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Structural Design for Institute of Financial



and banking Studies
Prepared by

Ilbrahim A.Abed Omar A.Abu Iram
Nouh S.Zidat

Pal estine Polytechnic University

Abstract

The Palestinian economy face many problems, resulting from being dependant
on the Israeli economy. Many conferences were held to face the challenges that
hinder the Palestinian financial market from improving. They recommended the
creation of finance papers law, construction institute of financial and banking studies.
These conferences tried to establish a secure and flexible environment for
investment. The role of the institute is important like encouraging the local
investment parts and attractive the international and Arabian investment possibilities.
Encouraging the private part in the growing and economic development preparation
and arrangement the conferences and the work that attached with the Palestinian
national economic and with its international and regional relations. receiving
businessmen and investors from the west bank , the Arab world or globally.

In this project many useful previous studies and projects and used them as guidelines
to help through project, such as old graduation projects and civil engineering studies.

For structural design of this project, Jordanian Construction Code was used for
determining live loads, where ACI-318-05 code isto be used for structural anaysis
and design for all structural el ements, and some of computer software will be used,
such as Autocad2008, Atir, and Office2007, Staad-Pro2007.. .etc.

By the end of this project, the structural design for structural elementsin this
building will be done.
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Ac = area of concrete section resisting shear transfer.

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

Ag = gross area of section.

Av = area of shear reinforcement within a distance (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.

Cs = compression resultant of compression steel.

DL = dead |oads.

d = distance from extreme compression fiber to centroid of tension

reinforcement.

Ec = modulus of elasticity of concrete.

f. = 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 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 in direction paralel to longitudinal reinforcement.

V¢ = nomina shear strength provided by concrete.

XVii



Vn = nominal shear stress.

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

Woc = weight of concrete.

W = width of beam or rib.

Wu = factored load per unit area.

@ = strength reduction factor.

€. = compression strain of concrete = 0.003.
&, = strain of tension sted.

&= strain of compression stedl.

p =ratio of steel area.
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Chapter Four — Structural Analysis And Design

Chapter Four
Structural Analysis And Design

4 -1 Introduction:

Reinforced concrete, also caled ferroconcrete in some countries, is concrete in
which reinforcement bars or fibers have been incorporated to strengthen a material
that would otherwise be brittle.

Concrete is reinforced to give it extra tensile strength; without reinforcement,

many concrete buildings would not have been possible.

Reinforced concrete can encompass many types of structures and components,

including slabs, walls, beams, columns, foundations, frames and more.

Much of the focus on reinforcing concrete is placed on floor systems. Designing
and implementing the most efficient floor system is key to creating optimal building
structures. Small changes in the design of a floor system can have significant impact
on material costs, construction schedule, ultimate strength, operating costs,

occupancy levels and end use of a building.

If a material with high strength in tension, such as stedl, is placed in concrete,
then the composite material, reinforced concrete, resists compression but also
bending, and other direct tensile actions. A reinforced concrete section where the
concrete resists the compression and stedl resists the tension can be made into almost
any shape and size for the construction industry.

In this chapter we will describe the structural analysis and design of al structural

elements such as: dlabs, ribs, beams, columns, footing, etc.

&y



Chapter Four — Structural Analysis And Design

The design and construction of reinforced concrete building is controlled by the
building code requirements for structural concrete (ACI 318-:5) of the American

Concrete Institute.

4 - 2Deter mination of Thickness of Ribbed Slabs ( T section ) :

According to ACI-Code-318-Rm, the minimum thickness of nonprestressed
beams or one way slabs unless deflections are computed, given in table (9.5-a), as

follows:
For rib (R15) in the Ground Floor, as shown infig (4.1).

Spans from left to right: .

-i-\. SFANM 1 -:-\. ZPaM 2 '-'_I- SPAN D II-‘I'
¢ ¢ ¥ &
! I !
| | |
| | |
| | |
| | |

= +& 4 -

[ |
| 3800 | 5,800
I I

|
| £5.800)
1

Fig. (4-1) Rib(15) Elevation

Sbhop——=

|' 14 cm -

Fig. (4-2) Section of Rib
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Chapter Four — Structural Analysis And Design

hmin for one-end continuous = L/18.5
=620/185=33.5cm
hmin for both-end continuous = L/21
=580/21 =27.6 cm
= Weselected h=35cm.

4 - 3 Load Calculations (T section):

Dead load:

Coarse Sand Fill 0.1*0.54*17 =0.92 kN/mof rib
Tiles+ Mortar 0.03*0.54*22 =0.36 kN/mof rib
Concrete Rib 0.27%0.14*25 =0.95 kN/mof rib
Block 0.27¥0.40*10 =1.08 kN/m of rib
Topping 0.08*0.54*25 =1.08 KN/m.
Plaster 0.02*0.54*22 =0.24 kN/m of rib

Nominal Total Dead Load =

0.92+0.36+0.95+ 1.08 + 1.08 + 0.24 = 4.63 kN/m of rib
Nomina Total liveload =5* 0.54 = 2.7 kN/m of rib

Total Dead Lad (Unfactored) = 4.63/0.54 = 8.57 kN/m?
Total liveload =5kN/m?

4 — 4 Design of Topping:

Factor load From ACI code the equation tell that:

DL =1.2 (4.63) = 5.56 kN/m of rib.

LL =1.6(2.7) = 4.32 KN/m of rib.

qu=12DL + 1.6 LL=5.56+4.32 =9.88 KN/m of rib
qu=12DL +1.6LL.

Qu=1.2(8.57) + 1.6 (5) = 18.3 KN/m2

= For aone meter strip % =183 KN/
£t
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= Assume slab fixed at supported points (ribs):

M = q, x1° _18.3><(O.4)2
! 12

2

Mn =o0.42+fc’ beGh

% 2
=0.42 /24 XM =2.2 kN.m.

=0.244 kN.m

f xMn=0.55*2.2=1.21kN.m
f x Mn=1.21kN.m> Mu = 0.224kN.m.

The Topping can be constructed in plain concrete, Therefore, shrinkage and
temperature reinforcement must be provided.
For the shrinkage and temperature reinforcement:

r =0.0018
As,, =I xbxh=00018<100x8=144cn? /Im

Use 108/20 cm (508/1m), with As =2.51cm?/1m both directions.

As =25lcm? /m> As, =1.44cm?/m

4 -5 Design of Ribs (R02) at Ground Floor:

SLAB Of GREOUNID FLOOE

Fig.(4-3) Structural Key Plane

¢o
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5.760

2800

5.750

Fig. (4-4) SpansLength of Rib (R02)

Using "Atir" software for the following values of moment and shear:

. -3A7 287
228 A 220
r/( —— N
l‘j.":m |1=¢\.‘..|
\, ——r =+ -1
L2 P S A
b “-H—_\__,_f"'-'-? H\"“ﬁ-_ .:—'—"'-'-F-"f
! 22 ¥ 345 |14 1.4 ! 3,45 W o |
lha
Fig. (4-5) Envelope Moment Diagram of Rib (R02)
r =
414
-338_—|
‘. =224 223 e
=2 P
. — 4 bt - -
— |_ —
— 23 : TR f_,-a-’ <
- 224
298 — 338
414,

Fig. (4-6) Envelope Shear Diagram of Rib (R02)
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4.5.1 Design of Negative Moment for Rib (R02):

Assume slab is fixed at support points (Ribs)
Supports(2) and (3):
Maximum negative moment is Mu= -34.8 kN.m
Mn =34.8/0.9=38.67 kN.m
d=h-cover— ®s— d/2=35-2-0.8-1.4/2=31.5cm

m=_Y - 40 _54,
0.85x fc  0.85x 24

6
Rn= _Mn - 3480 _ 551 Mpa
bxd?  140x (315)

_1 . [ 2mRn
D—E(l 1 —fy )

o= L (1- \/1_2(20.1)(2.51))= 0.0066
20.1 410

ASreq = 0.0066 (14) (31.5) = 2.91cm?

As.. =%(bw)(d)z %(bw)(d) .................... (ACI ~105.1)

V24 14
= ——(14)315)> 210 (14)31.5)

A 4(410)

As,,=132nf <15%nf ............. the larger is control

As,, =15lcn?

AS,, =2.91cm’> A, =15Icnt ................. controls

No. of bars = AS/ ASpa =2.91/1.54 = 1.89 bars * Note Ap14 = 1.54 cnv?

Select 2D 1AMM ..o Total AS provided = 3.08 cm?.

1A%
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e Check for yielding
Tension = compression

Asxfy=085xf xbxa

2x1.54x10% x 410 = 0.85x 24x140x a
a=44.22mm
x=2 %422 _ o5 00mm
b, 085
o - 315-52.02
s 52.02
e, =0.015> 0.005

x0.003

= Ok
4.5.2 Design of Positive Moment for Rib (R02):

This design for spans (1) and (3) are as follows:
Effective flange width (bE ) according to ACI-code (8.10.2):

Pe For T-section is the smallest of the followi ng:
b. =L./4=5.15/4=129cm

b, =14 +16t =14 +16 (8) =142 cm

b. =C/Cspacing =54 cm........controls

Use Mu max. Positive for spans = 36.2 kN.m
Mn=36.2/0.9=40.22 kN.m

Determine whether the rib will act as rectangular or T-section:
Assumea=t=38cm

C=0.85f, xaxb,

C=0.85 (24) (80) (540) = 881.3 kN

Mn=T or C (d— 0.5 a) = 881.3 (0.315— 0.5 (0.08)) = 242.4 kN.m
Mn available =242.4 kN.m > Mn required = 40.22 kN.m

Then design as arectangular with b, =54 cm

¢A
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me— V40 55
0.85x fc  0.85x24
6
R - an _ 40.22><1O2 _ 0.75MPa
bxd® 540x(315)
oL [_2mRn,
m fy

ro—t - \/1— 220.0(079)y _ 4 oms
20.1 410

As=r xbxd

As,, =0.0018x 54x 31.5=3.06cm’

ps. =025 (bwyd)> %(bw)(d) .................... (ACI ~10.5.1)

(fy)

22

1.4
As,, = 0.25@ (14)315)>

m(14)(31.5)

As,. =1.32cnt <15%ent..........thelargercontrol

As. =15lcnt

ASeq =3.06 cm>> Asyin = 1.51cm?.......ok
S0 select 2014

As =3.08cm?.

provided

Fig. (4-7) Cross Section of Rib(02)

1)
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e Check for yielding
T=C

Asxfy=0.85x f_xbxa

2x1.54x10% x 410 =0.85x 24x 540% a

a=11.46mm
a 1146

b, 085

~ 315-135

- 135

e, =0.067 > 0.005

=13.50mm

x0.003

S

= Ok

4.5.3 Design of Shear for Rib (R02):

ACI — 318 — Categories for shear design:
VU ¢ritica = 33.8 kN
Use ®10 with two legs

Av =2x3.14x1.0°/4=1.57 cm2

1. Vu< %CDVC

fc'
%q) Vc= 1>< (0))

xb, xd

1 1 V24

=ZdVc==x0.75x x140x 315
2 2 6

= 13.5kN
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2.

Length of the region:

Loy,

x1=2__ 185 147

qQu 988

Vu> %CD Vc............not control

No shear reinforcement is required

Use 1908/20cm......... the minimum shear reinforcement

%(DVC <Vu < dVe

®Vc=135x2=27KN
Vu>®Vec..........notcontrol
Length of the region:

DV, 27

X2=—e _X1=-2" _137=1.36m
qu 0.88

Minimum shear reinforcement is required
Use 1d8/20cm

dVec <Vu < dVe + dVs
1
dVs,,, =0.75 (g) x bw x d

®Vs,,, =0.75 (%)x 0.14x 0.315x10° =11.03kN

OVC + OVs,,, = 27 +11.03 = 38.03kN

Vu=338kN < ®dVc+ dVs_, =38.03kN ............control
Length of the region:
X3= dVc+DVs,;, 38.03

~X2-X1="2"°_136-1.37=1.12m
qu 0.88

Minimum shear reinforcement is required

o)
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®Vs,, =DVs,;, =11.03kN

_ Ox Avx fyxd 0.75x1.57x100x 410x 315

Se 3 =137.9cm
' ®Vs,, 11.03x10

Sa d _315_ 15.75cm

Then Select S=15cm <g ............... ok

Select 1 ® 10/ 15 cm.

4 - 6 Design of Beam (B12) at Ground Floor:

@ SPAN 1
|
L}
i
1
!
I
|

oS00

-~ -~

Fig. (4-8) Span Length of Beam (B12)

Using "Atir" software for the following values of moment and shear:

1356 47

1=
o |

Fig. (4-9) Envelope Moment Diagram of Beam (B12)

oy
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21,

/’ﬂé
P

———

W
574,

Fig. (4-10) Envelope Shear Diagram of Beam (12)

4.6.1 Design of Positive Moment for Beam (B12):

d= 70—3—1—§= 65 cm

Mu =1358.3kN.m

Mu
Mn=——= %’ =1509.2 kKN.m

)
Max Mn for asingly reinforced section:

0.003  0.003+ 0.005

X d
X = 24.375cm

a=Db, xx
a=0.85x24.375=20.72cm
X = 24.375CM

A = 20.72cm

C.=0.85xf_xbxa
C. =0.85x24x400x 207.2
C, =1690.75kN

Mn =Cor T(d-—al/2)

maxsin gly

oy
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Mn =1690.75(0.65—-0.2072/ 2)
MN, e sngy = 923.83kN.m
Mn,,, =1509.2 kN.m
Mn,,, =1509.2 kN.m> Mn

maxsin gly

=923.83 kN.m

maxsin gly
= The section must be doubly reinforced section:

Required moment strength from the compression stedl.

The difference between Mnyg and Mnma sngy Will be carried from the
compression steel.

AMn = |\/Inreq. - Mnmaxs'ngly

AMn =1509.2 - 923.83 = 585.37 kN.m

Mn=C_.(d-d)

585.37 = C,(0.65—- 0.05)

C, =975.62 kN

= Check if compression steel yields or No:

e, _ 0003
24.375-5 24.375
= e, =0.0024>0.002............ ok

= Compression steel yields

f,'= fy=410 Mpa

C,.=(f,/-0.85f ")A,'

975.62x10° = (410 0.85x 24) A_'x100
A'=25.04 cm’

Use 8D 20

A,' provided =8x3.14= 2512 cm’

= Required As:

Effective flange width (bE ) according to ACI-code (8.10.2):
t>05*by oo be=4*by<b

t=35cm>0540=20cm ........... be=4*40 =160 cm <b =80cm

= bg=80cm.

o¢
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Determine Mnfor (a=t)

Mn=C (d-t/2)

C = 0.85* fc*b, *t

C=0.85*24*800* 350 = 5712 kN
Mn=5712 (65-35/2)=2713.2 kN.m
Mn at (a=t) > Mnreq......... a<t

_fy 410
0.85x fc  0.85x24

Mnreq  1509.2x10°

= = =4.47TMPa
R b xd® 800x(650)°
- _(1_ 1_2m_)
fy
Lo \/ _ 2200447y 6 0125
20 1 410
As=r xbxd

As_ =0.0125x 80x 65=65 cm?
= reg.

A, provided =14x 4.91=68.74 cm” > As,,, =65 cm’

2000

e Check for yielding
T=C

o 1l se

Asxfy=0.85x f_xbxa - e e e

14x 4.91x10% x 410=0.85x 24 x 800 x a i R | 025

a=172.7mm Loczc o [

x=2 =127 _ 503 2nm 20, 40 .20
b, 085 80

650 — 203.2
©s = 203.2 x0.003 Fig. (4-11) Cross Section of Beam (12)

e, =0.0066 > 0.005

= Ok

00
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4.6.2 Design of Shear for Beam (B12):

ACI — 318 — Categories for shear design:
Quapplied on beam)=1.2(57)+1.6(32.5)=120.4 KN/m
VU gitica =473 kN

Use ®10 with two legs

Av = 2x3.14x10/4=1.57cm2

Vu < 1CI)VC
2
ECDVCIEXCD fe xb, xd
2 2
:1x0.75>< mx400x 650
2 6
=79.61 kN
Length of the region:
1
—DV,
x1=2 -8l _6em
qu 120.4
1
Vu> ECD Vc............not control

No shear reinforcement is required

Use 1910/30cm......... the minimum shear reinforcement

%@Vc <Vu < dVc

ECDVCIEXCDEX b, xd
2 2 6

® Vc=79.61x 2=159.22kN

Vu>®dVec............not control

h
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Length of the region:
X2= Ve _ X1= 159.22 0.66 = 0.66m
qu 1204

Minimum shear reinforcement is required
Use 1010/30cm

3. ®Vc<Vu <dVc+DdVs,,,

dVs,,, = 0.75(%) xbwxd

®Vs,, =075 (%) x 0.4x 0.65x10° = 65kN

dVe + OVs,,, =159.22 + 65 = 224 .22kN
Vu>oVe +dVs, . ............not control
Length of the region:

_ dVC+DVs,,, 224,22

X3 - X2-X1= —0.66—-0.66 = 0.54m
qu 1204

Minimum shear reinforcement is required
DVs,, = DVs,;, = 65kN

_ DxAvx fyxd 0.75x1.57x100x 410 x 650

Seg . = 48.28cm
' ®Vs,, 65x10

Seq < d = % =32.5cm
2 2

Then Select S=30cm <% ............... ok

Select 1® 10/ 30 cm.
4. ®Vc+®dVs,, <VU< (DVC+CI)><%1/ fc xbwxd

x bwxd

oy
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OVs=0.75x

\/32)_4 x 400x 650 = 318.43KN

dVC + D x % fc xbwx d =159.22 + 318.43 = 477.65 <Vu
Length of the region:

<DVC+<D><‘;/fC'><bW><d

X4 = _ X3 X2- x1=H765
120.4 120.4

-0.54-0.66-0.66 =2.1m

OVs,, +dVc=WVu
= OVs,, =Vu-®Vc=477.65-159.22 = 318.43kN

Sieq. =9.86cm............. control .

Select 1®d 10/ 10cm

dVec+ dVs.. <Vu < cDVc+§cD fc xbwxd

cDVc+§d) fc' xbwx d =159.22x10° +§>< 0.75x +/24 x 400 x 650 = 796.09 > Vu
Length of the region:
X5=L, — X4—X3-X2-X1=95-21-0.54-0.66—0.66=5.54m

OVs,, + Ve =Vu
= OVs,,, =Vu-0Vc =562-159.22 = 402.78KN

Se = ©x Avx fyxd = 0.75x1.57x100x ile 650 =7.79cm............. controls.
' DdVs 402.78x10

reg.
S< 9 = @ =16.25cm.
4 4

Sdlect 1 ®d 10/5cm.

oA
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4 -7 Design of Column:

4.7.1 Design of Short Column (CO7 - Parking Floor):
4.7.1.1 Design of Longitudinal Reinfor cement:
Select column (CQ7) in the ground floor for design.

p, = 4880 kN
4880
= 22 - 7507.7 kN
Prrea =065

User =rg=16 %
Pn=0.8* Ag*[0.85* fc'+r g(fy—0.85* fc')]

7507.7x10* = 0.8* Ag*[0.85* 24 + 0.016* (410 — 0.85* 24)]
Ag,, =3508.21 cm?.
Use 65 cmx55 cm= Ag = 3575 cm® > 3508.21 cm?..ok

55 cm> minimum dim. = 25cm....ok

To find p required for Ag = 3575 cm?

The same equation can be applied as follows:

Pn=0.8* Ag*[0.85* fc'+rg(fy—0.85* fc')]

7507.7x10" = 0.8* 3575*[0.85* 24+ r * (410 0.85* 24)]

r =0.015
As,, =0.015* 3575=53.63 cm’

Select 18f 20...As,,, =56.55 cm® > As,, =53.63 cm’....ok

Check if the column is short or long

[k'L“]s (34—12(%]) <40, ACI.10-12-2
;

2

L, : Actualun sup ported (unbraced)length
K : effective length factor (K =1for braced frame)

R:radius of gyration = /I—A

I: Moment of inertia
A: Cross sectiona area of the column

o4
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bh® .
| =——....for rectangular section

12*b*h V12
r =0.3*0.55=0.165m
k=10
Lu=3.25 m
kL, 1¢3.25

r  0.165
- Short Column

A=Db*h

=19.7< 22

4.7.1.2 Design of the Tie Reinfor cement:

Spacing < 16x d, (Longitudinal bar.diameter) =16x2.0=32 cm

Spacing < 48x d, (tiebar.diameter) = 48x1.0=48 cm

Soacing < Least.dimension =55 cm

use ®10@30cm

But the spacing between ties must be reduced by the factor of 0.67 in above and
below the slab by alength which must be greater than the long dimension of the
column as follows:

Long diminution for the column = 65 cm

Spacing between ties= 0.67 * 30 =20 cm

So, 50 cm below the slab and 50 cm above the slab must the ties be every 10 cm
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65.0
I=—' - «?/"“*a S B
5“"1-,'__‘
w L L] “_.I.'E]; -'\""‘--_\_"
4 T : | B{22M)
= -
v 4 o " .
i % -+ =+
=1 b
I Mo¢
57
‘%‘IH_"‘H}- 7 Q1067030 L.=230
T I I
10 T =+ =+
~ “A
37 13
01030 L=170 01030 L=175
—

Fig.(4-12) Detail Of Column (07)

4.7.2 Design of Long Column(C 05 Ground Flour):
4.7.2.1 Design Of Longitudinal Reinfor cement:

Select column (CO5) for design.
Pu = 1925 kN
Pn = 1925/(0..65) = 2961.45 kN
rg=12%
Pn = 0.8* Ag{0.85* fc'+r g( fy—0.85fc")}
2961.45x10° = 0.8* Ag[0.85* 24+ 0.012* (410 0.85* 24)]
Ag =1476.33 cm?
Select 50X30cm=> Agp, s = 1500 cm?

Lu=3.25m

M1& M2=1
K=1, According to ACI 318-2005 The effective length factor, k, shall be permitted to

betaken as 1.0.

1)
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Ku gy ppMI ACI
r M 2

1% 3.25
0.3*0.3

. long Coloumn

=36.11 > 22

Check dlenderness limit:
klu

—=36.11<100
r
Slenderness limit not exceeded.
E I
El =04—9% ... ... [ ACI 318 — 2005 ]
1+ b,

E, = 4750/ fc' = 4750 * /24 = 23270 .15Mpa
_1.2DL _ 1.2(1155) _

b, 0.72
Pu 1925
* h3 * 3
|, =20 057037y 434999
12 12
* * 6 % * -3
o _ 04728270 15%¥10°¥1.13*10° _ o\
1+0.72
2
p=PE ACI 318 - 2005
(KLu)
2 %
= LGQZ — 5.71MN.
(1.0* 3.25)
M1
Cm=0.6+04 =] ACI 318 - 2005
M 2
Cm=1.... According to ACI 318 — 2005
d_ = cm >1.0 o ACI 318 — 2005
1-(Pu/0.75P,
L ~1.82>1

d =
" 1-(1925/0.75* 5710)

Ty
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e, =15+0.03* h =15+ 0.03* 325 = 24.75mm = 0.02475 m
e=e, xd, =0.02475 *1.82 = 0.05
e
==

2% o125
0.4

From Interactio n Diagram
fP, 1925 145

*

A, 0.5*0.3 1000
r, =0.012

A, =r*A, =0012*50*30 =18 cm?’
fc'=24 Mpa=3.48Ksi use 3Ksi

Fy = 410Mpa=60.1 Ksi use 60 Ksi
d'=4+1+1=6cm

d=30-6=24cm

{5250

Fromchart r g<r ,,
=r,=001

=1.86 Ps

ay
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From Prokon Software (Fig. 4-13)

Fig.( 4-13) Interaction Diagram

Check f.P, > P,
FPN, = [0.8%{0.85% fc'(A, A + FLAG ] v ACI 318 - 2005

= 0.650.8* {0.85* 24(150000 - 4906) * 10°°) + 400* 4906*10° ||
= 2486.85 kN >1800 kN Ok

. Select 10f 25= AS, 4 = 49.06cm* > As, = 40cm®

¢
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4.7.2.2 Design of the Tie Reinfor cement:

Sracing <16x d, (Longitudinal .bar.diameter) =16x 2.5 = 40cm
Spacing < 48x d, (tiebar.diameter) = 48x1.0 = 48cm
Soacing < Least.dimension = 30cm

. Use If 10@20cm
I‘— S0.0 "'l
10225
= P
=
VT2
10
o1 |
1 1
42
@Q10@20 L =150

D10@?20 L =95

Fig.(4-14) Detail Of Column (05)

10
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4 - 8 Design of Isolated Footing (FO1):

Fig. (4-15) Footing (FO1)

Once the ultimate column or load is determined, the proper footing can be designed.

The following subsections describe the analysis and design of footing (FO1) :

4.8.1 Load Calculation:

From Column :

Load = 2000 kN.

Soil Weight = 18 kN/m®.

Soil Depth=0.2 m.

Column geometry @ = 40 cm.
Allowable Soil Pressure = 400 kN/m”.

Assume footing to be about (40 cm) thick, in addition to about (20cm) of Ground
Slab.

1"
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Pu =2000 kN
Cw=12*25*0.13*18=70.2 kN
SW=1.6*18*0.2=5.76 kN/m?
Base Sab weight =1.2* 0.2* 25=6 kN/m?
Fw=1.2*25*0.4=12 kN/m?
Pu;, = Pu+Cw
Pu, =2000+ 70.2 = 2070.2 kN
Pnet =5.76+6+12=23.76 kN/m’
Where:
Cw: Column weight
Sw: Soil weight
Fw: Footing weight.
Pu: Factored load from the column
Pur: Total load on foundation

4.8.2 Design of Footing Area:
To determinetherequired footing area, thetotal serviceload will be used

Put
Areq
2070.2
Areq
Areq =3.86 m’
Try 2.0*2.0=4.0 m* > Areq=3.86 m’

+Pnet>1.4*s all

+23.76 > 1.4* 400

4.8.3 Deter mine the Depth of Footing Based on Shear Strength:
Assumeh=hyn=40cm ..... d=40-5-1-1=33cm

v
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e Check for OneWay Shear Strength

Critical Section at %+d

2,4-9% 033-053m
2 2
S = Put + Pnet
A
s = 29702 | 5376 -541.31 KN/m?

Foundation

Vu=s * M_(E_{_d) * B
2 2
Vu =541.31* (g —0.53)* 2=424.23 kN

f Ve =f .(%*\/ﬁ*bw*d)

1*

f Vc =0.75* 5 24* 2000* 330 = 404.17kN

f Vc=404.17 kN <Vu = 424.23 kN
The Foundation Depth must be increased

Selecth=45cm ....d=38cm
Check for one way shear

2,4-2%, 038-058m
2 2

Vu =541.31* (; —0.58)*2=454.7 kN

f.\/c:f.(%* fo*b, *d)

f Vc=0.75* %* 24* 2000* 380 = 465.4 kN

f Vc =465.4 kn >Vu = 454.7kN.
Safe

TA
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e Check for Two Way shear Action (Punching)
The punching shear strength is the smallest value of the following equations:

v =f 142 ) b.d
6l " b,
1( a ,
v =2 B o]/t nd
: 12(b0/d+] ¢ Do
fV, =f —\/ 'b,d

Where:

Column Length (a) 40
© " Column Width (b) 40

b, = Perimeter of critical section taken at (d/2) from the loaded area
= 2x{(a+d) + (b+d)} = 2x{(40+38) + (40+38)} = 312 cm.

a, =40 for interior column

fV, =f %{u bi}/ f'bd= %* (1+ %j J24* 3120 380 = 2178.1kN

fV, =f. (b " }/ bd_075 [40 0'38+2j*@*3120*380:2494.7 kN

3.12

fV, =f —\I bd_O;5* 24* 3120* 380 =1452.1kN

f V. =1452.1kN ..... Control
VU, = Pu-FR,

FR, =s,, *area of critical section
VU, = 2000 [541.31* (0.4+ 0.38)* (0.4 + 0.38)] = 1155.6 kN
f Vc=1452.1 kN >Vu. =1155.6 kN........ satisfied

14
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4.8.4 Check Transfer of Load at Base of Column:

f.Pn=f.(0.85fc’Ag)

f .Pn=0.65*[0.85* 24* (125633.7)] /1000 = 1665.9 kN
But Pu = 2000kN <f .Pn=1665.9kN

.. Dowels are not required for load transfer.

But use the minimum reinforcement of dowels:

As,, =0.005* Ag=0.005*1256.6=6.28 cm’

Select 9918

AS,, oiges = 22.86cm” > As,

Req.

4.8.5 Design for Bending Moment:

At section A-A

Mu = 541.31* (0.8* 2.0) * 0.4 = 346.4kN.m

Try to design it by Plain concrete

P= 2000 N

P - [ "lbl B d & & & & &

Fig. (4-16) Geometry of Footing (FO1)
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f Mn>=Mu
2000* (450)2

f Mn=0.55*%0.42* /24 * 5

f Mn=76.4 kN.m
346.4>764 ... Not Satisfied

Using Reinforced Concrete.

Mn = % =384.9 kN.m
0.9

q= Mn _ 384.9x10°
bd*  2000x 3807

o fy 410 _
0.85* fc  0.85* 24

, :l 1- 1_2><m><Rn
m fy

o2 [1_ Jl_wj=o,oog4

=1.33Mpa

20.1

T 201 410
ASreq = T *b* d = 0.0034* 200* 38 = 25.84 ¢’
ASgrirsage = 0.0018% b* h = 0.0018* 200* 45=16.2 cm?
As= Asreq = 25.95cm................. control
select 11f 18 withAs = 27.99 cm? > Asmin = 25.95 cm?

4.8.6 Check for Strain:
Tension = Compression
As* fy =0.85* fc"*b* a
27.99* 410 = 0.85* 24* 2000* a
a=28.1 mm
x:izg'l:?,&l mm
bl 0.85
o _ 410-33.1
° 33.1

e, =0.034>0005  ..... OK

*0.003

\A



Chapter Four — Structural Analysis And Design

4 - 9 Design of Combined Footing (F 21):

Fig. (4-17) Footing (F21)

Allowable soil pressure = 400 kN/m?

Column C 18 ( Dimension = 55x30 cm)

Total Load = 2650 kN

Allowable soil pressure = 400 kN/m?

Column C 18 ( Dimension = 55x30 cm)

Total Load = 2650 kN

The distance between the two columnsis 3.0 m center to center.

Assume footing to be about (70 cm) thick, in addition to about (20cm) of Ground
Slab.

\At
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Footing weight = 1.2x(25%0.70) = 21 kN/m?.
soil weight above the footing = 1.6x(1.2 - 0.70) x18 = 14.4 kN/m?.
Base Slab weight = 1.2x0.2x25 = 6 KN/m?.

Pha = (21+ 14.4 + 6) = 41.4 KN/m?.

4.9.1 Calculation of Required Area of Footing

Pu
Areq

+ Prat < 1.4 Gajowable

5300
Areq

+41.4 <1.4 X 400

Areg=10.22 7.

Select Footing Dimensions 4.7X3 with area= 14.1m? > 10.22 m?

60 A0
2 [ i = 50  J—
A A
—A— 1
41 4 ENm?| 1 I 31 4N m? ’ (41 4 EN/m?
. A & & 4 LT M A S O A i Clg 1
"ﬁ Ll HEREEENRE RSN R RS
417 3 kN/m#
] P~ 82 —_§]

Fig. (4-18) Geometry of Combined Footing (F21)

Yy
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4.9.2 Determination of Thickness (Depth)
Pu X

My
Iy

Mx
Call = tPet——Y £

Areq

= 5390 L 14+0+0 =417.3KkN/m2.

14.1

417.3 KN/m? < 1.4x 400 = 560 kN/m?
VU gitica = 417.3x1000x3000X(575 - Greq) — 41.4x1000x3000X (575 - Crey)
VU gritica = 1127.7x1000X(575 - Creg).

®Vc=0.75 ﬁ VEc! Xow X Creq

OVC = 0.75 -/24 x3000 X heg

®Vc =1837.12 X dieq

®Vc > Vu critical.

1837.12 X Oreq > 1127.7 X 1000 X (575 - Oreq)
Oreq = 57.6 cm.

h=deg+5+1+1.
h=576+5+1+1=64.6cm

select h=65cm.
d=65-(5+1+1)=58cm.

4.9.3 Check of Two Way Shear:

The punching shear strength is the smallest of:

OV, = 075 f. x 29 _ 0.75x@x%;580 — 2855.63 KN.

3
2) = bd 2 4020580
OV, = 0.75x| 1+ = |1, x 2% = 0.75x[ 142 |24 2220 _5g881 kN
: X( bJ ° "6 X( 1.833} 6

oV, = 0.75x| 2=y 21«28 _ 7540, 5] 24, H020x580 _ 7075 4
b, /d 12 402/58 12

OV, =0.75x fc’ X b°3d = 0.75x /24 x &;580 = 2855.63 kN.....controls

V¢
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Where:
b.=a/b=55/30=1.833.

b, = Perimeter of critical section taken at (d/2) from the loaded area
=2x{(a+d)+ (b+d)} =2x{(55+ 58) + (30 + 58)} =402 cm.

a.=40................... For interior column.

DV, 2V,

c Ucritical
Vuc,mcaj = Py =S aiow. X Auritica

_ =2650+41.4(1.13x 0.88) — 417.3x (1.13x 0.88) = 2276.21 kN

Ugriti

®Vc=2855.63 kN >V, ~=227621kN ..theselected depthisOK

= No punching shear failure.

4.9.4 Design in x- Direction:

YMx=0aSl "+ D

Mg, = 417.3x0.575x 0'5275 x3-41.4x 0.575x 0'5275 x3=186.43 kKN.m

4.9.4.1 Design of Bottom Reinforcement :

Mux =186.43k/N.m
Mu,. 186.43

Mn = rec = 207.2 KN.m
()] 0.9
0.85x fc  0.85x24
6
Rn = an _ 207.2x10 : 021N/ mim?
bxd® 3000x (580)
, =1(1_ 1- 2mRn)
m fy
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L a- \/1— 220000.2y _ 4 600515
20.1 410

A =T x bxd=0.000515x 300x 58 = 8.961cm?
= Asmin for shrinkage and temp

= Asmin = 0.0018 x b x h

— As min = 0.0018 x 300 x 65 = 35.1 cm 2...... control

use ®16 with As = 2.01 cm?

= the number of bars of ®16=35.1/2.01=17.46 bar

select 1816 with As=36.18 cm*> Asreq = 35.1cm?

the distance between bars = 310/ 18 = 17.22 cm , select distance = 17 cm

ACI check for reinforcement:
T=C

Asxfy=0.85xf_xbxa
3618x 410 = 0.85x 24x 3000x a

a=24.24mm
c-2_22 g
b, 085
d-x 58— 2.852

S

% (0.003) = —————x(0.003)
2.852
= e, =0.058> 0.005........ccoovrvrrirenne ok

4.9.4.2 Development Length of Main Reinfor cement

Ld = fy -xa xBxgxdb= 410

2x 4/ fc' me

x1x1x1.6=66.95 cm

AvailableLd =1125cm>Ld =66.95 cm........ ok

A
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4.9.4.3 Design of Bending Moment About S2
Top Reinforcement:

Y Mx=0aS2 @

My, = 2650x15+414x2.35x 22> 2.35

5 x3—417.3x 2.35x%

Mux =861.14k/N.m

Mn = MU _ 86114 _ o o0 1im
) 0.9
0.85x fc  0.85x 24
6
R - an _ 956.82><102 _ 0.95N/ m
bxd 3000x (580)
; :1(1_ 1- 2mRn)
m fy
_ 1 0 \/1_ 2(20.1)(0.95)) _ 0.0024
20.1 410

A =T x bxd=0.0024x 300x 58 = 41.76 cm?
= Asmin for shrinkage and temp

= As min = 0.0018 x b x h

= As min = 0.0018 x 300 x 65 = 35 .1cm *....

use @16 with As=2.01 cm?

= the number of bars of ®16=235.1/2.01=17.46 bar
select 18®16 with As=36.18 cm®> Asreq = 35.1 cm ?

5 x3=2861.14 KN.m

..control

the distance between bars = 310/ 18 = 17.22 cm , select distance = 17 cm

A%
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ACI check for reinforcement:
T=C

Asxfy=0.85xf_ xbxa
5652x 410 = 0.85x 24x 3000x a

a=37.87mm
_2 _3787 _ 455 mm
b, 085
o _d-x 58— 4.455

% (0.003) = ——— x(0.003
° X ( ) 4.455 ( )
= e, = 0.0361> 0.005

4.9. 5 Design in y- Direction
Y Mx=0aS3 @E

Mg, =417.3x1.35x 1'25 x4.7—-41.4x1.35% 1'35 x4.7=1610 KN.m

255 kI
A 4 S3
41 .4 kKN'm? T 314 KkNm?
.............. (@) . I
C Ma13kNmt |00

Fig. (4-19) Design of Combined Footing (F21) in y-Direction.
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4.9.5.1 Design of Bottom Reinfor cement

Mu =1610k/N.m

Mn :%:@:1788.9 kN.m
)] 0.9
fy 410

20.1

m= - = =
0.85x fc  0.85x24

Mn _ 1788.9x10°

Rn = 5= 5 =1L13N/ mm?
bxd® 4700x (580)
. 1(1_ 1- 2mRn)
m fy
1 Q- \/1— 2(20.01.13 ) = 0.00284
20.1 410

A =T x bxd=0.00284x 470x 58 = 77.42 cm?
= Asmin for shrinkage and temp

= As mn = 0.0018 x b x h

= As min = 0.0018 x 470 x 65 = 54 .99 cm ?
AS=ASTEY = 7742 CMP oo, control
use ®18 with As = 2.54 cm?

= the number of bars of ®20=77.42/2.5.4=230.48 bar
select 31 @18 with As= 78.74 cm?> Asreq = 77.42 cm?

the distance between bars = 460 / 31 = 15.5 cm.

VA4
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ACI check for reinforcement:
T=C

Asxfy = O.85><fC' xbxa

9310x410=0.85x24x4700x a
a=39.81 mm

_a_398l_ se4mm
b, 085
d-x
e =

S

%(0.003) = 2=4584_ 0003

— e, = 0.0341> 0.005

4.9.5.2 Development Length of Main Reinfor cement:

Ld:L,xaxBxgxdb: 410 x1x1x2.0=83.69 cm
2x 4/ fc' 2x 24
AvailableLd=1125cm>Ld =83.69 cm........ ok
4.9.6 Design of Top Reinforcement:
= Asmin for shrinkage and temp
= As min = 0.0018 x b x h
= As min = 0.0018 x 470 x 65 = 54 .99 cm ... control

select 28016 with As = 56.28 cm? > As min = 54.99 cm?
the distance between bars = 460/28 = 16 cm
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4.9.6.1 Check Transfer of Load at Base of Column (Design of Dowels):

f Pn=f x(0.85x fc'xAg+ Asregx fy) > Pu

f Pn=065x (0.85x 24x(550x 300) + Asregx 410y) > 2650x 10°

Asreq=17.34 cnt

= 0.005 oo, (ACI -Code-15.8.2.1)

min Dowels = 0.005x55x 30 = 8.25 cm?
Use dowels with the same number of column.
Use 160 20.
AS provided = 50.24 cnm?2.

4.9.6.2 Development Length of Dowels:

fy : xdb—ﬂx 2.0=41.85cm
fc'

4><\/_ 4x+24

Ld =

Avallable Ld = 65-5-2-2 =56 cm > Ld = 41.85¢cm......

4 - 10 Design of Basement Wall:

—
que=5" | 46=8 00 Kan'md
_-.,__H... _‘_I‘J B J---‘J“‘---Ll Ll ‘
I —— | ——
'— =B =
|—— —_ H— -'_'I'-.h El—
kT, =
b, e ——
,_a_-J_'L__ u:j—
< ot E—
ok =S e
.:H =
f————, E—
= & =
£ D— - —
o =
ri i | e
— ] J—“ = %, B—=
1 : = ) 3
- = 324 4 0i

Fig. (4.20) Earth pressurediagrams applied on
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S 4iow. = 400 KN/ m?
fc'=24 Mpa
f, =410 Mpa

4.10. 1 Depth Estimation:

h, =(0.1-0.12)h

h=45
h, =4.5x0.1=0.45m= 45cm.

4.10.2 Wall Thickness Estimation:

e, =Kaxgxh
=0.5x18x3.6=324
E, =324x1x05x3.6
=58.3*1.6=93.3 kN/m

€, = Kax Py

aPg,

—05x80=4 T
E, =14.4 KN/m

2 Al

4.10.3 Design of Shear:

A
%,

ERTH

£ oEe=0py

The wall thickness must be determined 4

So that no shear reinforcement

Isrequired . u
s 1 s \"F'\.H
S A 1

e

Vu=Wu,, =70 kN.

dVe = 0.75><%>< fc xbx de Fig.(4-21) Shear& Moment Diagram

AY
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OVe = 0.75x%x@x1000x de,

DV =612.4xd,,,
®Vc=Vu
70x10° = 612.4xd,,

O =114 mm
h . =114+ 40+10=164mMm......... 16.5 cm

Selected h=20cm.
d=20-3-1=16 cm

= No shear reinforcement is required.

4.10.4 Wall Design:

Mu
Mn:—:%:64.8 kN.m
® 09
me_ Y 410 5
0.85x fc  0.85x 24
6
Rn = &102 = 2.53 Mpa.
1000x 160
ro—t - Jl—w)=0.00661.
20.1 410

AS,, =1 xbxd=0.0065x100x16=10.58 cm?

0.25x~/24x1000x160
410

. pemin  1:4x1000x160 o
410

4.8 cm?

= Asmin =

AS, > MinAs........... control.

= Use®12/10cm

AY
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Check of yielding .

T=C

Asxfy=0.85xf_xbxa
11.3x100x 410 = 0.85x 24x100x a

a=22.7mm
c=2_227_ 26 72mm
b, 085
e, 0003

160-22.7 26.72
= e, =0.015> 0.005

4 - 11 Strip Footing Design:

4.11.1 Determination of Footing Depth:
-Allowable soil pressure = 400 KN/m?

-Assume footing thickness = 50 cm > h min = 25cm.

W, = 0.20x 25x 4 = 20KN

W, =05x Lx25=125L

W, = (% L-0.10)x 4.0x18=36L —7.2

W, = (%L—O.lO) x0.2x18=1.8L —0.36

Wc=470 KN/m

A¢



Chapter Four — Structural Analysis And Design

4.11.2 Bearing Capacity:

Vertical factor forces:
P :WEl +WEZ +W,y, + W +We
=(36L—-7.2) + (1.8L—0.36) +

20+12.5L +610

_ (36L—7.2) + (1.8L — 0.36) + 20+12.5L + 470

s all
I1x L

L=15m
V =W, +W, +W, +W. +Wc
V =(36L-7.2)x1.6+(1.8L—0.36) x1.6+

20x1.2+125L x1.24+ 470

V =(36x1.5-7.2)x1.6+(L.8x1.5-0.36)x 1.6+

20x1.2+12.5x1.5x1.2+470=595.1 kKN/m

s al = 595.1 <14x400............. 400 < 560...0k.
1x1.5
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4.11.3 Bending Moment Design:
Moment at section 1.

Fig(4-22) Section 1-1

>M =47><1.6><0.65><0'65+8.13x1.2x@—400x0.65x%
U 2 2
=65.5 KN.m
h=50cm=d=50-5-1=44cm
Mu
Mn:—:@:73 kN.m
0} 0.9
m= fy = 410 =20.1
0.85x fc 0.85x24
6
mn= 10 _gg
1000x 440
, 21(1_ 1- 2mRn)
m fy
re—t - Jl_w):oﬂm
20.1 410

AS, =1 xbxd=0.0012x100x 44 = 5.28 cm¥?

. Asmin - 0.25x /24 x 1000 x 440 1314 o

410

AT
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— Asmin 1.4x1000x 440 _15.0 cn?

410
As,, =13.14cm?<15.0 cm2,

ASy g emp, = 0.0018x100x 50 = 9cm®
1.3As,, =6.9cm”......controls

= Use ®14/20cm ...... with As= 7.7cm?...control.

4.11.4 Development Length of Main Reinfor cement:

fy
Ld = ab.g.d
2./ fc' 95

For f 12 bars

Ld = 4—101* 1*1*1.2

2\/24

Ld =50.2cm> 30cm

Available Ld =30 < Required Ld =50.2 cm.
So astandard hook of (20 cm ) must be used to provide Ld.

4.11.5 Design of Dowels Bars:

As Mineg = 0.0012 * 100 * 44 = 5.28 cm?’/m
Use f 12@10cm

Ld = fy
2,/ fc'

For f14 bars

ab.gd,

Ld = ﬂ1* 1*1*1.2

2424
Ld =50.2cm> 30cm.......... OK

AY
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4.11.6 Design for Secondary Reinforcement:

Asmin = 0.0018 * 100* 50 = 9 cm?
Use f 14@20 cm

4 - 12 Design of Mat Foundation:

T TR . \ R ol A A L X el
rl # % N, r
i R X - e, e W 4 . i
\"'jL e o i oKX "\/ )/ RN \'\ R NN
e x r e
"\\ H, all 4 _‘-_,' ] -\_\..
b 1 0 | S
3 1 ] o G50 -
A ! e
5 - > - % b4
y ~ o ; = = | e
- = ~ - W,
oo = s 5 - o ¥
-{j . ki ? i) o d \\h r
> ™, " N A,
4 < ot
. 4 ¥ T
o SHLI 4 1 :
, 5t P 5.1
o, ' % T B b e o ", W e . K X " 4 " ) X T e
i A S0 A \.\. e el i i g M W el
» ¢ R e T e N o \): _..-"'( W )
2 w - N S e . = 4

Fig(4-23) Mat Foundation (F23)

4.12.1 Load Calculations:
Dwa=0.3x25x20.3 = 152.3 kN/m
Elevator = 20 kN

SH. 6

qu=14x(20+ 152.3) =241.22 kN/m
Pu=241.22 x 1.4 =337.71 kN

SH.7
Dead load from ribbed slab = 37 kN/m

AA
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Liveload from ribbed slab = 28.8 kN/m

Load on Shear wall from Solid Slab = 43 kN

qu=1.2x( 37 +152.3+ 20) + 1.6 x 28.8 = 297.24 KN/m
Pu=(297.24x 2) + 43 =637.48 kN

SH.8

qu=14x(20+152.3) =241.22 KN/m

Pu=241.22 x 2 =482.44 kN

SH.9

Dead load from ribbed slab = 37 kN/m

Live load from ribbed slab = 28.8 kN/m

Load on Shear wall from Solid Slab = 43 kN

qu=1.2x( 37 +152.3+ 20) + 1.6 x 28.8 = 297.24 KN/m
Pu=(297.24 x 2) + 43 =637.48 kN

SH. 10

qu=14x(20+152.3) =241.22 KN/m

Pu=241.22 x 1.4 =337.71 kN

SH .11

Dead load from ribbed slab = 56 kN/m

Liveload from ribbed slab = 44 kN/m

Load on Shear wall from Solid Slab = 43 kN
qu=12x%(56+152.3 + 20) + 1.6 x 44 = 344.36 kKN/m
Pu=(344.36 x 2) + 43=731.72 kN

SH .12

Dead load from ribbed slab = 56 kN/m

Liveload from ribbed slab = 44 kN/m

Load on Shear wall from Solid Slab = 43 kN
qu=12x%(56+152.3+ 20) + 1.6 x 44 = 344.36 kKN/m
Pu=(344.36 x 2) + 43=731.72 kN

Total Pu=337.71+637.48+482.44+637.48+337.71+731.72+731.72 = 3896.27 kN

A4
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Assume footing to be about (40 cm) thick > hyi, = 25 cm.
Soil weight above thefooting=1.6 x (1.5-0.4) x ((4.8x2.6) - (4.2x2)) x 18
=129.25 kN.
Base Slab weight = 1.2 x 0.2 x 25 x ( (4.8x2.6) - (4.2x2)) = 24.48 kN.
Footing weight = 1.2 x 0.4 x 4.8 x 2.6 = 6 KN.
Prota = 3896.27 + 129.25 + 24.48 + 6 = 4056 kN

4.12.2 Calculation Of The Required Area Of Footing :
Pu
Areq =1.47S allowable

4056 2
——<1.4*400.......... .... Al >7.24
Areq 00 req m

select .. Area =4.8*2.6=12.48 m2>7.24 m2.. ok

4.12.3 Eccentricity Calculations
>Mx =0 + D

Mx =[(731.72 x 0.85) + (731.72 x 0.85)]+ [(~637 .48 x 0.85) — (637 .48 x 0.85)]
= Mx =160.21 kN.m

>My =0 @

My = [(337.71x1.8) — (337 .71x1.8)]= 0
= My =0.0 kN.m

Mx 160 .21

Y Pu 4056
_ _ X _
max . = ey = 0.04 <?_T_

Pu | Mx My
S nh= * Y + X
P~ Area = Ix ly

9.
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_bh3  48*263 4
—Ix = o - P =7.03 m

_bhd 26*4.83 4
Sly= =525 =23.96 m

s, = 206 . 160.21 4 3. 0= 354 63kN /m?2
48x%x 2.6 7.03

s = %0 _160.21 1 3 - 295.37kN /m?2
48x% 2.6 7.03

S max = 354.63<1.4x1.3x400 = 728kN /m2...... ... OK

4.12.4 Design of Shear

d=40-6-1-1=32 cm
f.\/C:O.75x%><4/fC'><bW><d

fVc = 0.75><%>< V24 x 2600 x 320 =509 .5 kN

s _ 354.63 +354 .63
(A,B) 2

Vu =s (A,B)XA_P

P=(1.2x25x0.4x0.3x4.8)+ (1.2x25x0.2x0.3x4.8) + (1.6x18 x1.1x 0.3x 4.8)

=71.54 kN

— 354 .63 kN /m?2

Vu:S(A,B)XA_P

Vu = 354 .63 x (0.3x 4.8) — 71.54
Vu = 439.13 kN

f Vc =509 .5kN >Vu = 439 .13kN.......... OK

9
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4.12.5 Design of Bending Moment
By using the StaadPro.2006 software to analyze the foundation, the moment result is
asin the following chart:

o
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Fig.(4-25) Moment in Y-direction
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4.12.5.1 Design In X-Direction:

h=40cm
d=40-6-1-1=32cm.
Fy =410 Mpa.

fc' =24 Mpa

Design of positive moment
Design of Negative M oment

Shrinkage and Temperature Design

Srinkage & temperatur e =0.0018*b* h=0.0018 *100* 40 =7.2 cm?2

As = 7.1cm2 /m.......... Control

1 22
Select f 14 @ 20cm = As=1§g*{p 1'4 J=7.69cm2/m>Asreq=7.1cm2/m

qay
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4.12.5.2 Design In Y-Direction:

Design of bottom moment
Mu = 28.6 KN.m

Mu 28.6
Mn —f——w—31.78kN .m
6
R — an _ 31.78*102 _ 0.31Mpa
b.d 1000 * 330
_ v
Mm=o58s7c 01
1 2.m.Rn 1 2*20.1*0.31
r m[ fy J 20.1( \/ 410 ] 00008
A:sIreq —r*b*d=0.0008 *100 * 33 = 2.56 cm? /m
_0.254/24 %1000 * 330 _ 2
Asmin = 410 =956 cm</m
~1.4*1000 * 330 _ 2
Asmin = 210 =10.93 cm</m

Shrinkage & temperatur e =0.0018 *b* h=0.0018 *100 * 40 = 7.2 cm?2/m
As=7.2 cm2/m.. Control

100 *{p *1.42

Slect f 14 @ 20cm = As:20 7

]: 7.69cm?2 > Aseq = 7.2cm? [ m
Design of Top Reinforcement
Mu = 21.7kN.m

Srinkage & temperatur e As=0.0018*b* h=0.0018 *100* 40 =7.2 cm?
As=7.2cm2......... Control

Sect f 14 @ 20cm = As =

100, (p *1.22
20 4

]: 7.690m2 > Asreq = 7.2cm2

q¢
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4 - 13 Design of One-Way Solid Slab (Stair Slab):

Check if its one way

Ly _68_ 513520 .. 0neway
Lx 3.2

4.13.1 Deter mination of Thickness and Load Calculation:

ho L _320_
20 20
Slect h=20cm

16 cm

Fig. (4-26) Top View for Solid Slab

L oad Calculation
D.L=25*0.2=5 kN/m?

SL=25 kN/m?
qu=12*5+1.6*25=10.8 kN/m?
_ qu* L _ 10.8* 3.5

vu=- ~19 kN
* 12 * 2
|v|u=q“8L _108"35" 165 knm

q0
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4.13.2 Design for Positive M oment:

d=20-2-1=17cm.
Mn:m:@:l&% kN.m
09 09
6
e Mrzl _ 18.33x10 : _ 0.634Mpa
bd?  (1000) x (170)
m = fy _ = 410 =20.1
0.85* fc 0.85* 24
1 2mRn
p=—(1- /1- )
m fy
. 1 1- \/1_ 2(20.1)(0.634) ) = 0,00157
20.1 410

Asreq=p * b* d=0.00157 *100* 17 =2.67 cm?/m
ASqingage = 0.0018x b x h=0.0018*100* 20=3.6 cm*/m
_14*pb*d 1.4*1000*170
Fy 410
Not Less than
_0.25*/fc*b*d  0.25* /24 *1000* 170
mn Fy 410
1.3* As,,, =1.3* 2.67=3.47 cm’ /m.....control

Sect If 12 @ 25cm= As:%x1.13=4.52 cm?/m ... OK

As =5.8 cm?/m

min

=5.1cm?/m

a1
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4.13.3 Check for Strain:
Tension = Compression

A * fy=085* fc' *b*a

e ]

e g

452* 410=0.85* 24*1000* a o %

a=9.1 mm %‘ E%

2 e

XZi:ﬂ:]'O?l Cm é}: LEpd Zamane' 1 Faam I_L—i_l :E:E

b, 085 et e 0200

e = £

_ .";_ = "= et

eS = M* 0.003 ;ﬁ: __'_. E}'

1.071 i | b

e, =0.042>0.005 ... ok = faaa==::
NI feEcces: ST

;\:; E. | .-I- _-T;- g

Fig. (4-27) Reinforcement for Solid Slab

4.13.4 Shrinkage & Temperature Reinforcement in Top Layer:
As=0.0018* b* h

As=0.0018*100* 20=3.6 cm’/m

Select ff 10@20cm= AS;, g = 3-93 CM* /M ........ OK

4.13.5 Development Length of Bars:

fy
Ly = —xa xbxgxd,
2\ fe

410

224

L, = x1x1x1x1.2=48.99cm Use: L, =50cm.

v
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4 - 14 Design of Stairs:

|

i

Fig.(4-28) Cross Section for the Stair case

4.14.1 Deter mination of Slab Thickness:

By limitation of deflection for solid slabs :
simply sup ported case

h > 32—?(’)0 =0.165m = select slab thickness =17cm

req —

d=17-2-1=14cm

a=tan" (@) = 26.6°
30

4.14.2 Load Calculation:

Vertical Tiles = (0.03)(23)(0.15/0.30) = 0.35 kN/m2,

Vertical mortar = (0.03)(22)(0.15/0.30) = 0.33 kN/mz2.
Horizontal mortar = (0.03)(22) = 0.66 kN/m?.

Plaster = (0.03)(22)/(C0s(26.6)) = 0.74 KN/m?.
Steps= (0.15/2)(25)= 1.88 kN/m2.

o g~ w D

7. Slab=(0.17)(25)/Cos 26.6 = 4.75 kN/m2 .

Horizontal Tiles = (0.04)(23)(0.33/0.30) = 1.00 KN/mz

Total dead load = 0.35+1.00+0.33+0.66+0.74+1.88+4.75=9.7 kN/m2.

aA
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Liveload for stairs = 5 kN/m?2

qu =(1.2)(9.7)+(1.6)(5.0) = 19.7 kN/m?.

Design for 1m strip
qu = 19.7 KN/m.

4.14.3 Design Against Shear:-

The following figure shows the shear envelope of the staircase.

qu=187 KN/m

IR

0.40

shidraga i
SO |
£ 5 N A I a

23 R

Fig.(4-29) Shear Diagram of Staircase

Vu = Ay* c0s26.6.
Vu = 32.5*c0s26.6 =29.1KN.

o Exbxo

~ 0.75x/24 x1000x 140
- 6

fVc=85.7>Vu=29.1

f\Vc

= Ve > VU, iica

- no shear reinforcement is required so the depth of stair's slab is OK

=85.7KN

19




Chapter Four — Structural Analysis And Design

4.14.4 Design Against Bending:

g="19.7 BN

A [ \\‘

Fig.(4-30) Moment Diagram of Staircase

Mu,_, =39.8KN.m

Mu
Mn:—:%:M.ZKN.m
() 0.9
* 6
Rn=_MN o 44270° ;5N /e
bxd® 1000x (140)
fy 410 =20.1

m: T =
0.85x fc  0.85x24

R S AT T S \/1_%):0_006
m fy 20.1 410

AS(e =T xbxd=0.006x100x14=8.4cm?

N

As.. = 02524 (1000)140) > 14 (1000)(140)
(410) 210

As . =4.2cny < 4.8cn?
As,, =84 cm’ > As,; =4.8 cnv’

= Useld12/10cm withAs=11.3cn? > Asreq= 8.4cnv

AR

...... bottomrei nforcenent
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For secondary reinforcement:
ASy, ¢1emp. = 0.0018x bx h = 0.0018x100x 17 = 3.06cm’

Select1010/20cm ...for top & bottom reinforcement

For top reinforcement:

AS(e) =TI xbxd=0.006x100x14 =8.4cm?.....control

N

As.. = 02524 (1000)140) > 14 (1000)(140)
(410) 210

ASy, ¢1emp. = 0.0018x bx h = 0.0018x100x 17 = 3.06cm’

= Usel®12/10cm withAs=11.3cnf > Asreq=8.4cnT ...for top reinforcement

4.14.5 Design of Landing:-

Fig.(4-31) Top View Landing

Fig.(4-32) Section in Stair's Landing

AR
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e Dead Load calculations:-

h dab=17cm

DI of Tiles =(0.03)(22) = 0.66 kN/m2.
DI of mortar = (0.03)(22) = 0.66 KN/m2.
Dlof dab  =(0.17)(25) = 4.25 KN/m2,
DI of plaster = (0.03)(22) = 0.66 KN/m2,

> D1=6.23kN/m.......for Imstrip
D2 (that comes from the stairs reaction on the lading) =16 kN/m
Total dead load = 6.23+16 = 22.23 KN/m.

e Liveload calculations:-

L1: Liveload onthelanding =5 KN/m....... for 1m strip.

L2 (that comes from the stairs reaction on the lading) = 8.25 kN/m
Total liveload =5 + 8.25 = 13.25 KN/m

e Tota Ultimate Load :-
gu=1.2D + 1.6L = (1.2)(22.23) + (1.6)(13.25) = 47.9 KN/m

4.14.5.1 Design Against Shear:-

_quxL 47.9x3.4

Vu —81.4 kN.
2

f.f d

f\/C = fyf'xb,>xd
6
Ve 0.75x /24 x1000x 140 85 TkN
6

fVc=857>Vu=814
= Ve > VUi

- no shear reinforcement is required so the depth of stair'sslab is OK

Yo
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4.14.5.2 Design Against Bending:

_ qux L? _ 47.9x 3.4°

Mu =69.2 kN.m
8
Mu
Mn:—:%zm.g kN.m
() 0.9
* 6
Rn= an = 76.910 > =3.9 Mpa.
bxd® 1000x (140)
fy 410 =201

m: T =
0.85x fc 0.85x24

polg 2Ry 1 \/1_ 220.0(39)y _ ¢
m fy © 201 410

AS(ey =T xbxd=0.01x100x14 =14 cm?

~ V24 1.4
As.. = 0.25m (1000)(140) > 0 (1000)(140)

As . =4.2cnt < 4.8cnt
As,, =14cm® > As; = 4.8 cm’

= Usel®14/10cm...... bottom reinforcement

For secondary reinforcement:

As =0.0018x bx h = 0.0018x100x 17 = 3.06cm’

sh.&temp.

Select1d10/20cm ...for top & bottom reinforcement

VoY
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4 - 15 Design of shear Wall:

(4.15.1) General Definitionsfor Seismic L oad Calculations:

According to the UBC, the total design base shear in a given direction shall
be determined from the following formula:

Cv.
V = W, Eqg. 30-4).
RT (Eq )

Thetotal design base shear need not exceed the following:

W ... (Eq. 30-5).
R The total design base shear shall not

be less than the following:

V =0.11CalW .......(Eq. 30-6).

Where:

V: Thetotal design base shear in agiven direction.

Z: Seismic zone factor as given in Table 16-1 and it equalsto 0.30

I Importance factor given in table 16-K and it equalsto 1.00

R Numerical coefficient representative of the inherent over strength and
global ductility capacity of lateral force-resisting systems, given in table 16-N
and it equalsto 5.50

Sa: Soil Profile Type given in table 16-J (V¢ > 1500mvsec.).

Ca4: Seismic Coefficient given in table 16-Q and it equalsto 0.24

C.: Seismic Coefficient given in table 16-R and it equalsto 0.24

W: Thetotal seismic dead load of al floors.

The value of Structure period T may be approximated from the following formula:
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T= C(h)® oo ( Eq. 30-8).

Where:
Ct = 0.035 (0.0853) for steel moment-resisting frames.
Ct = 0.030 (0.0731) for reinforced concrete moment-resisting frames and

eccentrically braced frames.

Ct = 0.020 (0.0488) for all other buildings.
h,: height in feet (m) above the baseto Level i, n or X, respectively.

T =0.0488 (18)** = 0.43 seconds. ........... ( Eq. 30-8).
_024x1.00 \\ 01 W (Eq.30- 4)
5.50x 0.43

~ 0.25x0.24x1.00
5,50

V =0.11x0.24x1.00xW =0.03 W ........(Eq. 30-6).

W =0.11W .......(Eq. 30-5).

v 024x100

=—— " xW=01W...oooeererel control
5.50%x0.43

4.15.2 Calculation of L oads:
W moor = Tota dead loads of the floor.

¢ W Basement Floor = Weight of slab+ Weight of stairs + 0.5( Weight of upper

columns & walls + Weight of lower columns & walls) = 6870 kN.

“* W Ground Floor = Weight of slab + Weight of stairs + 0.5(Weight of upper columns
& walls + Weight of lower columns & walls) = 7770 kN.
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“* W Frs Foor = Weight of slab + Weight of stairs + 0.5(Weight of upper columns &
walls + Weight of lower columns & walls) = 8345 kN.

¢ W second Fioor = Weight of slab+ Weight of stairs + 0.5(Weight of upper columns
& walls + Weight of lower columns & walls) = 8345 kN.

W Third roor = Weight of slab+ Weight of stairs + 0.5( Weight of upper columns
& walls + Weight of lower columns & walls) = 8034 kN.

¢ W Roof Floor = Weight of dlab + 0.5xWeight of lower columns & walls =580 kN.

4.15.3 Calculation of Shear Forceon " Shear Walls"

\W Total = \W Basement Floor + \W Ground Floor + w First Floor + \W Second Floor + \W Third Floor +

\W Fourth Floor + w Fifth Floor + \W Sixth Floor + w Roof Floor

= 6870+ 7770 + 8345 + 8345 + 8034 + 580 = 39944 kN.

According to the UBC, the total design base shear in a given direction,
V = 0.1 xW 1q4.

V =0.1x39944 = 3994.4 kN.

Ft=007xTxV .....(UBC1997-Eq. 30-14)
Ft = 0.07 x 0.43 x 3994.4 = 120.23 kN.

(V-Ft)W,xh,

$ win
i=1

Fx

... (UBC1997, Eq. 30-15).
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Table (4-1) FX Calculations.

Floor

. Roof 580 30944 203 1202  3874.2 11774 12797 24817 |
Third 8034 39944 180 1202 38742 143612 127837 152654
Second 8345 39944 144 1202 38742 110168  910.77 2437.31

First 8345 39944 108 1202 38742 80126 80647 324378

Ground 7770 39944 7.2 1202 38742 45044 51047 3754.25

Basement 6870 39944 36 120.2 3874.2 19732. 240.17  3994.42

> 39944 356450

FX Diagram

vwio 6| 24817 KN

10 1526 54 kN
i)

(1440 _d | 243731 kN

slog0 3 324378 kN

| 375425 kN

399442 kN

Fig. (4-33) FX Diagram
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By using mb BauStatic $440 8.21 software to Analyze the shear walls,
the results of Shear Wall (3) was as follow:

%0Qx = 0.34
Vi Diagram FX Diagram Mu Diagiam
6| sesm be 36 & 03 4] O0GH
A I_ iz 1718 5 i3] LA LN
4 1143 _; o) 4_
. . I—
| i \_‘ L PR LR FEELA
| b ___J_‘_h . a] L!:!Z
1 | |
1 | ikt L TN 0 1 EEY ok
0 a : 0+ 0 I
SR
—_—]

Fig. (4-34) FX,Vu, Mu, Diagrams.

4.15.4 Design of Shear wall (#3) :

/
fc = 24 MPa.

Y= 410 MPa.

h =30 cm. Shear wall thickness.
Lw = 5.0 m. shear wall length
hw = 20.3 m. Building height.

4.15.5 Design of Horizontal Reinfor cement

Vu=1351.53 kN.

Vu 1351.53
Vh =—=
f 0.75

d = 0.8*Lw = 0.8*5000 = 4000 mm

=1802.1 kN
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w%ﬁxbxd =%x@x(300)x(4000) =979.8 kN <Vu

Vs=Vn-Vc
=1802.1 - 979.8 = 822.3 kN

=0.50 mm

Avh (Vs | 8223x10°
S, (fyxd) 410x4000

AN _ ,0025x h = 0.0025x 300 = 0.75 mm
2
S, :"—g"’:@:looo mm

S, =3xh=3x300=900 mm

Select 2012 with As = 2.26 cn.
Avh

= 0.75mm > 0.50mm

2

% =0.75= S, =301.33mm

Select S, = 30 ¢m < Sgq = 30.133cm.

Select S,=30cm<S,=90cm< S, =100 cm
s Use2012 @ 30 cm (C/C) intwo layer

4.15.6 Design of Vertical Reinfor cement:

Avn=| 00025+ 052.5- ™) ANy 00025 |x S xh
Lw" 'S, xh

M 203
Lw

41 >25

— An=0.0025xS,xh=4.1 >25
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S :%x LW:%x5000:1666.7mm

S, = 3x h=3x300=900mm

Sdlect 2012 with As = 2.26 cn’.

226 = 0.0025x S; x 300

S =301.33 mm

Select S; = 30 ¢m < Sgq = 30.133cm.

Select $;=30cm<$;=90cm< S; = 166.67 cm
= Use2d12 @ 30 cm (C/C) in two layer

4.15.7 Design of Moment:

Mu = 14400.65 kN.m

Co W ACI,Eq.(21-8)

4.5

C=z > =1.11m
4.5

Cw=C-0.1xLw
Cw=111-0.1x5=0.61Im

CW=E=E=O.305 m
2 2

SdectCw=0.61m >0.305m

AS\/=MXA5V
S

Asv = S x 2.26 = 37.67cm?
0.3

AR
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z 1
Lw 2+0.85xb,x fcxLwxh 0.06
Asx fy

Mu = 0.9x0.5x Asx fyx Lwx (1—L£)
W

Mu = 0.9x 0.5x 3767 x 410x 5000x (1- 0.6)
Mu = 3266.6kN.m

MUp, = 14400.65— 3266.6 =11134.1kN.m
Mu 11134.1x10°
% - 4-9 — 6873.3 mm?

" fyx(Lw—Cw)  410x (5000 610)
Ast,, =0.08xbxCw
Agt,,, =0.08x30x61=146.4 cm’ > Ast = 68.733 cm’
As(1f 25) = 4.91
Select 14025 with As = 14 x 4.91 = 68.74 cm’ > Ast = 68.733 cm?.
& As= 14x 491 =68.74cm? < Ast max = 146.4 cm?.
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Appendix (A)

Architectural Drawings

This appendix is an attachment with this project



Appendix (B)

Structural Drawings

This appendix is an attachment with this project



TABLE 9.5(a)—MINIMUM THICKNESS OF
NONPRESTRESSED BEAMS OR ONE-WAY SLABS
UNLESS DEFLECTIONS ARE CALCULATED

Minimum thickness, h

Simply One end | Both ends
supported | continuous | continuous | Cantilever

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

Member

Solid one-
way slabs

Beams or
ribbed one-
way slabs

MNotes:

Values given shall ba us%d 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
mgﬁ? Iégma. values shall be multiplied by (1.65 - ﬂ.ﬂlﬂw,} but not

s than 1.09.

£120 £124 £/28 £M10

ENne L85 /21 L8

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

Table(4-1) MINIMUM THICKNESS OF NONPRESTRESSED BEAMS OR
ONE-WAY SLABSUNLESSDEFLECTIONSARE CALCULATED

TABLE 9.5{s) — MAXIMUM PERMISSIBLE COMPUTED DEFLECTIONS

Ty ol member Diefleciion o be congidersd Deflecilon limitaling

Flat raots mot & inig or attacieed o no- vt dellection due i e oad L E
airuciursl slemen Mﬂ 1o e caminged by £-180
large deflections
Floom nof aupporting or stinched fo nonstrec. | immedsts deflecion dus & live load L
tural edemsants likoly to b damagesd by Inrga £/360
sieflectiom | [P PPy e
Roaf ar fioar construction supparting o That part of e total detlecton coourng afer
mitmchied o nonsiruciursl slements ikely 1o be | aRachman of nonsruchurel slements (Sum of fAB0°
damaged by large dallscions E::{gﬂu-lﬂew 11!"!'.;1'](\ LT 'Iﬂﬁaﬂc :ul:.ilar.uirﬂ_-l:l

b T 1 ar immediale daflecion die 1o any
Roal or floor consiruction supparting o ;
aftachid bo nonstruciural slemants not ey e | 208icaal Bve bad) £ 2400

e darnaged by |arpe defiections

* Lami1 not imanded 10 sadsgumand aganst ponding. Pond
walar, and consmenng long-ssrm atiscis of ol susmeed Dade. camdes, constructon lemnos, and miabiity of provsons o
T Long-term datiscion shad be detarmined in accotands with $.5.0.5 o 0,503, bet iy be mdacd by amos of
mant o rngireciunl samans. This amoun! shall be dealiimsdned o6 B o] séonied drgmsiing dali riling 6 liEs-dolscion chirss e of mambars dm-

W %0 thiks Bsing conssned

shiik] 1e Grecked by sulabls cakssaiors of defacaon, |r-:|m'i|:$ ackiad defacning dus to ponded

i Limin Py e secwadad i ekaginie maasored A lnken o prevent dcamage fo supporied o wfached oemaenin

¥ Lirrit shall ot I'-&P'-nnai Wiy el i iad prouidid for nonstotunl ssmants. Limt may be seceeded i camiber is proviced so that total dalleckan minus cairder

o Fad | econd B

dhalictann cakiflaned b dcour bafiore atiach-

uirige

Table (4-2): MAXIMUM PERMISSIBLE COMPUTED DEFLECTIONS



(6)

Giaal) g cluda S Al Jlaalyl

DSl Jaal) Jeall il g s
Jaxdll Jsall
< (Jai) Jleain)
o< RS oala de
Gy 8 Ly o yal) ases Gl g Joll)
ey o ill sy e o L
1.400 2.000 s ey Qi) iy dakul) gadll
s Gkl i aadl |
Al | A
1.800 2.000 psill e O gall 5 3ol | dalaldl
Gliaditiall
1.800 2.000 psll Hleldy o e La g athall J jlaa
gl e ld 5 4 alall il el
. . C'_a\_clﬁj u.u:\‘._..ls.“j J;l_uud\}
W ele s sy Gyl
C_Il;JJ_A.“j Lﬁd\}_ﬂ‘j C_a\_;ﬁﬁ\} .
bl el el gdaga i | Aalall
Al
Al e aclia
3.600 5.000
- 6.000 Sl e s Gl
4.500 2.500 IS £ sle ()33 (0
Sl 8 dallladl) (o 2
4.500 4.000 S 3 ghe ae




Appendix (C)
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4. Building Code Reguirements for Structural Concrete (ACI 318M -
05) and Commentary, USA, 2005.
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