.072°

300

4.10.1 Load Calculation:

e Flight Dead Load Computation:

120
020 A L80 —FF— 130 —F4 020
020

S

Fig. (4-20) : Stair plan

Table 4-3: Dead load calculation for flight of stair

material Quality Density W kN/m
KN/m®

Tiles 23 23(>"2)4 0.03 % 1 = 1.173
Mortar 22 22%(*=22)% 0.02 x 1 = 0676
Stair steps 25 25 (0 16+0. 3) — 9
R.C solid slab 25 25%025+1 _ ¢ oo

€0528.072 )
Plaster 22 22+0.03+1 _4 749

c0s28.072° '
Total Dead Load > 10.267KN

Dead load = 10.267 KN/m, Live load = 4 KN/m
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e Landing Dead Load Computation:

Table 4-4: Dead load calculation for landing of stair (2)

Material Quality Density W KN/m
KN/m?

Tiles 23 23x0.03%1=0.69
Mortar 22 22x0.02+x1=0.44
R.C solid slab 25 25%0.2%1=5.0
Plaster 22 22%0.03x1=0.66
Sand 16 0.07*16*1=1.19
Total Dead load > 7.98

Total dead load = 7.98 KN/m, Live load= 4KN/m and the reaction from flight.

4.10.2 Design of Flight:

4.10.2.1 Design of Shear
gu=1.2D+1.6L
qu=18.7204KN

Max Vu=30.88*c0s28.072

Vu = 27.24 KN.

Assume dyp= 12

d =200-20-6 = 174 mm

dV. = o/ fc ' xbyxd) /6

=0.75 x /24 x 1000x174x10°3

=106.55 KN
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0.5% ¢V, =53.27 KN > 27.24 KN

The thickness of slab is adequate enough.

4.10.2.2 _Design bending moment :
Mu= 30.88 *(0.4+1.65)-(18.780*1.65*1.65/2)
Mu=37.74 KN.m
Mp= M,/ 0.9 =37.7/0.9 = 41.933 KN.m
Ki=M,/(bxd?)

= 41.93/ (1000x1742)

=1.38 MPa
m =f,/(0.85x fc')

=420/ (0.85 x 24)

=20.6

1 2Xkp %
p=2a- 1- )

_ 1. _ 2x1.38x20.6
P=2%06 (1 \/1 420 )

p =0.0034
—ASreq = p X bg xd = 0.0034 x 1000 x 174 = 522 mm”.
Aspin = 0.0018 xb +d
= 0.0018x1000%200
=360 mm?< 522mm? ............. Larger value is control.
Use @12
n= As/As@12
=522/113.09
=46

s=1=L1 - 0216m
4.6

n

-~ Take 5 @12/m, With As= 565.45 mm?/m or @12 @20 cm
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Step (S) is the smallest of:-
1) 3h =3%200=600 mm

2) 450 mm

280

3) 380 (F) -2.5xC;

280
2*420

=380 x (

) —2.5% 20 = 330 mm

280 280

4) 380 (F) = 380 (5*420

) =300 mm — control

S=250 <Smax =300 mm .... ok

For the Shrinkage and Temperature Reinforcement:
p = 0.0018
A= pxbxh=10.0018 * 1000 * 200 = 360 mm?.

_ ASreq _ 360 _ : 1
Number of @10 = o 788 4.5 — Spacing(S) = —=22.2 cm

~ Take 5 @10 /m with As=399.5 or 10@20 cm.
Check strain
T=c

565.5*420=.85*24*a*1000

a=11.52

x=11.52/.85=13.6mm

. = 174*00.003
) 13.6
g, =0.035> 0.005

—0.003

Step (S) is the smallest of:-
1) 5h =5x200 = 1000mm

2) 450 — control

S=200< Sphax =450 mm ... ok
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4.10.3 Design of Landing:
gu=1.2D+1.6L

qu=15.976KN
R=(15.976+30.88)*4.1/2=96.054
Design of Shear

( From face of support)

Max Vu=96.054-(15.976+30.88)*(0.174+0.1)
Vu = 82.215 KN.

Assume dp=12

d =200-20-6 = 174 mm

OVe = 0y/fc " xbyxd) / 6
= 0.75 x \/24 x 1000x174x10°
=106.55 KN
S5*pV, =53.275 KN <Max Vu 82.215 KN
The thickness of slab is not enough select h=250cm
So that
DL=9.23, LL=4, qu=17.476

4.10.3.1 Design for bending moment :
Max Mu=(30.88+17.476*4.1"2/8)
Max Mu=101.6
Mn=Mu/ 0.9 = 101.6/0.9 = 112.9 KN/m
d=250-20-7 = 223
Kn=Mn/(bxd?)
=112.9/ (1000x223?)
=2.27 MPa
m = f, / (0.85x fc )
=420/ (0.85 % 24)
=20.6

1 2%Kp X
p=—(1- /1—Tm)

_L(l_\/l_sz.mxzo.s)

P=206 420
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p =0.005
—Asreq = p X bg xd = 0.005x 1000 x 223 = 1115 mm?,
ASpi, = 0.0018 xbxh
=0.0018%1000x250
=450 mm?< 1115 mm? ............. Larger value is control.
~ Use @14
n= As/As@14
=1115/153.9 =7.2
s = % = 717: 0.138
Take 8 @14/m with As = 1231.5 mm?m or 14 @15 cm
step (S) is the smallest of :-
1) 3h = 3x250=750 mm

2) 450 mm

3) 380 () - 25 x C,
280
§*420

=380 x (

)—2.5x20 =330 mm

280 280

= 380 (F) = 380 (2*420) = 300 mm — control

S= 150 < Smax =300 mm ...ok

For the Shrinkage and Temperature Reinforcement:
p =0.0018

A= p*bxh=0.0018 * 1000 * 250 = 450mm?.

— ASreq _ 450 _ ‘ =1_ =
Number Of @10 = A 799 5.6 — Spacing(S) - = -17cm 170 mm

Take 6 @10 /m with As=471.2 or 10@200mm.
Step (S) is the smallest of:-
1) 5h=5x200 = 1000mm

2) 450 - control

S=200<Spax =450 mm ... ok

4.11 Design of Strip Footing:
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e Service dead load D, = 260 KN
e Service live load L, = 50 KN

® Yanet = 400 KN/mZ

e vysoil = 19KN/m3

4.11.1 Required size of footing:

Design of soil:
Assume h=30cm.

Sallow.net = 400 — (.03 * 25) — (0.5 * 19) = 383K N/m2
P, 260 + 50
A= = = 0.81 m?
Ga,net 383

A=a*x1Im—->a=081m
Take a = 90 cm.
Simplified method:
— Depth of footing and shear design:
P, =12%260+1.6*50=392KN
6bu < 1.4 = Sballaw.net

Pu 392
1.4 * Sballow.net 1.4 * 383
A=a*x1m->a=0.73m
Take a = 90 cm.

= 0.73m2

area =

Desiqgn of reinforced concrete:

5, = —2% _ 4356 KN /m?
v To00  F3OKN/m

Assume the depth of footing is h = 30cm
Assume cover 75 mm , and steel bars of 12

dapg =h—c—@ =300 —75—12 = 213 mm

4.11.2 One way shear:
,at distance d from the face of support:

V., = 6b, x b (a : d) 435.6 % 1 <0'9 025 0213) 48.8 KN
= *p*x|———— = b6*x]1x|———— 0. = .
u u 2 2 2 2
fl
V. = —V6wad

N

= Y% 1000 % 213 *10~3 = 1739 KN.

6
¢ *V.=0.75%173.9 = 130.44 KN
¢+ V. =130.44 KN >V, =488KN

..... The thickness of the slab is enough .
4.11. 3 Two way shear (Punching shear):

Perimeter B° is large

102



No design is required

4.11.4 Design for fluxure in both direction :

Take steel bar of 12,b = 0.9m ,h = 300mm,d = 6213mm
Fc' = 24N/mm?,  fy = 420 N/mm?

FRu = 435.6 * 1 x 0.325 = 141.6Kn

325
M, = 141.6 + = 23KN.m
Mn = Mu— 23 = 25.6KN
n = 3 0o - 2% .m
=D =220 __ 906
0.85f/  0.85+24
M, __ 25.6%10°
Ry = bed? _ 1000+213%2 0.56MPa
1 2%Rp*
p=n(— [1-=77)
= L<1 - |J1- —2*"'56*2"'6> =0.00135
20.6 420

As = p x b xd = 0.00135 % 1000 x 6213 = 287.55 mm?.
Agmin = p*b*h =0.0018 x 1000 * 300 = 540 mm? ... control
Agreq = 287.55mm? < Agpin = 540 mm?
use @12 then

A 540
Aggre  113.1
take 5012 /1m with A r, = 565.5mm?* > A ,0q = 540 mm?

=477

n =

Temperature Reinforcement =.0018*90*30=486cm?
select 5¢12 with As req=565.5mm? > Aspi,=486cm?
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4.12 Design of Basement wall:

Dead|0a¢=375 Kn

LiVE|0ad:96 Kn

concrete B300 Fc' = 24 N/mm?
Reinforcement Steel fy = 420 N/mm?

k°=1-sin30 = 0.5
e®=k°*xy*h=0.5x*18+3.64=32.76.

h 3.64
E°=e°*(§) =32.76*( > )=6OKN

Support Reaction :

MRA=0
60*2/3*3.64-Bx*3.64=0

Bx=40 KN

MRB=0
60*3.64/3 —Ax*3.64=0
Ax=20KN

V.atY="?
20-P(y)*y/2 =0

P(y) 3276

y 3.64
P(y)=9y

20-9%y*y/2=0
20=4.5%y*
y=2.11m

Mmax=20%2.11-9*2.11*(2.11/2)*(2.11/3)=28.1KN.m

Factored internal forces:
Pu=1.2*DI+1.6*LI
= 1.2*375+1.6*96
=603.6Kn
Vu=1.6*Vmax=1.6*40=64Kn
Mu=1.6*M=1.6*28.1=45Kn.m
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R/
L X4

X/
°

Design of shear :
Assume h=30cm
d=300-20-14=266mm

Vu max=64 KN
1
@ * vc = 0.75 * < V24 % 1000 * 266162.9Kn > Vu = 64KN

Design of Bending Moment:
Vertical reinforcement of Tension Face:-

Mu=45Kn.m
Rectangular section with b=1000mm , d= 266mm

m=420/(.85*24)=20.6
Kn=(45/0.9)*10° /(1000*266°)=0.71Mpa

1 1 1 2*20.6x0.71 00172
= —x% —_ —_ =,
PTeq =506 420

Asreq=.00172*100*26.6=4.58cm?’/m
ASmin=.0012*100*30=3.6cm?/m

5¢12/1m, As =5.65m?> 4.58cm?
100/5=20cm

Vertical reinforcement of Compression forces:-
Asreq=Asmin=3.6cm?/m

5@10/1m.

Horizntal reinforcement for two layer:
Asmin=.002*100*30=6cm?

For one layer As=3 cm?/m
select 8/20cm
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