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The Structural Design of the New College of Engineering Building
Project

WORKING TEAM:

Shymaa Abu Atwan Hanadi Sammour

Palestine Polytechnic University -2013

SUPERVISOR:

DR .NAFETH NASEREDDIN.

Project Abstract

It is a part of the project which has been designed by working on the advanced
proposal for the project rehabilitation and planning campus Palestine Polytechnic University
_ Wade a-harya, it designed in order to keep pace with and appropriate to increase the
number of university students greatly according to the standards and principles followed in
the design engineering colleges, and according to the reality and circumstances surrounding
the project.

The building consists of two magor blocks, With an area of 1,755 square meters,
where is linked in a harmonious and appropriate to its function and form of the building, the
first block consists of 6 layers, the second block consists of 5 layers, and each building
contains the elements of major movement of stairs, elevators, many classrooms, |aboratories,
in addition to the multi-purpose halls, it contains also an entire section of the administration
offices and staff stationed in a single block in the construction, linked with all layers of the
building.

God willing- The design Will be based on code requirements for the American Concrete
(ACl _318) and will be drawing on some programs, design and construction drawing
programs such as Autocad2007, Office2007, Atir, etc. It is worth mentioning that the use of
code Jordanian to determine the loads of live and will be available on some graduation
projects the previous , and the project will study the construction of detailed identification
and analysis of the structural elements and different loads and then the expected structural
design of the elements and the preparation of shop drawings based on design prepared for
all the structural elements that are structural frames of the building.
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List of Abbreviations

Ac = area of concrete section resisting shear transfer.
Ag = gross area of section.
Av = area of shear reinforcement within adistance (S).
At = area of oneleg of aclosed stirrup resisting tension within a (S).
b = width of compression face of member.
bw = web width, or diameter of circular section.
C. = compression resultant of concrete section.
s = compression resultant of compression steel.
DL = dead loads.
d = distance from extreme compression fiber to centroid of tension
reinforcement.
Ec = modulus of easticity of concrete.

fcd= compression strength of concrete .
fy = specified yield strength of non-prestressed reinforcement.

h = overall thickness of member.

Ln = length of clear span in long direction of two- way construction, measured

face-to-face of supportsin slabs without beams and face to face of beam or

X1




other supportsin other cases.

LL =liveloads.

Lw = length of wall.

M = bending moment.

Mu = factored moment at section.

Mn = nominal moment.

Pn = nominal axial load.

Pu = factored axial load

S = Spacing of shear or in direction parallel to longitudina reinforcement.
V¢ = nominal shear strength provided by concrete.

Vn = nominal shear stress.

Vs =nominal shear strength provided by shear reinforcement.
Vu = factored shear force at section.

Wc = weight of concrete. (Kg/md).

W = width of beam or rib.

Wu = factored load per unit area.

® = strength reduction factor.

€c = compression strain of concrete = 0.003mm/mm.
€s = strain of tension stedl.

és= strain of compression stedl.

p =ratio of stedl area.
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Chapter Four

4 - 1 Introduction.

4 - 2 Factored Loads.

4 - 3 Determination of thickness.
4 - 4 Design of Topping.

4 -5 Load Calculation.

4 - 6 Design of rib.

4 — 7 Design of Two Way Rib Slab.
4 — 8 Design of Beam.

4 -9 Design of Long Column.

4 - 10 Design of Isolated Footing .
4 — 11 Design of stair.

4 - 12 Design of shear wall.
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4.1: Introduction

Concrete is a construction material composed of cement (commonly Portland
cement) as well as other cementitious materials such as fly ash and slag cement,
aggregate (generally a coarse aggregate such as gravel, limestone, or granite, plus a
fine aggregate such as sand), water, and chemical admixtures. The word concrete

comes from the Latin word "concretus", which means "hardened" or "hard".

Concrete solidifies and hardens after mixing with water and placement due to a
chemical process known as hydration. The water reacts with the cement, which bonds
the other components together, eventually creating a stone-like material. Concrete is
used to make pavements, architectural structures, foundations, motorways/roads,

bridges/overpasses, parking structures, brick/block walls and footings for gates.

In This Project, there are three types of slabs: solid slabs, one-way ribbed and two-
way ribbed slabs. They would be analyzed and designed by using finite element
method of design, with aid of a computer Program called " ATIR- Software™ to find
the internal forces, deflections for ribbed slabs, and then hand calculation would be

made to find the required steel for some members.

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
AClI-code.
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4 .2 : Factored Loads.

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

members, is determined as follows:

Ou=12DL +1.6LL ACl — 318-08(9.2.1)
4.3 : Determination of Thickness:

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):

The minimum required thickness of the joist is:

L L : L
1550 =0.35135m for exterior span, 2—21 = 72—510 =0.356m  for interior span

185 185
L3 = 7.50 =0.356m for interior span (Beam)
21 21

ACI-318-08 (9.5a)

g |

L L
L

]

Ml

. | = [Ljs—
i B e 'miiM J

Fig. (4-1) Spans location




4.3.2 Determination of Thickness for Two Way Ribbed Slab:
Assume the thickness of slab is 36 cm .

E% ==
L= ==
! X
-
III
r

Fig. (4-2) Two way rib slab Location

1 40 x8x4+12x36x18

y =12.043cm
40 x 8 +12 x 36
Ib(0.8) = bh * = 0.8(0.36)° =31.104 x10 *m*
12 12
3 3
16(0.6) = blg _0.60:36) =23.30x10*m*

0.52(0.12043 )° _ 0.4(0.04043 )°  0.12(0.23957 )°

Irib = ! : : ~8.439 x10 *m*
4
g, = 843910 (g8 720y _ 79 49710+
0.52 2
8,439 10" 8.8, _ ‘
ls2 = 0.52 (08+ 2 )_84'39*10
-4
= 2390 084270, B8y 138 7610
0.52 2 2
4
L =0 g, 810 720y 138 76,104
0.52 2 2
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-4
o b _ 3110840° o)),

ls  138.76 x10~*

-4
a, = Ib _ 31.104x10 - _0.436
Is 71.407 x10
-4
a, = Ib _ 31.104x10 - _0.9242
Il 138.76 x10

-4
a, :m: 31.ZI.04><1074 —0.2242
Is 138.76x10

a =0 2 TR 0277

_ Ln(0.8+ fy/1400)
™" " 36+5b(a,. —0.2)

b=25 122
7.20
02<ag, <2

h - 8.8(0.8+420/1400)  _pery
36+5x1.222(0.277-0.2)

Select Slab thickness h= 36cm with Topping 8cm.
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4.4 : Design of Topping: T

Design of Topping for Ribbed Slab:

boko Mok | ZFaml — 8

Dead load for topping =
0.03 x 22 x1 (tiles)

+ 0.02 x 22x1 (mortar)
+ 0.07 x 16.4x1 (sand)
+ 0.08 x 25x1 (slab)
+ 2.38x1 (partitions’) = 6.628 KN/m
Live Load = 5x1 = 5KN/m. (for Stores) . Fig. (4-3) Toping of slab
Wu = (1.2 x6.628 ) + (1.6 x 5)
=15.954 KN/m

—> For a one meter strip Wu = 15.954 KN/m

Assume slab fixed at supported points (ribs):

2
MU :Wu><|
12
2
Mu :M: 0.2127 KN.m
12
fr =0.42x ,/ fc' ACI-318-08 (22.5.1)

fr =0.42x+/24 =2.0576 MPa
=2.0576 x1000 = 2057.6 KN / m’

Mn=frxs
bh?  1.00x0.08

6
Mn = 2057.6x1.067 x10 = 2.195 KN.m

® Mn =0.55 x 2.195=1.21 KN.m

S= =1.067x10°m®

® Mn =121 KN.m > Mu =0.2127 KN.m
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No structural reinforcement is needed. Therefore, shrinkage and temperature
reinforcement must be provided.
For the shrinkage and temperature reinforcement:
p =0.0018 ACI-318-08 (7.12.2.1)

As = p x b x h=0.0018 x 1000 x 80 = 144 mm?

Try bars @ 8 with As =50.27

Bar numbers n=£— 144 =287

Asf8 5027
Take 3 ®@ 8 with As = 150.8 mm?#/m strip or ® 8 @ 300mm

In both direction step (S) is the smallest of :-

1) 3h=3*80=240mm............control ACI-318-08 (10.5.4)
2) 450mm
3) s= 380(&]—2.500 380 =282 | 25420 = 330 mm but
fs
3% 420

s< 300(@} =300 280 =300mm

S §X420 ACI-318-08 (10.6.4)

4) Take ® 8 @200mm in both direction S= 200mm<Smax =240mm.....ok

\UseCD8@200m
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45 :Load Calculation:

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:

Cre way rib slas “ Shrinkags & Tempertuer Bars —,

il Elsek { P8 erm ) —

Fig. (4-4) One way rib slab

Effective Flange width ( b.) ACI-318-08 (8.12.2)

R For T- section is the smallest of the following:
b, =3.7/4=925cm
b, =12+16t=12+ 16 (8) = 140 cm

be - B2¢cm oo, control
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Calculation of the total dead load for one way rib slab is shown in the

following table:

No. | Partsof Rib Calculation
1 Rib 0.12x 0.28 x 25 = 0.84 KN/m
2 Top Slab 0.08x0.52x25 = 1.04 KN/m
3 Plaster 0.02x0.52%x22 = 0.2288 KN/m
4 Sand Fill 0.07 x 0. 52 x 16.4 = 0.59696 KN/m
5 Tile 0.03x0.52x22 =0.3432 KN/m
6 Mortar 0.02x0.52x22 =0.2288 KN/m
7 partition 2.38x0.52=1.2376 KN/m

4.52 KN/m

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

Nominal Total Dead Load:

D.L. tot1 = 0.84 + 1.04 + 0.2288 + 0.59696+ 0.3432 + 0.2288.2376+1.2376
4.52 KN/m of rib
Live load =5 x 0.52 = 2.6 KN/m of rib
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4.6 : Design of Rib :

i

f i
E==E==S@ ====E

Fig.(4-5) Rib location

By using ATIR program we get the envelope moment and shear diagram as the

follows:-
1 2 3
1 2
A A
1 ) e e— | e —
0.8 ‘ 4.6 ‘ 0.8 ‘ 3.3 0.8
f | T 54 4.1 ‘
52 I 1
36.
12.
A-A

Fig. (4 - 6) Span length of rib
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load group no. 1
Dead/Live load - Service Load factors: 1.20,1.20/1.60,0.00

4.5(2.6 4.5/2.6

5.4 4.1

Fig. (4 - 7) surface Load of rib (1)-(KN.m).

Moments: spans 1to 2

-28.5
-16.8 -18.7
| 1.362.23 |
<= } 096101 i
5.1
7.7 11.4
23.6
| 2.16 } 3.24 | 2.46 } 1.64 |
Fig. (4 - 8) Moment diagram for rib -(KN.m).
Shear
-31.2
-24.2
-14.8
-7.8
I I I I
14.3
21.3 19.6
26.6

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

Assume bar diameter ® 12 for main positive reinforcement :-

db 12

d=h-cover -d —?:360—20—10—?=324mm

stirrups

The maximum positive moment in all spans of rib 05 Mu =23.6 KN.m

» Use M, max positive for span = 23.6 KN.m

» Determine whether the rib will act as rectangular or T — section:
For hf=0.08 m
d=360-20-10 —% =324mm

fMn=0.9x0.85x fic/x bx hf x(d _%)

fMn=0.9x0.85x24x0.52x0.08 x (0.324 —0—;)8) =216.91KN.m

® Mn =216.91 KN.m > M, = 34.3 KN.m

Design as a rectangular with , =52 cm

Vi
As min = bw)(d ACI-318-08 (10.5.1
s =2 O (105)
V24 _ ?
A's min —m(120)(324) =113.38mm

A's min zib d
(fy)(W)( )

A's min =%(120)(324) =129 .6mm? .....control

fy 420

0.85fc’ 0.85 x 24

Mn  (23.6/0.9)x (10)°°

kn = - = 5
bd (0.52)(0.324)

= 0.4804 MPA
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oLyl _2mkn ) 1 1_\/1_2><0.4804 x20.59 | _ 0 o116
fy 20 .59 420

As = 0.00116 (520) (324) = 195. 436 mm?> As min = 129.6 mm’
# of bars = As / Aspar = 195. 436 /113.1 = 1.73 * Note Ao = 113.1 mm’

Select bottom bars 2912

Total AS (rovidey =226.2 mm?

* Check Strain:

Tension = Compression
A x fy=0.85x f /xbxa
226.2x420=0.85x24x120xa
a=238.81mm
c=—
bl
38.81
C:—
0.85

=45.66mm

. _324-45.66
* 4566
e, =0.0183>0.005

x0.003=0.0183

» Use M, max positive for span =11.4 KN.m

® Mn =216.91 KN.m > M, =28 KN.m

Design as a rectangular with , =52 cm

fc'
As min = bw)(d ACI-318-08 (10.5.1
s =30 OAE) 105.0)
V24 _ ?
A's min —m(120)(324) =113.38mm
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A's min zib d
(fy)(W)( )

A's min —%(120)(324) ~129 .6mm? .....control

fy 420

0.85fc’ 0.85 x 24

_ Mn _ (11.4/0.9)x (10)°°
“bd?  (0.52)(0.324 )2

1 2 mkn 1 2 % 0.232 x 20 .59
r=—1-_[1- = 1-.J1-
m fy 20 .59 420

0.0005556

kn

= 0.232 MPA

_‘
I

A =0.005556 (520) (324) = 93.6 mm’< As min = 129.6 mm?
# of bars = A / Aspar = 129.6/113. 1 = 1.15 * Note Ao = 113.1 mm?

~ Select bottom bars 212

Total AS (providey =226.2 mm?
* Check Strain:

Tension = Compression

A, x fy =0.85 x f_/'’xbx a
226.2x420=0.85x24x120xa
a=238.81mm

a
C=—
b,

C= @ =45.66mm
0.85
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3244566

e, x0.003=0.0183
45.66

e, =0.0183>0.005

Ok.......

4.6.2 :Design of Negative Moment for Rib :
According to ACI 8.9.3 — for beams built integrally with supports, design on the

basis of moments at faces of support shall be permitted.

The maximum negative moment at the face of support is
Mu = 18.7 KN.m
® Mn =216.91 KN.m > M, =42.5 KN.m

Design as a rectangular with , =12 cm

fc'
As min = bw)(d ACI-318-08 (10.5.1
s =30 OAE) 105.0)
V24 _ ?
A's min —m(120)(324) =113.38mm

A's min zib d
(fy)(W)( )

fy 420

0.85fc’ 0.85 x 24

_ Mn _ (18.7/0.9)x (10)"
“bd2  (0.12)(0.324)?

c_ L[y f_2mkn ) 1 1_\/1_2><1.65><20.59 — 0.0041
m fy 20 .59 420

A =0.0041 (120) (324) = 159.42 mm?> As min = 129.6 mm?
# of bars = A / Aspar = 159. 42/201.1 = 0.8 * Note Ags = 201.1 mm?

kn =1.650

Select bottom bars 2914

Total AS (rovidey =402.2 mm?
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* Check Strain:

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

402.2x420=0.85x24x120xa
a=69mm

c=—
b,
69

c=——=281.2mm
0.85

o - 324-81.2
s 81.2
e, =0.0089 > 0.005

% 0.003=0.0089

4.6.3 : Design of shear for rib :

The maximum shear force at the distance d from the face of support Vu =24 kN
Shear strength, V¢, provided by concrete for the ribs may be taken 10% greater than
that for beams. This is mainly due to the interaction between the slab and the closely
spaced ribs (ACI Code, Section 8.13.8).

VU critical = 242 kN
Use @10 with two legs
Av =2x79=158 mm2

1- VuS%xl.lx(DVC

%xl.lx(DVC:%xl.lxd) V;C xb,, xd

2
6

x0.12x0.324x1000 =13.1 kN

%X1_1x®Vc=%xl.le.75x

56



Vu > %(I) AV/ I not control

%@Vc <Vu<dVe

1.1x®dVc=1.1x0.75x

2
6

x0.12x0.324 x1000 = 26.2

PVc=26.2>Vu=24.2

Use ®©10 with two legs

4-7 Design of Tow way Ribbed slab:

4-7-1 Dead Load Calculation :

Tiles
Mortar
Sand
Topping
Block
Rib
Plaster

partition

0.03*0.52*%0.52*22 = 0.178 kKN/0.52*0.520f rib
0.02*0.52*0.52*22 = 0.119 kN/0.52*0.520f rib
0.07*0.52*0.52*16.4 = 0.31 kN/0.52*0.520f rib
0.08*0.52*0.52*25 = 0.541 kN/0.52*0.520f rib
0.4*0.28*0.4*9 = 0.403 KN/0.52*0.520f rib
0.28*0.12%(0.52+0.4)*25 = 0.662 kN/0.52*0.520f rib
0.02*0.52*%0.52*22 = 0.119 kKN/0.52*0.520f rib

(2.38) (0.52) *0.52 = 0.644 kN/0.52*0.520f rib

Dead Load = 2.976 kN/0.52*0.520f rib

Dead Load per unit area = 2.976 / 0.52*0.52= 11.01 KN/m?

Live Load = 5 KN/ m?
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0, =1.2 D =11.01*1.2=13.21 kN/m?
Q, = 1.6 L =5*1.6=8 KN/m?
q, =21.21 KN/m?

bw=12cm h = 36cm
d=360-20-8-7=325mm

2.8
Cio4 BoL?

e I o E
= QOOO00000000000Ooony —
= I [ oo =
= | [
i b | O I —
=h4e ([l Loty= =
e I | ooy
= OOOO0O00000000000 B
i EIEIEIEIEIEIEIEIEIEIEIEIDEIEIE s
= [OO00000000000000000 [
= I [ oo 1 —
= ([ a0ty &=
= L F

trir o

L e e e e Ll e e T L L o T W T |

Figure (4-10): two way rib slab.

4-7-2 Designs of moment:

— Design of positive moment:

La/ Lb=7.2/8.8 =0.818
From table (12-4)
Assume Case (8)

C,,=0.031

C, 4 =0.0157
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M,a = Cog * Qyp * (L2) ?
Mpa = Cog * Qo * (Lb)z
From table (12-5)

C,..=0.0426

G, =0.02

M, = Ca,LL i (La)z

My, = Cb,LL * Q, * (Lb) ?

Mipos= (Mg + M, ) *0.52 =

a,pos

{(0.031*13.21*(7.2) 2) +(0.0426*8* (7.2) 2)} *0.52=20.23 KN.m / rib
Mb,pos: (Mpg + My, ) *0.52 =
{(0.0157*13.21*(8.8) 2) +(0.02*8* (8.8) 2)} *0.52 =14.79 KN.m / rib

M, .=20.23 KN .m

a,pos

M, < 0-85=F¢=bf =t i (d _'—;_1]

0.08

Mnf=0.85*24*o.52*o.08*(' =2 )*103=241.86KN m

® Mn, =09 *241.86 = 217.67 KN .m >> M, .

rectangular section

Design as a rectangular with bz =52 cm

M, s 202
Mn = P = 0 3=22.48KN.m

() 0.9
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ns. =3 axd)s f;‘(bw)(d) .................... (ACI ~10.5.1)

V24 1.4
As.., =—F——=12)32.5)>—(12)32.5
As,. =113.73<130............. the larger is control
As . =130mnt
Mn
Kn= ——
b*d?
* -3
= —22'48 10 > =0.409 Mpa
0.52*(0.325)
m = fy - = 420 =20.588
0.85*fc  0.85*24
1 2mKn
p=—(@1- [1- )
m fy

) =0.984 * 107

. 1 i \/1_2(20.588)(0.409)
20.588 420

Areq=p*b*d=0984*10°*52* 32,5 = 166.3 mm?
166.3 mm?> As,;,, =130mnT

* Note Agpp = 113.1 mm?

Then we select (2) bars ®12 A provided = 2*113.1= 226.2mm’

e Check for yielding

Tension = compression
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As*fy=085*f *b*a

226.2*420=0.85*24*520*a
a=_8.96mm
c=2 -89 10 54mm
b, 085
o = 325-10.54
s 10.54
e, =0.0895>0.005

X0.003

= Ok
Use 2® 12mm , As =226.2mm? iny direction

Use 2 10 mm , As =157 mm? in x direction

— Design of negative moment:

1
Asneg 2 5 ASpos

Use 2® 14 mm , As =308 mm? iny direction

Use 2d 16 mm , As =402.2 mm? in x direction

4.6.3 Design of shear:
La/ Lb=7.2/8.8=0.818
From Table (12-6) :
Case (8)

W =0.528
W, =0.472

V.= q,* La*W *(0.52/2)
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V,, = 21.21* 7.2 *0.528 *(0.52/2) = 20.96 KN

V,,=21.21* 8.8 *0.472 *(0.52/2) = 22.9 KN control

Ve = @ bw *d

= % *120 * 0.325 =31.84 KN

® Vc= 0.75* 31.84= 23.88 KN
0.50Vc=11.94 <Vu=22.9 < dVc=23.88

No need for shear reinforcement.
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4.8 : Design Of beam for flexure :-

| [
1K N
[ |
o
| Bt L
| E |
| . |
| =

Fig.(4-11) Beam location

Load calculations for Beam 15:

The distributed Dead and Live loads acting upon the Beam 15 can be defined from

the support reactions of the rib 5

Fectorad

DeacR
LiveR
WaxR
MinR
Service
CeacR
LiveR
MaxR
MinR

—— I
1165 T T8
9,64 5,08 L&
2.9 &7.77 14.7%
.5 424 3
am .25 593
B2 1657 475
15,13 &3 10.74
9.27 | 467

Fig.(4-12) support reactions of the rib 5
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Dead Load calculations:

The maximum support reaction (factored) from Dead Loads for rib 5 upon beam
115is 7.18 KN . The distributed Dead Load from the Rib 5 on Beam 15:

= 718 =13.81KN/m

DL fromyip1s 0 52

Assume the width of the beam = 0.6 m , then the own weight of the beam and the

weight of the floor layers within the beam width can be calculated:

Dead load of topping =
0.03 x 22 x0.6 (tiles)
+ 0.02 x 22x0.6  (mortar)
+ 0.07 x 16.4x0.6  (sand)
+ 0.36 x 25 x0.6 (RC beam)
+ 0.02 x 22 x 0.6 (plaster)

+

2.38x 0.6 (partitions’) = 8.44 KN/m
Dead load of the wall= 3.5x0.3x25=26.25 KN/m
The total factored Dead Load: Wbr= 13.81+1.2x8.44 = 23.94 + 26.25 = 50.19 KN/m

Live Load calculations:

The maximum support reaction (factored) from Live Loads for rib15 upon beam
115is7.61 KN . The distributed Dead Load from the Rib 15 on Beam 115:

E:M.GSKN/m

LL fromribll - 0 52

The Live Load within the beam width (b=0.6 m) can be calculated:
LL =0.6x5 =3 KN/m
The total factored Live Load: WiL = 14.63+1.6 x3 =19.43 KN/m
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By using ATIR program we get the envelope moment and shear diagram as the

follows:-
1 2 3 4 ]
1 2 a B
= 1 ﬂ 1 1 FTI 1 1 ﬂ 1 1 1
.= 4 n.=s 5.8 L B %.a [a B 3 25 (]
I P I 4.2 ! I I 4.2 I f I 4.2 I L ! 4.7
; b . e
2] H f
e Al —— “ — &
— — — o
OB 7 0B z4 _OE X 0.2
r T FE T T A T T 1,4 T 1
| | | I
a0
A A
Fig. (4 - 13) Spans length of Beam
E02119.4 50.218.4 51.019.4 50 EHEAI
b I |..; E 1] L : : = 3
E g 7 47 e
B2 5.4 BOITY4 HU.p19.8
— e — A ¥ +
3 ‘ [ (X3
Fig. (4 - 14) Factored Load of Beam-(KN.m).
A434 ) -151,
1148 1159 mai= 4225
-81.1 384
-124 ’l\ 57.7 / 55 5, f\-&i.r 69901 649 g9 / /
1 1 5 1‘_@| §|£| / 1251 %
: 5 S \ Ht— = “ ? ,Jf.'ﬁ H
IEEIRS .,
\\/M jDL_J_ e /H
59.3
1225
|18 252 | 21 21 | 21 21 | 205 2905 | 235  ra5 | 2 21 | e

Fig. (4 - 15) Moment diagram for Beam -(KN.m).
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H // 11 // 11 /" 11 A f / R ; f £ i|
,f / / /,f”' P / //

e 7’/ 7 1ss —,/f ¢ 1055 /

126.3 L I 1243 V" " ik
170.7 1637 158, . 1579

Fig. (4 - 16) Shear diagram for Beam -(KN)

Assume bar diameter @ 18 for main positive reinforcement.

b, =60cmh=36cm

d =360—40—8—%=303mm

The maximum factored moment in Beam 15 Mu =122.5 KN.m .

Take @ = 0.9 for flexure as tension-controlled section
Assume p = 0.4 p»
Take 3 = 0.85 (fc' = 24).

rb=085-C bl( 600 J —0.85x-2% 0.85(ﬂj — 0.02429

fy '\ 600+ fy 420 600+ 420
p = 0.4 pb = 0.4 x 0.02429 = 0.009716
fy 420

0.85fc" 0.85x24

Kn=r x fy(l—%j — 0.009716x 420(1— 0.00971§>< 2059) — 3.67MPa

bd? — w 3 122.5x10°
fkn 09x3.67
b=403.63mm

=bx303?

Take b=60cm
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Check whether the section will be act as singly or doubly reinforced section:

Maximum nominal moment strength from strain condition €s =0.004

C=3d= 3x303=129.9mm.
7 7

a=pfxc=0.85%129.9=110.4 mm.
mn max = 0.85x fc' x a x b x (d- a/2)

=0.85% 24 x 0.1104 x 0.6 x (0.303 — 0.1104/2) = 334.85 KN .m
® Mn = 0.82 x334.85 = 274.58 kN .m
® Mn=274.58KN.m > Mu=122.4 KN.m

** Design of beam as singly reinforcement concrete .

4.8.1 : Design of negative moment :

Take Mu =884 kN.m ............ from Atir program

Kn= Mn _ 884/09x10° . Mpa
bxd? 0.6x(0.303)°
fy 420

m= =
0.85fc’ 0.85x24

=20.59 mm?2.

As,, = %(bw)(d) > %(bw)(d)—>(ACl ~105.1)

N—"

As, = 4—(600)(303) > m(eoo)(sos)

)

As,;, =530.14 <606 —— Thel arg estiscontrol . = 606

J24 1.4
(420

As_. =606mnT

_ 1 - \/1_2(20.59)(1.78)):0_OO444
20.59 420
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As = 0.00444 (600) (303) = 807.19 mm2 >As min =606 mm?

AS., 807.19
As, 2545

# Of bars = =317

Note Ap1g = 254.5 mm?2

~ Select bottom bars 418

TOtal AS (provide) =1018 mm 2

Check for yielding:
Tension = Compression
A x fy=0.85x f /xbxa

1018x420=0.85x24x600x a
a=34.93mm

c=—
b,
34.93
C=

———=41.09mm
0.85

o 303-41.09
° 41.09
e, >0.005.............. ok

%x0.003=0.0191

Check for bar placement :

o - 600-2x40-2x8-4x18
s 3

Take MU=8L1 kN m «eovreennnn. from Atir program

-3
Kn= Mn o BLLO09X10° o

" bxd?  0.6x(0.303)
fy 420

0.85fc" 0.85x24

—E W >E wid )——> -
AS,, _4(fy)(b Xd)> fy(b Xd)——(ACI —10.5.1)

=144mm> 25mm.....ok
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V24 1.4
As, = m(aoo)(sw)z m(aoo)(sos)
As,.. =606mnT

0= 1 1- \/1_ 2(20.59)(1.63)): 0.00405
20.59 420

As = 0.00405 (600) (303) = 736.29 mm2>As min =606 MM2 - .

' Select bottom bars 416

TOta| AS (provide) =804.4n-m 2

Check for yielding:
Tension = Compression
A x fy=0.85x f,/'xbxa

804.4x420=0.85x24x600x a
a=27.6mm

=32.47mm
5

o _ 303-32.47
° 32.47
e, =0.025>0.005.............. ok

x0.003=0.025

Take MU=69.9 kN .m «eovevnene. from Atir program

Kn= Mn _ 69.9/0.9x10°° _ 1.41 Mpa
bxd? 0.6x(0.303)*
fy 420

m= =
0.85fc" 0.85x24

=20.59
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As. = (£ (ow)d)> (bw)(d)—>(ACI ~10.5.1)

53

As,. =——(600)303)> 1'—‘g((soo)(sos)

4(420)
As,.. =606mnT

420
As = 0.00348 (600) (303) = 632.66 mm2>As min =606 mm2 .

0= 1 1_\/1 2(2059)(141)) 0.00348

Select bottom bars 4916

Total AS (provide) =804.4 mn =
Check for yielding:
Tension = Compression

A x fy=0.85x f,/'xbxa

804.4x420=0.85x24x600x a
a=27.6mm

=32.47mm
5

o 303-32.47
s 32.47
e, =0.025>0.005.............. ok

x0.003=0.025

Take Mu =65.3 kN ..m ............ from Atir program

Kn= Mn _ 65.3/0.9x107° _ 1.32 Mpa
bxd? 0.6x(0.303)>
fy 420

T 085fc  0.85x24

=20.59

70



As. = (£ (ow)d)> (bw)(d)—>(ACI ~10.5.1)

53

As,. =——(600)303)> 1'—‘g((soo)(sos)

4(420)
As,.. =606mnT

0= 1 (1_J 2(2059)(132)) 0.00325
20.59 420

As =0.00325 (600) (303) =590.85 mm2<As min =606 mm? .
Use As =606 mm?

Select bottom bars 4914

TOta| AS (provide) :6156 mm 2
Check for yielding:
Tension = Compression

A x fy=0.85x f xbxa

615.6x420=0.85x24x600x a
a=21.12mm

a
cC=—
b,
= % = 24.85mm
0.85
o = 303-24.85
s 24.85

e, =0.0336>0.005.............. ok

x0.003=0.0336

Take MU =587 kN .m «eovveennnn. from Atir program

Kne Mn _ 58.7/09x10° Mpa
bxd? 06x(0.303)°
fy 420

T 0.85fc  0.85x24

=20.59
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Jfc 1.4
As. = m(bw)(ol) y = (bw)d)——(ACI —10.5.1)
V24 1.4
As, = 4(4—20)(600)(303) > 4—20(600)(303)
As,,, =606mnt
o=—1 (- \/1 220-59)1-18) ) _ 59
20.59 420

As =0.0029 (600) (303) =527.22 mm2<As min =606 mm? .
Use As =606 mm?

' Select bottom bars 414

TOta| AS (provide) =615.6 mm 2

Take MU=57.7 itn .m weovevennnn. from Atir program
-3
Kn= Mn _ 57.7/0.9><102 - 1.16 Mpa
bxd?  0.6x(0.303)
fy __ 420 =20.59

T 085fc  0.85x24

As,, = E(bw)(ol) > %(bw)(d)—>(ACl ~105.1)

4(ty)
24 1.4
As,. —4(4—20)(600)(303) 420(600)(303)
As,,, =606mnt
o=—1 (- \/1 220-59)2-16) ) _ 5985
20.59 420
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As =0.00285 (600) (303) = 518.13 mm2<As min =606 mm2 .
Use As =606 mm?

' Select bottom bars 414

TOta| AS (provide) =615.6 mm 2

4.8.2 : Design of positive moment :

Take MU =1225 kw m «ovevrnennn. from Atir program

® Mn=274.58KN.m > Mu=122.5 KN.m

Kn= Mn _1225/0.9x10°°

= _—__= >—=2.47 Mpa
bxd?  0.6x(0.303)

fy 420

0.85fc" 0.85x24

As,, = E(bw)(ol) > %(bw)(d)—>(ACl ~105.1)

A(fy)
V24 14
i =——=(600)303)> ——(600)303
At = 11420 COVI309)> 5 (600)309)
As,;, =530.14 <606 —— Thel arg estiscontrol . = 606
As,. =606mn?

_ 1 1- \/1_2(20.59)(2.47)):0_00629
20.59 420

As =0.00629 (600) (303) = 1143.5 mm? >As min =808 mm? , - .
Select bottom bars 5 & 18 mm.
Total As=1272.5 ., -
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Check for yielding:
Tension = Compression
A x fy=0.85x f,/xbxa

1272.5x420=0.85x24x600x a
a=43.66mm

c=—
b,
43.66
C=

———=51.36mm
0.85

o _ 303-51.36
° 51.36
e, =0.0147>0.005.............. ok

x0.003=0.0147

Take Mu = 110kN.m ............ from Atir program

Mn _ 109.9/0.9x107°

Kn=_""_-= -—=2.22Mpa
bxd?  0.6x(0.303)
p=}(l- 1_2mKn)
m
fy 420

=20.59

m= =
0.85fc’ 0.85x24

_ 1 - \/1_2(20.59)(2.22)):0.00561
20.59 420

As = 0.00561 (600) (303) = 1019.9 y - .

As. = %(bw)(d) > E(bvv)(o|)—>(Ac| ~10.5.1)
V24 1.4

As, = 4(4—20(600)(303) > 4—20(600)(303)

As,,, =606mnt

' Select bottom bars 5018

TOta| AS (provide) =1272.5 mm 2
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Take Mu=86.7«x .m ............ from Atir program

Mn _ 86.7/0.9x107°

Kn=_""_-= >—=1.75Mpa
bxd?  0.6x(0.303)
p:}(l- 1_2mKn)
m
fy 120 _ 2059

m= =
0.85fc" 0.85x24

As,, = E(bw)(ol) > %(bw)(d)—>(ACl ~105.1)

4(ty)
V24 1.4
As, = m(aoo)(sw)z m(aoo)(sos)
As,.. =606mnT
0= 1 . \/1_ 2(20.59)(1.75) ) = 0.00436
20.59 420

As =0.00436 (600) (303) = 792.65 mm?2 < As min =808 mm?,
Use As =606 mm?2.

 Select bottom bars 416

TOta| AS (prowde) :8044n‘m 2

Check for yielding:
Tension = Compression
A x fy=0.85x f,/xbxa

804.4x420=0.85x24x600x a
a=27.6mm
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a
C [
bl
c= 2r6 =32.47mm
0.85
e, = 30373247, 003-0.025
32.47
e, =0.025>>>0.005............. ok
Take Mu=73.9w .m ............ from Atir program
-3
Kn= Mn _ 73.9/0.9><102 - 1.49Mpa
bxd?  0.6x(0.303)
p= }(1_ 1_2mKn )
m
fy 420 _ 5059

m= =
0.85fc" 0.85x24

As,, = E(bw)(ol) > %(bw)(d)—>(ACl ~105.1)

4(ty)
V24 1.4
As, = m(aoo)(sw)z m(aoo)(sos)
As,.. =606mnT
0= 1 1- \/1_ 2(20.59)(1.49) ) = 0.00369
20.59 420

As = 0.00369 (600) (303) = 670.84 mmz >As min =606 mm2.

Select bottom bars 4916

TOta| AS (provide) :8044n‘m 2

Check for yielding:
Tension = Compression

A x fy=0.85x f xbxa
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804.4x420=0.85x24x600x a
a=27.6mm

a
bl
27.6

C=——=32.47mm
0.85

o 303-32.47
° 3247
e, =0.025>>>0.005............. ok

C=

x0.003=0.025

Take Mu =60.7«n .m -............ from Atir program

-3
kn= Mn__ 80.7/09x10° )\

bxd?>  0.6x(0.303)

2mKn
- )

p=1(1-
m

fy 420

0.85fc’ 0.85x24

_ VT ) > 2 (o d)—s(ACI -
As,. _4(fy)(b Xd)> fy(b Xd)——(ACI —10.5.1)

24

14
As =Yoo

(600)(303)> 20 600)(303)

As,;, =606mn?

1- \/ 2(20.59)(1.22) ) = 0.002997
20 59 420

As =0.002997 (600) (303) = 544.85 mm2 < As min =606 mm?2,
Take As =606mm?2

' Select bottom bars 414

TOta| AS (provide) =615.6 mm 2
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Take Mu =593 m ............ from Atir program

Mn _ 59.3/0.9x10°°

Kn=_™"_= >—=1.2Mpa
bxd?  0.6x(0.303)
p:}(l- 1_2mKn)
m
fy 420 =20.59

m= =
0.85fc’ 0.85x24

As. = E(bw)(ol) > %(bw)(d)—%ACl ~10.5.1)

4(ty)
V24 1.4
As, = m(aoo)(sw)z m(aoo)(sos)
As,.. =606mnT
p= 1 (1- Jl_w):o_oozg
20.59 420

As =0.0029 (600) (303) =527.22 mm? < As min =606 mm2.
Take As =606 mm?

Select bottom bars 4914

TOta| AS (provide) :6156 mm ?

Take Mu =54.3kN.m ............ from Atir program
-3
Kn= Mn _ 54.3/0.9><1O2 - 1.1Mpa
bxd?  0.6x(0.303)
p=}(l- 1_2mKn)
m
fy 420 _ 20.59

m= =
0.85fc’ 0.85x24

VT ) > 2 (o d)—s(ACI -
As,. _4(fy)(b Xd)> fy(b Xd)——(ACI —10.5.1)
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J24 1.4
As, = m(aoo)(sw)z m(aoo)(sos)

As, . =606mn?

0= 1 - \/1_ 2(20.59)(1.1)):0_0027
20.59 420

As =0.0027 (600) (303) = 490.86 mm2 < As min =606 mm?2,

Take As =606 mm?

Select bottom bars 4914

TOta| AS (provide) :6156 mm ?

4.8.3 : Design of shear for Beam :

ACI - 318 — Categories for shear design:
VU critical = 1465 KN
Use ®8 with four legs

1- WVu S%X(DVC

x600x303x107° =55.66KN

fVc “ 1 /24
2 2 6
Vu > %(I) AV/ I not control

2- %@Vc <Vu<odVe

J24

fVc=0.75 6 x600x303x107° =111.33KN

Vu > ®dVc.....not control

3- dVecsVusodVe+ dVsmin

®Vs,, >0.75 (%)x bw x d > oizs JTc < bw xd
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OV m,n_075( )% 0.6x 0.303 1o3>01ﬂ\/_ 0.6 x0.303x10°

dVs,,, >45.45> 41.75kN

m|n -

DVs,,, =45.45kN

dVe+dVs,,, =111.33+45.45=156.78KN
So Item (3) satisfy.

Minimum shear reinforcement required, so;

Av bw

—> =9.524 *10* control
S 3*fy
1/ fc'’bw
=9.524 *10™
16 fy
Try4leg ® 8 ® 8 =50.24 mm2
* * -6
Av _ 4*50.24*10° _ 0.524 *10°
S S
S=211mm
< 600 mm

<dl2=290/2=145mm control

Use S=12.5cm

Use4leg ®8at12.5cmclc

Vu>®d Ve + & Vs.....not control

4- cDVc+<I>VsmmsVu<cDVc+cD><% fc' xbwxd

CI)\/?]:_C><bW><d:O.75><\/§_Ar

%x0.8x0.303x1000=296.9KN

CI)VC+®><3w/fC xbwxd =148.44+296.9 = 445.34KN >Vu = 289.4KN

All Vud Are within item 4
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®Vs,,, +®Vec=Vu
= ®Vs,, =Vu-DdVc=289.4-148.44=140.96kN

_ OxAvx fytxd 0.75x201.1x420x303

S
red dVs 140.96x10°

Ssgs 600
2
Sz%zlS.lSCm

Select @8 @ 13.5cm c/c  (4leg)

4.9 Design of Long Column (C41) :

4.9.1 Design of Longitudinal Reinforcement :

Select column (C41) for design

Pu = 3205KN

Pn = 3205/(0.65) = 4930.8 KN

rg=15%

Pn=0.8* Ag{0.85* fc'+r g(fy—0.85fc’)}

4930.8*107° =0.8* Ag[0.85* 24 +0.015*(420-0.85* 24)]
Ag = 0.2335m’

X=4/0.2335=0.483 m

Use 50*50cm with Ag= 2500cm? > Ag req = 2335 cm?

4.9.2 Check Slenderness Effect :

@ < 34—12m ............... ACI —(10.12.2)
r M2

Lu: Actual unsupported (unbraced) length.
K: effective length factor (K= 1 for braced frame).

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

=13.62cm
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Lu=35m
M1&M2 =1

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.

(—Klujs (34—12(—'\/I 1)340 .................................... ACI 10-12-2
r M 2

1735 _ 23.3>22

0.3*0.5

. long Coloumn

E.|
El =04—2 ... [ACI318-2002 (Eq. 10-15)]
1+Db,
E, = 4750/ fc' = 4750* /24 = 23270.15Mpa
b, = 12DL _ 2916 _ g00g
Pu 3205
* 3 * 3
I, = b*h” _ 05705 _ 5 1%10m
12
* * *1N0-3
gy _ 04%2327015*5.21*10° _ .\ \\/ o
1+0.9098
p2El
Py =o— s ACI 318 — 2002 (Eq. 10 —13)
(KLu)
2 %
p =314 72540 _ 50 440MN.
(1.0*3.5)
M1
Cm=0.6+0.4 Mg ) ACI 318 — 2002(Eq.10 —16)

Cm=1...... According to ACI 318 -2002(10.10.6.4)
d_= S
1-(Pu/0.75R,)

d - 1
™ 1-(3205/0.75*20.440*10%)

............... ACI 318 — 2002(Eq. 10-12)

=1.264>1
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e =15+0.03%*h =15+ 0.03*500 = 30mm = 0.03m
e=e, xd_=0.03*1.264 = 0.0380 m

e_0.038 _ o758

h 05

From Interaction Diagram

fP, _ 3205 , 145 _ oo oo
A, 05*05 1000
r, =0.0125

A= p* Ag = 0.0125*50*50 = 31.25 cm’

Usel6 @ 16 with As = 32.16 cm?2 >AS eq = 31.25 cm?

e Check for spacing between the bar
= 500-2*40-2*10-2*20-4*16
4

S=74mm = 4/3 M.A.S
=40 mm

> 1.5db = 24mm

4.9.3 Design of the Tie Reinforcement :

S <16 db (longitudonal bar diameter)....................... ACI -7.10.5.2
S < 48dt (tie bar diameter).
S < Least dimension.

Spacing <16 x d,, (Longitudinal bar.diameter) =16x1.6 = 25.6cm
Spacing < 48x d, (tiebar.diameter) = 48x1.0 = 48cm

Soacing < Least.dimension=30cm

. Use f 10@ 25cm
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4.9.4 Detail of column 41:

Figure (4-17) : Long Column Detail

4.10 Design of Isolated Footing (F6) :

4,10.1 Load Calculation :
Total factored load = 3205KN.

Total services load = 2510 KN.

Column Dimensions = 50*50 cm.

Soil density = 18 Kg/cm3.

Allowable soil Pressure = 400 KN/m2.
Assume footing to be about (65 cm) thick.

live load =5 KN/m2.

Oajon =400 -5 - 0.6*18 - 0.65*25 = 368 kN/m’
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4.10.2 Determination of Footing Area :

A 2510 b.H21 m*
= 3pg _ ooetM
= L=2.612m

Try 2.65 * 2.65 m with area = 7m* > A o = 6.821m’

Determinate g, = 3205/7 = 457.9 KN/m?

4.10.3 Determine the depth of footing based on shear strength:
Assume h=65cm ..... d = 650-75-20 = 555 mm

e Check for one way shear strength

Critical Section at %+d

—+d—E+0555 0.805m
2 2
2.65
Vu = 457. 9*(——0 805) *2.65 = 631KN

fVe=f '(E* fc'*b, *d)

f Vc= 0.75*%*@*2650*0.555 — 900KN

f Vc =900KN > Vu = 631KN
Safe

e Check for two way shear action (punching)

The punching shear strength is the smallest value of the following equations:

fV, =f%(1+b%j\/fjbod
fv, =f —(b - erd
fV, =f —\/7bd
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Where:

Column Length (a) 50

c = =—=1.0
Column Width (b) 50

bo = Perimeter of critical section taken at (d/2) from the loaded area
b, =4(d +a) =4(50 +55.5) = 422cm

a =40 forinterior column

fV, =f %[u bi}l £, b,d :%*(n%)* 24 % 4220*0.555 = 4303KN

' *
fv, =f. 1 3 ol b0d=0'75*(40 0'555+2j* 24*4220*0.555=5207KN
12\ b, /d 12 4.22

fV, =f %\/ £ b,d =%* 24* 4220%0.555= 28685KN

f V. =2868.5KN ..... Control

VU, = Pu-FR,

FR, =s,, *area of critical section

VU, =3205-[457.9*(0.5+0.0.555) * (0.5 + 0.0.555)] = 2695.35KN
f Vc=2868.5KN >Vu, =2695.35KN........ satisfied

4.10.4 Design for Bending Moment:

]

=

M
il
L)

iurs

il
11

iad “o7.n =h TG ]
1 25D Lt
2R

Figure (4-18): Isolated Footing
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1.075°

Mu=457.9*2.65* =701.14KN.m

Mu =701.14 KN.m for both side

Using Reinforced Concrete.

70114

Mn =779KN.m
3
k=N _ 1907 9544mpa
bd®  2.65x0.555
y 120 _ 0583

m= - =
0.85*fc  0.85*24

" =i 1- 1_2><me|’1
m 1“y

c_ 1 1_\/1_2><20.588><O.9544 _233%10°3
20.588 420

ASy,, =T *b*d =2.33%10 *265*56.5 = 34.24 cm’
ASqyiyage = 0-0018*b*h = 0.0018* 265* 65 = 31cm’

ASp.q =35.28 > ASgyage = 3lcm’
Select 14f 18....AS,, igeq = 35.56CM° > 34.24cn’.....0k

Select 14 18....AS,, 4oy = 35.56cm? > 34.28cm?......0K

Check of strain:
As*fy = 0.85* f.*a*b

3556 *420 = 0.85* 24 * 2650 * a
a=27.63mm
b, 0.85
555 -32.5
e, =——F7—7—
32.5
e, =0.0482 > 0.005

X0.003

= OK
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4.10.5 Development Length of main Reinforcement for Mul :

=2 B YeVb:
i T AJf. Krtch
db

dh

Ktr = 0 (No stripes) ch =75+ 18 =93cm

Kir +cb 0+ 93

75 8 =317>125

Ktr+cb
— =25
dh

40 I=1=038

ldyaq =10 11'm1 75 * 10 = 4434

I—d available = 1075‘75: 1000mm

Ld avaitaple= 1000 mm > {Grag = F24Amm

available—

e not required hook

4.10.6 Design of dowels :
Pu=3205 KN

f.Pn=f.(0.85fc’'Ag)

f .Pn=0.65*[0.85*24*(500*500)]/1000 = 3315KN
But Pu=3200 <f.Pn=23315KN

Dowels are not required for load transfer.

But use the minimum reinforcement of dowels:

As . =0.005* Ag = 0.005*50*50 =12.5cnm’

Use the column bars as a dowels
Salect 1616

AS,, e = 32.2CNT > As,, . =12.5cm’

0.24 fy 0.24*420
2 gy = 2T
Jic V2

Ldoreq 0.043 x fy x db = 0.043 x 420 x 1.8 = 32.5cm,

Ld(j_)req = 1.8 = 37cm

Ld@yreq = 32.5cm < Ld(1yreg=37cm = control
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Ls=0.071 x fy x db = 0.071 x 420 x 1.6 = 47.7cm > 37cm.
Available Ld = 65- 7.5- 2*1.8 = 53.9cm.

Available Ld =53.9 cm > Ls = 47.7cm

Using hook = 16*f

Required length of hook = 16*1.6 = 25.6cm.

Use Hooks= 30cm > 25.6cm

4.10.7 Isolated Footing Detail:

10 1075 50 107.5

10 265
285

Figure (4-19): Isolated Footing Detail
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4.11 Design of Stairs :

4.11.1 Determination of Slab Thickness:

L=1.6+3.3+0.8 =5.7m.

hreq = L/ 28

Nreq=570/28=20.4cm ............. take h= 25 cm.
= Use h =25cm.

6 =tan™(1.76 /3.3) = 28.1°

Cos 6 =0.88

E
&
é
%

0. H.E
B !
m, |
';.I'I BES AEEFY AR AT T o e AT ]
PR gl (i b (Rl R L) BoBl R B Ry

A R e SNt L A D

Figure (4-20) : Stairs plan

4.11.2 Load Calculations at section (A-A):
4.11.2.1 Load on Stringer:

Dead Load:
Tiles =0.03*22*((0.33+0.16)/0.30) =1.078 KN/m.
mortar = 0.02*23 *((0.16+0.33)/0.3) = 0.751 KN/ m.

Plaster = (0.03*23)/ (Cos 28.1) =0.782 KN/ m.
Steps = ((0.16*0.3)/2) * 25/0.3 =2KN/m.
Slab =0.25 *25/ Cos 28.1 =7.085 KN/ m.
Total dead load =11.7 KN/ m.
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Live load:

Live load for stairs =5 KN/ m.
Factored load

qu =1.2*11.696 + 1.6*5 = 22 KN/ m*.

For one meter Strip, qu =22 KN/ m.

4.11.2.2 Load on landing :

Dead Load:
Tiles = 0.03*22 =0.66 kN/m?
Mortar =0.02*23 = 0.46 kN/m*
Slab = 0.25*25 =6.25 KN/m2
Plaster = 0.03*23 = 0.66 KN/m2.
Total dead load =8.03 KN/m2,

Live load:
Live load for stairs =5 KN/ m?.
Factored load

qu =1.2*8.03+ 1.6 *5 = 17.64KN/ m®,
For one meter Strip, qu = 17.64 KN/ m.

Dead load

"7
603

) W o o W
355 . b4
1
Live: Buriad
5+[I ! - b[l
155 1 2]

Figure (4-21) : Loads on stairs
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4.11.3 Design of Shear :
= Assume @ 12 for main reinforcement:-
So, d =250-20 -12 =218 mm = 21.8 cm

Sh:ar

Figure (4-22) : Shear Envelope

Vu=429 KN.

~0.75*+/24*1000* 218
6

fVc =133.5KN >Vu=429 KN

fVc =133.5KN

>>>>No shear Reinforcement is required. So the depth of the stair is OK.

4.11.4 Design of Bending Moment :

The Following figure shows the Moment Envelope acting on the stair

Mo e

47 1.4 218

Figure (4-23) : Moment Envelope

92




Mu =51.4 kN.m
Mu/09=Mn=51.4/09=57.1 KN.m

d=21.8cm.
K = an
b-d
* 6
Kn = Lloz =1.2MPa .
1000*218
moo_ Y
0.85x fc'
m = ﬂ =20.588
0.85x 24

, 1(1_ /1_ 2mKn]
m f,

* *
_ 1 1_\/1_2 20.588*1.2 | _ , 0,013
20.588 420

AS. ~=2.947*100*21.8 = 6.4 CM’
As,, =0.0018*b*h =0.0018*100*25 = 4.5 cm*

Ase =6.4cm’ = As, =45cm’

Use ® 12 >>> 640/113 = 5.66
Useld 12 @ 17.5cmclc.............. with As =(100/ 17.5)*1.13 = 6.46 cm>2.

As provided = 6.46 > ASTEQ....vivvreineineinnnnnn OK.
Check for strain:
Tension = Compression
A.*fy =0.8 * fc'*b*a
646 * 420 = 0.85 * 24 *1000 * a

a =13 .3 mm
a 13 .3

b, 0.8
L 28 156, o
15 .6
e, =0.0389 > 0.006 — — ok
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S

4.11.5 Secondary reinforcement:

ASSﬁrinkage =0.0018xbx h=0.0018x100x 25 = 4.5cm?

Use @10 @ 15CmM ......eveneeee, With As = (100 / 15)*0.79 = 5.27 cm?.

at section (A-A) Details: 4.16.6 Stairs

T b e (e T

L i S

.

"-\.EB’IE:I:FE I

=7

:
i pR0S L—RvE
"l. - l. Ij-fd--
T e T p— i
gt s
D5 PR
e R LmnE
o Eads LI
WImERAE S_TAG S . 1}?-9" 1.';'_:_,--"
- s i
L ?’E .::___._,_ s ".'i__.--"'_ "'-ET.E"Z-'F = 0]
= el o
) o g
AraWWaG C=Fa5 __d_.--"'
-

SECTFON (A—A)

Figure (4-24) : Stair Section
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4.12 Design of Shear wall:

Calculation of shear force on shear walls:
From Uniform Building Code 1997 (UBC):
Z=0.3 zone"3"

R=5.5
=1
Ca=0.24
Cv=0.24
=24.5h,

Ct=0.0488

Where:

Z=Seismic zone factor as given in table 16-1.

R= numerical coefficient representative of the inherent over strength and global
ductility capacity of lateral force resisting systems, as set in Table 16-N or 16-P.
I = importance factor given in table 16-K.

Ca = seismic coefficient, as set forth in Table 16-Q.

Ct = numerical coefficient given in section 1630.2.2.

Cv = seismic coefficient, as set forth in Table 16-R.

hi, hn, hx = height in feet (m) above the base to level i , n or x, respectively.
3/4 -
T=Ct(hn) Eqg.... 30-8 (UBC)

T =0.0488(24.5)"'* =0.54

*
v - Quly,_ 0241,

= w=0.081w
RT 55*0.54

V <£0.11*WKN.....control
V >0.03*WKN
F, =0.07*T *V =0.07*0.54*3571=82.5KN

95



Table (4 — 2) Calculation of the total Fx.

1227083

I0ET0ES

Figure (4-25) : Moment and Shear Diagram for SW12
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Fc =24 Mpa Fy =420 Mpa
t=25 cm .shear wall thickness Lw =4 m .shear wall width
Hw for one wall = 3.5 m (story height)

4.12.1: Design of the Horizontal reinforcement:

D Fx=Vu=685.5KN

4.12.2: Design of shear

The critical Section is the smaller of :

Il: 4—: 2m ... ... control
2 2

hw :24'5:12.25m

2 2

d =0.8xIlw =0.8x4=3.2m

Voem L xbxd
V. = '24 x 0.25 x 3.20 *10 ® = 653 .2 KN
chz‘/fc x b x d N N, xd

4 4x L,

Assume N, = OKN
/24 x 0.25 x 3.20 *10 ° N

V,, = n 0 = 979 .8KN
., for . 2x N,
+/ fc' |W x h hxd
V., = + X
2 M, 1, 10
V., 2
Mu @ critical — sec tion = 8799 .65 KN .m

My L VN_11 84 50
v, 2

oo Ve, = W apply
{«/24 4(v22 + o)} 0.25 x 4
V. = + X X

10 ® = 410 .46 KN (control )
2 13 .64 10
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V7=Vn-Vcl
.= (685 .5/0.75) — 410 .46 = 503 .5KN

AR _ Vs 035 _ 4000375 m?/m
S2 fyd 420 *3.20 *10
r, = A = 0.000375 = 0.0015 < r min
hs, 0.25
use min ,Try f 12
Avh
[ Y jz 0.0025 *h =10.0025 *250 = 0.625 mm

S2 < %: 4000 /5 = 800 mm , Control

S2<3*h=3*250 = 750 mm
sdect ——> f 12 in  both side —— As = 226 .6mm 2

226 .2 _ 0.625 = S2 =36cm

SHect ——> S2=25cm < Smin =80 cm
use ——> f12 @ 25 cm (c/c)in both side

4 .12 .3: Design for Vertical reinforcement:-

h, 245

w2 613525
L, 4
Avn=0.0025x S, x h,

S < % L, = %x 4000 =1333.33mm

S <3xh=3x250=750mm

Sdect f12 With area As=226.6mm* in both side
226.6 =0.0025x S, x 250

- § =362.56mm

Select S = 25cm < 36.3cm

——> Sdect £12/25 cm c/c both side

Select 2 12/ 25cm. In tow layer
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4 .12. 4: Design of bending moment:

co[— W Y_ 4 _(9m
0.007 *600 4.2

length of boundary element =C-0.1xL,
length of boundary element =0.95-0.1x4=0.55m

c,=—=%% _q415
20 2.0

Select The boundary element = 0.6m

Avs=as, = SV as =4 226 6 = 3625 .6mm
sl 25

z 1

Lw  2+085%b * fc* Lw * h/( As * Fy)

z 1

- - = 0.065
Lw  2+0.85x0.85 x 24 x 4 x 0.25 /(3625 .6 x 10 ° x 420)

Mu =0.9x Fy x0.5x As x LWx[l—(i/ZJJ
Lw
6 0.065
Mu = 0.9*420 *0.5*3625.6 x 10 x 4000 *(1—7) = 2651.87 KN.m

MU peggr = 8799 .65 — 2651 .87 = 6147 .78 KN .m

So we need the boundary element

M,=6147.78KN.m d=3.20m

6
‘n an _ (6147 .78 /O.9)x§10) _ 2.668 Mpa
bd (250 (3200 )

oAy f_2mRn ) 1 1_\/1_2><2.668><20.59 _ 0.00683
m fy 20 .59 420

A s =0.00683*250*3200 = 5464 mm’

Use bars 10925 which provided in columns at ground floor.
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g all s yaladll dails

(s ¥ bl elill alae i gl g Jleall 2 ¢ a1 il gl el a8

.a {‘_'l:."n_;:.” I.‘_lll;.nhl:-

2. Building Code Requirements for Structural Concrete )ACI 318M-

05 (and Commentary, USA, 2005.

3. Uniform Building Code ( UBC).
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TABLE 9.5(a)—MINIMUM THICKNESS OF
NONPRESTRESSED BEAMS OR ONE-WAY SLABS
UNLESS DEFLECTIONS ARE CALCULATED

Minimum thickness, b

Simply Oneend | Bothends
supported | continuous | continuous | Cantilever

Members not supporting or attached to partitions or
other construction likely to be damaged by large

Member deflections.

Solid one-

way slabs £120 £/124 £/28 £M0
Beams or

ribbed one-

way slabs £/16 t18.5 £/21 L8

Notes:
Values given shall be used directly for members with normalweight concrete

(density w, = 2320 kg/m°) and Grade 420 reinforcement. For other condi-

tions, the values shall be modified as follows:
a) For structural lightweight concrete having unit density, w_, in the range

1440-1920 kg/m*, the values shall be multiplied by (1.65 - 0.003w, ) but not
less than 1.09.

b} For £, other than 420 MPa, the values shall be multiplied by (0.4 + £, /700)

Table (MINIMUM THICKNESS OF NONPRESTRESSED BEAMS OR
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