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Structural design of Palestine Hospital
in Hebron

Work team:
Ahmad Awad, Ahmad Froukh, Ibrahim Tomize , Zahir Namourah

Palestine Polytechnic University 2013/2014

Supervisor
Eng. Khalil Karama

Abstract

The idea of this project is the structural design of Palestine Hospital in Hebron, which
includes three departments. Surgery, Interna Medicine, and Women and obstetrics. The
project will include the construction design with all details necessary for the building which
consists of eleven floors such that the total clinical ability is about 500 beds.



The architectural design of the project based on multiple steric blocs distributed
consistently in terms of aesthetic and functional purposes, as well as it has been designed in
the form of distributing blocks that provide comfort, ease and speed of access for users. The
importance of the project can be observed in the variety of the structural elements of the
building such as slaps, beams, columns, foundation...etc.

The project - God willing - will be designed using ACI code and we will use some of
programs of structural design such as Autocad2010, Office2007, Safe, Etabs, Atir...etc. And
we will use the ACI code to determine the loads, and we will refer to several references and
graduation projects for data and design calculations. So the project will include detailed
structural study, analysis of the structural elements, expected and calculated loads, the
structura design of the elements required and the preparation of construction plans.
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Structural Analysis & Design
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Factored Loads
Slab Thickness Calculations
Load Calculation
Design Of Topping
Design Of Rib (FF-R30)
Design Of Beam (FF-B130)
Design of Column (C2-C3)
Design of Stair
Design of Isolated Footing (F4)
Design of Basement Wall
Design of Shear Wall
Design of Strip Footing



Introduction:

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

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

In this project, all of design calculation for all structural members would be made
upon the structural system which was chosen in the previous chapter.

So, in this project, there are Two types of slabs: One way solid slab, one way ribbed
slab. They would be analyzed and designed by using finite element method of design, with aid
of a computer program called "ATIR- Soft ware " to find the internal forces, deflections and
moments for ribbed slabs and by using the previous program and Etabs, Safe,And programs to
find the internal forces, deflections and moments for One way solid slab, and then handle
calculation would be made to find the required steel for all 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 ACI-318-08code.

Factored loads:

The factored loads on which the structural analysis and design is based for our project
members, is determined as follows:
qu=1.2D.L+1.6L.L.

Slabs thickness calculation:
Determination of Thickness for One Way Ribbed Slab:

According to ACI-Code-318-08, the minimum thickness of nonprestressed beams
or one way slabs unless deflections are computed as follow:

The maximum span length for one end continuous (for ribs):
hmin fOr one-end continuous = L/18.5 =6.54 /18.5 = 0.35m =35 cm

The maximum span length for both end continuous (for ribs):
hmin for both-end continuous = L/21
=7.32/21 =0.348m =34.8cm



Select Slab thickness h= 35cm with block 27 cm & Topping 8cm

Load Calculations:
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:

O wrvay nik w ek Ty LA LE s 2§ ey #-a--.-—\

s
Hialure Bk 2 8em ] - 3

Fig. () One way rib slab

Calculation of the total dead load for one way rib slab is shown in the following table:

Table (5)

Calculation of the total dead load for one way rib slab.

No. | Partsof Rib Calculation

1 Rib 0.12*0.27*25= 0.81KN/m

2 Top Slab 0.08*0.52*25 = 1.04 KN/m.
3 Plaster 0.02*0.52*22 = 0.23 KN/m.
4 Block 0.4*0.27*10=1.08 KN/m

5 Sand Fill 0.07*0.52*17=0.619KN/m
6 Tile 0.03*0.52*23 = 0.36 KN/m
7 Mortar 0.02*0.52*22 = 0.23 KN/m.




8 partition 2.30*0.52 =1.196 KN/m

5.57

KN/m

Nominal Total Dead load = 5.57KN/m of rib
Nominal Total live load =5*0.52=2.6KN/m of rib

Design of Topping:

Dead load of topping

Tiles 0.03 * 23=0.69 KN/m?
Mortar 0.02 * 22=0.44 KN/m?
Sand 0.07 * 17=1.19KN/m?
Slab 0.08 *25=2  KN/m?

Partitions 1.00 * 2.30= 2.30 KN/m®,
Dead Load =6.62 KN/m?.
Live Load = 5 KN/m?.
Wy,=12DL+16LL
=1.2*6.62 + 1.6 *5=15.94KN/m?. (Total Factored Load)

=042 f = —_—042\/27 =10% = 2.33KN.m

bhi l noad
o

No structural reinforcement is needed. Therefore, shrinkage and temperature reinforcement

must be provided.
For the shrinkage and temperature reinforcement :-

#0f 08 =2 =1 = 5 88 _ Spacing(S) = —— = 0.347m = 347 mm.

Abar

M,= [ =5
M, = 0.55 = 2.

M, = 1.3KN.n

p =0.0018
A, = prh=h=



280 280

<380 () -25*Ce < 380 ()

280 280

=380*(5—)—-25*20<380*(5—)
. 3
_ % _2BO * * (280
=380 (§ Mﬂ) 25*20<380 (% ml)

=349 mm. < 399mm.

<3*h=3*80=240 mm........... controlled.

< 450 mm.
~Use @8 @ 20 Cm C/C in both directions.
Design of Rib (FF-R30)
Material :-
concrete B300 Fc' = 27 N/mm?
Reinforcement Steel fy = 400 N/mm?
Section :-
b =12cm bf=52cm

h=3 Tf=8 cm
1 2 3 4
1 2 3
T—1 A | e e— A | e A —
0.6 2.78 ‘ 0.8 ‘ 2.6 ‘ 0.8 ‘ 5.79 0.6
3.48 ‘ ‘ 3.4 ‘ ‘ 6.49

Figure (29): Rib geometry




Dead load Units:kN,meter
5.57 5.57 5.67
3.48 34 6.49
Live load
2.60 2.60 2.60
3.48 3.4 6.49

Figure (30) : loading of Rib (FF-R30)

Moments: spans 1to 3

-43.5

4
15.2
39.6
1.74 | 1.74 1.19 | 221 3.89 | 2.6
[ [ [ [ [ [ |
Figure (31) : Moment Envelop of rib (FF-R30)
Shear
-30.9 -29.7
-22.1 -22.9 -22.8
I I | I I I
115 5.5
18.4 135
34.7
42.7

Figure (32) : Shear Envelop of rib (FF-R30)




Design of flexure of rib(FF-R30):-
Design of Negative moment of rib (FF-R30)

1) Maximum negative moment Mu © =32.60KN.m.
Mn = Mu /¢p = 32.60/ 0.9 = 36.22KN.m

m=—2_ = 0 1743

T OBsJ,  DBSe27
d =350 -20-10-12/2= 314 mm

_ My _ 326108
N ped?  120e (31492

=2.76 MPa

" ZeRpem }

=t
p_m(l 1 j_]_r

=—— 1— 12207 =0,007374

T 1743 400

~ A= p* by, *d =0.007374* 120 *314 = 277.85mm>.

¢’

i
HS”“-H = oo A f}w * (1 = ﬁ*ﬂw # (AC|-1051)
() Ty
=7 .120+314 = 222120 +314
a0 400
=122.4 mm?<132mm? ............. Larger value is control.

— ASpin = 132 mm?®< Asyeq =277.850mm?,
~ As = 277.85mm>.
2 ©18=508.9 mm?>> Asq = 476.25mm?. OK.
& Use 2 D14
— Check for strain:- (g, = 0.005)
Tension = Compression
As*fy =085* f'*b*a
307.9%* 400 = 0.85 * 27 * 120 * a
a=44.72mm.

oo _ 4472
f; 08S

=52.61mm.

i

g, =—*0.003

= 21475251 % 5003 = 0.015 0.005 A =0.9........... OK

52.61




2) Negative Moment Mu =5 KN.m.
Mn = Mu /ch=5/ 0.9 = 5.60 KN.m

fy  _ 400

=——= =17.43
DBS fi  0B527
M 5.60+10%
Rn=—1 =221 —0473 MPa
bed? 120 (31432
_ _l " " ZRne=n
p=—(1 1 5 )
1 Ze04T301743
=—— 1= 1 — =R~ 0.0012.
17.43 400

A= p* b, *d = 0.0012 * 120 *314 = 45.03mm>.

K
HS:‘ILJ'T!: _*bw*d = ﬁ*bw*d (AC|-1051)

"1-|:,|r'|,r:| JI:'I-"

=Y L120%314 = 1 4120+314
F00

el

=122.4 mm?<132mm? ............. Larger value is control.
— Aspin= 132mm?®> As;eq =45.03mm?,
“ As =132 mm®,
2 ®10= 157 mm*> Asree= 132 mm®. OK. *Note: Agyq = 78.5 mm?.
s Use2 @10
— Check for strain:- (g, = 0.005)
Tension = Compression
As*fy =085* f'*b*a
157* 400=0.85 * 27* 120 * a

a=22.80mm.
c=2= 2% 7683 mm.
{13 0B85
£, = 2£%0.003

c

= 21208 % 9,003 =0.032 > 0.005 =cp=0.9 OK

26.83

Design of Positive moment of rib (FF-R30)

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



=350 -20-10 —= 314 mm.
— My max = 39.60 KN.m
be < Distance center to center between ribs =520 mm............ Controlled.
Span/4 = 2600/4 = 650 mm.
(16™ t¢) + by, =(16* 80) +120 =1400 mm.
- bg =520 mm.

IN

IN

— ! tr
—>M”|r—0.85fr_-*bg$tf$ d__z
0.08

=085+27+052+008= 0314 —— = 10% = 261.60KN.m

MMps = 0.9 * 261.60 = 235.43 KN.m
— (PMp =235.43 KN.m > My max= 39.60 KN.m.

~ Design as rectangular section.

1) Maximum positive moment Mu ) = 39.60KN.m
Mn=Mu/ ¢ =39.6/ 0.9 =44 KN.m.

R
O.BS fi D527

=17.43

_ My #4e10%
N ped?  520e (31492

= 0.860 MPa

e _l l:l " 1— Zelnemn }
m -I'_v

_ 1 1— 1— 2e0)BO0«1T 43 = 0.0022

T 1743 400

A= p* b *d = 0.0022 * 520 *314 = 358 mm>.

2
ASp = ——=b,+d = 2sb,+d ... (ACI-105.1)
40fy) Iy
=7 2120+314 = +1+120+314
e300 400

=122.4mm*<132mm? ............. Larger value is control.
— ASpin = 132mm*< Asyeq = 358 mm®,
% As=358 mm

2 ®16 = 402.12 mm?> Aseq = 358 mm?. OK. *Note: Ag;s = 201.1 mm?.



& Use 2 P16
- Check for strain:- (g, = 0.005)
Tension = Compression
As*fy =085* f'*b*a
402.12* 400 =0.85 * 27 * 520 * a

a=13.48 mm.
=2 =1"=1586 mm
iy 085
£, = —=*0.003
= 22 % 0,003 = 0.0564 > 0.005 -p =0.9 OK

2) Positive moment Mu ) =15.20 KN.m.
Mn=Mu/¢=15.20/0.9=16.89 KN.m.

T 400

M=o - =17.43
0BS5S fp 08527
_ My _ 1689 10° _
T ped? T 5206 (314)2 0.33 MPa
p=ll— 1-Zkamy
e .II:'l.l'
=om 1- 1= =0.000831

L As=p*be*d= 0.000831* 520 *314 = 135.7 mmZ,

r

.lll_'

ASmin = 7% b * d = f*bw sd .......(ACI-10.5.1)
=27 21204314 = 2141204314

=122.4 mm?< 132mm?*............. Larger value is control.

— ASpin = 132 mm®< Asyeq =467.266mm>,

~ As = 135.7 mm>,

2 ®10 = 157 mm*> Aseq= 135.7 mm*. OK.

=~ Use 2 ®10

— Check for strain:- (g, = 0.005)
Tension = Compression
As*fy =085* f'*b*a



157 *400=0.85*27* 520 * a

a=5.26 mm.

_a _ 526
iy (L.ES

=6.20

£, =2£%0.003

c

= 3197620 % 0,003 = 0.15> 0.005 = =0.9 OK.

5,20

s Use 2 d10

Design of shear of rib (FF-R30)
1) Vu =34.7 KN,

1
qjvcij*?*bw*d

= 0.75* *—* 0.12* 0.314 *10° = 24.47 KN.

a

1.1* p V= 1.1 * 24.47 = 26.92 KN.

— Check for Cases:-

1- Casel: V< q°—§‘.
2692
2
2- M%< Vo € Ve
135< 34.7< 2692 ......... Not satisfy

Minimum shear reinforcement is required except for concrete joist construction , so no shear

34.7 <

=135 ..........Not satisfy

reinforcement is provided .

Design of Beam (FF-B130):
Material :-
concrete  B300 Fc' =27 MPa
Reinforcement Steel fy =400 MPa
Section :-

B =80

h =50cm



1 2
I y | I § 1, |
A A
‘ 0.55 ‘ 4.79 ‘ 0.7 ‘ 4.85 ‘ 0.55 ‘
50, | ‘ 5.41 ‘ | ‘ 5.47 ‘ ‘ ‘
I T 1
80.
A-A
Figure (33) : Beam Geometry.
Dead load Units:kN,meter
87.0 87.0
547 547
Live load
54.5 54.5
5.41 5.47

Figure (34) : Load of Beam (FF-B130)

Moments: spans 1to 2

-751.4
-523. -521.4

1.89/1.86
\

= 1.0711.07

478.4 492.2

2.16 3.25 | 3.28 | 2.19 |

Figure (35) : Moment Envelop for Beam (FF-B130)



Shear

-688.3
-521.8 -447.2
-295.8
289.5
440.8 506.4
692.9
Figure (36) : Shear Envelop for Beam
Design of flexure:-
Design of Positive moment:-
- MuUmax =492.2 KN.m .
bw=80Cm. , h=50 Cm.
d = depth - cover — diameter of stirrups — (diameter of bar/ 2)
=500 - 40 -10 —'= 440 mm.
Crnax == * d =2 * 440 = 188.60 mm.
amax = 1* Cmax = 0.85 * 188.60 = 160.30mm.
Mnmax = 0.85* f/*b*a*(d->)
= 0.85 * 27* 160.30* 800* (440- ~== ) * 10°
=1059.1 KN.m..
- PMnpa = 0.82 * 1059.10 = 868.5 KN.m . * Note: €s=0.004 - ¢ =0.82
- (PMnpax = 1495.773KN.m < Mu =492.2 KN.m.
~Singly reinforced concrete section.
Maximum positive moment Mu ) =492.2 KN.m
in =
ms= lj-;:h" = n.f::;z? =17.43
p=— 1- 1-22% = 1 1-ZE20 = 0009634




A; = p.b.d = 0.009634 x800x440 = 3391.11mm?°,

Check for As min -
Asmin =0.25—% b, d =2 p, . d
fy iy
Asmin =0.25Y27 800 x 440 = 1143.2 mm?

400

Asmin = 7= 800 X 440 = 1232 mm® Control.
Asmin= 1232 mm? < A = 3391.11 mm?

..........................................................................................................................

Check spacing :

BO=402=30=(11x20)

S= - =48mm=>d,=20=>25.................. OK
Check for strain:
_ Mty = 34558 X400 _ op oy i
0858 ¢ DBES=BO0=2T
== B3 — 886 mm
Hy 0.85

Positive moment Mu ) =478.4 KN.m.

fy __ 400

M= —2— = =17.43
L?I.H.'-'.,.IL. NBEE=27
A = p.b.d = 0.009334x800x440 = 3285.7mm?>.
ChECk fOf Ag’min .
Asmin =0.252% b, d =2 p, . d
24 Wy
As min =0.25 Y27 800 % 440 = 1143.2 mm?

A0

As min = 19800 % 440 = 1232 mm? Control.
400

-----------------------------------------------------------------------------------------------------------------

Check spacing :

g — BO0-40+2 I"-':Iﬂ (A1%20) _ 48 mm > d,=20>25.......cc........ OK
Check for strain:
A e
zn.f;::;;; - L:I_ ;i:ﬂ}:::; = 7530 mm
— 8 _7530 _ggp

H; 0B85




Design of negative moment:-

Nrgative moment Mu © =523 KN.m.

E . M“ .
"= Bhd? " 04
m=—2_ =_*%_ _ 1743
0851 DB5=27

. _l . . Z2m.Ry - 1 . . 2¢1T7.43+3.75 -
P= e 1 1 420 17.43 1 1 400 0.0102
As = p.b.d =0.0102x800x440 = 3618.34 mm?.
Check for As min -
Asmin =0.25—% b,.d =2 h,.d

By By

As min =O.25% 800 x 440 = 1143.2 mm*
As min = ﬁSOO ¥ 440 = 1232 mm?* Control.
As min= 1232 mm? < A = 3618.34 mm?
Use 12 g 20 Bottom, As provided = 3770 mmz > A required = 3618.34 mmz ........... Ok
Check spacing :
G = 2TINE 1"*;“ U220 — 418mm>d, =20>25 oo, OK
Check for strain:

_ .4-.-...r_v = 3770 =400 —8214 mm

OBEShH -"r_ DBS=B00=2T
=2 =21 _ 9663 mm
By 085
£, =0.0

Design of shear:-
1) Vu=521.8 KN.

1
cch=d3*T*bW*d
V27
B

— Check For Cases:-

= 0.75* ~—* 0.8 * 0.440 * 10° = 228.63 KN.

1- Casel: V, < qo—;r‘

22863
2

521.80 < =114.32.......Not satisfy.



2-Case2:2i< vy < Ve

114.32 < 521.8< 228.63....... Not satisfy.

OVsmn = - *bw*d—u\/27*08*0440*103—8574 KN.

16

> Cp*bw*d- 5% 0.8%0.440 * 103 =88 KN.......... Control.

2V min = 88 KN.

BVe + DVS min = 228.63 + 88 = 316.63 KN.
PVe< Vy £ Ve + GVS min

228.63< 521.8 < 88 .......... Not satisfy.

4-Case 4 :pVe+ DVsmin< Vy < Ve + (2 * f *by*d)

=316.63 < 521.8 <228.63+ (- *V27 *0.8* 0.440
316.63 < 521.8<685.89............. ok
shear reinforcement are required .
Use 2 leg <D 12.
As =226.2 mm?
Vo=V, - Vc 5218

Use2leg ® 12 @ 100 mm c/c.
2)Vu =295.8 KN .

hVe = * ”*bw*d

|'

=0.75* *08*0440*103—22863KN

- Check For Cases:-
1- Casel: V< Cp—;‘.
22863

295.8 <

=114.32.......Not satisfy.

2-Case2:25< vy < Ve

*10°%)




114.32< 2958 < 22863 ....... Not satisfy.

OVsmn = = f7*by*d=""V27 *0.8*0.440 * 10° = 85.74 KN.

16

=L
L

> Lxp,*d=25+08%0.440 * 10° =88 KN.......... Control.

VS min = 88 KN.
Ve + DVS min = 228.63 + 88 = 316.63 KN.
BVe< Vi € BVe + VS min

228.63< 295.8< 316.63 ................. ok .

Use 2 leg @ 10 .
As =157 mm? .

Use 2 leg @ 10 @ 200 mm.

For Vu=526.4 KN........ Use 2 leg @ 12 @ 100 mm.
For Vu=289.5 KN........ Use 2 leg @ 10 @ 200 mm.

d 44(
Smax = =
32 f 2
v Syt
Sreq = b,
s = 16 Ay fy
bw r_II



Design of Column (C2-C3):

s 8
T C4
[ = \
|l Ir; 4 \\,I
I | \ :
[T T

™ i
|| ||\'|-

Fig.(37) :Place Of Column (C2-C3) within the first floor.

Load Calculation for Column

Col. C197

—_——
= B

70cm* 65cm

27 Mpa

400Mpa

Load Calculation:



Pu = 6847.56KN
User =rg=2%

Pu=0.65*0.8*{0.85* fc'(Ag — Agt) + Ast(fy)}

6847.56*10° = 0.65*0.8*[0.85* 227 * (Ag — 0.02Ag) + 0.02 Ag * 400]
Ag = 498610.mm’

Ag =700*a

498610/700 = a

a=712.3mm

Use 750 x 700mm with Ag = 525000mm?

6847.56 0.02 525000 mm? 712.3 498610 mm’

e Selecting longitudinal bars:
Pu = 0.65*0.8*{0.85 * fc'(Ag — Agst) + Agt (fy)}
6847.56 *10° = 0.65 * 0.8 *[0.85 * 27 * (525000 — Ast) + Ast * 400 ]
Ast = 8737 .6mm?

Take 18® 25 As,provided = 8834.4mm’ > As,req = 8737.6 mm’

Ast
rg _ Ag _ 88344

525000

=0.017

0.65 8737.6 mm’ 0.017

e Design of Ties:



- Use ties @10 with spacing of ties shall not exceed the smallest of
1.48 * ds =48 * 10 = 480mm

2.16 * db =16 * 25 = 400 mm - control

3. the least dimension of the column =700 mm

Use ties @10 @ 200mm

®10 P25 200

e Check for code requirements:

_750-40*2-10*2-6*25
5

1. Clear Spacing =100 mm

40mm>1.5db=1.5*25=37.5mm - OK

2.0.01<rg =0.017<0.08 - OK

3. Number of bars 18>4 for rectangular section — OK

4. Minimum tie diameter ds =®10 for db = ®25 bars — OK
5. Arrangement of ties 100 mm<150mm — OK

100 mm 18 0.017 @10 P25

e Check Slenderness Effect:

kI—“<34—12% ............... ACI —(10.12.2)

r

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

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



Lu=35m

M1/M2 =1 (Braced frame with M,min)

K=1, According to ACI 318-02 The effective length factor, k, shall be permitted to
be taken as 1.0.

kI—“<34—12%=22<40 ............... ACl —(10.12.2)

r
klu 1*3.5

= =15.55 <22 <40......
r 0.3*0.750

.....short column.

Short column in both direction

3.5 1.0 1.0 15.55




]

=

Fig. (38):Section of Column (C2)

70




Design of Stairs
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Fig. (39) : Stair (ST1)
e Determination of Thickness:
height =3.50 m
Rise =3.5/20=17.5cm
height rise run LL fc fy

3.5m 17.5cm | 20cm 5KN/m2 |20 Mpa 420 Mpa

- Minimum slab thickness for deflection is (for simply supported one way solid slab)
h,min = L/ 28
h,min=6/28=214cm............. take h=25 cm.

= Use h = 25cm.
6 = tan’(17.5 / 30) = 30.26°

h,min (cm) 0
25 30.256°




Load Calculations
Dead Load calculations of Flight :

Plaster = LR £ =0.762 KN/m
cos 30.256
concrete = M =7.217 KN/m
cos 30.256
mortar = % 0.02 %22 =0.696 KN/m
03+0.175
stair = 03 %2 25 =2.1875 KN/m
Tile = % 0.03 %27 = 14175 KN/m

Total load (DL) = 12.3 KN/m
Live load (LL) =5 KN/m

Dead Load calculations of Landing

material gama h(m) b(m) KN/m
Tiles 22 0.03 1 0.66
Mortar 22 0.02 1 0.44
RC 25 0.25 1 6.25
Plaster 22 0.03 1 0.66
Total load (DL)
Live load (LL) =5 KN/m2

Total Factored load,,,, (W =1.2DL + 1.6LL)

For Wy, » W=1.2%12.3+ 1.6*5 =22.76 KN/m

For W4, » W=1.2%8.01+1.6*5=17.61

Wflight (KN/m) Vvlanding (KN/m)

22.76 17.61




Becouse the load on the landing is carried into two direction , only half the load
will be considered in each direction 17.61/2=8.81 KN

- Structural System Of Flight (FL1) :

22 7EEN

s LI et

e FEQBETT

.8 m a0 vy
b b + b

Fig. (40) : Structural System of Flyight (FL1)

Check for shear strength For Flight:

Assume @ 14 for main reinforcement:-
d=h-20-db/2=250-20-14/2 =223 mm
VU =46.92—8.81(0.1+0.223) = 44.1KN

_0.75*+/20 *1000* 223
- 6

vu=44.1 KN < 0.5* fvc=62.33 KN.

fVc =124.66KN/m

Thickness is adequate enough

db (mm) h(mm) d (mm) Vu (KN) | fVe(KN)

@14 250 223 47.85 136.56




Design of Flexure:
- Design for Flight:

1.243
2

Mu = 46.92 ?‘* — 881X 12

— 2276 X g % g =84 KN/m

Mn =Mu/0.9=84/0.9=93.34 KN.m/m
d=h-20-db/2=250-20-14/2 =223 mm

Mn

R=b.a?

_93.34*10°
1000 * 2232

_
0.85x fc'

R, =1.877MPa .

420
m =
0.85x 20

r:il— 1_2m& _ 1 1_\/1_2 24.71*1.877 — 0.00475
m f, 24.71 420

As,, = 0.00475*1000*223 = 1058.5 mm*/m > As,, = 450mm?/m.... OK

=24.71

As_ =0.0018 *b*h = 0.0018 *1000 * 250 = 450mm?/m
Use @ 14 then,

Mu(KN.m) m Rn p ASpeq(m?) | ASpin(mn?) | S(mm)

84.0 24.71 | 1.877/Mpa | 0.00475 1058.5 450 150

Use ® 14 @ 15cm c/c , As = 1078 mm2/m strip

- Step ('s) is the smallest of :-

1. 3*h=3*250 =750 mm

2. 450 mm
s380(%)-2.5*cc

<380 * (=) —-2.5%20 =380 *(

¥
3y

“)—2.5*20=330mm

z
3




< 300(111_:') =300 * ()= 300 * (;~-) =300 mm ... (control)

2 ¢ JeT
EJI'” ;—4‘- 42

- Check for strain:
Tension = Compression

A * fy =0.85* fc' *b*a
1078*420 = 0.85* 20*1000* a
a=26.64m
c= & 2664 o 33
b, 085

o _223-3233

*T 3233
e. =0.0177 > 0.005——> ok

*0.003

Temperature & Shrinkage reinforcement:
ASqinage = 0-0018x bx h=0.0018x1000x 250 = 450mm?*/m

Use ® 14 @ 30 cm c/c, As prov = 461.7 mm2/m strip

- Step ('s) is the smallest of :-

1.5*%h =5* 250 = 1250 mm
2. 450 mm - control

ASShrinkage ( mmZ) S(mm) db (mm)
461.7 300 ® 14




- Design for landing (L1):

381N m, & 8FEN S
4 - - 4 - _.-"f
: F.o 0 Th 06 PO 1
TS5 OKRN JHOHRN

Fig. (41) : Structural System of Landing (L1)

- Calculate the maximum bending moment:

Mu =185 3—_f 881 x15% "5:“ —17.61 x % " % — 18.63NK/m

Mn =Mu/0.9=18.63/0.9=20.7 KN.m/m
d=h-20-db/2 =250 -20 - 14—14/2 =209 mm

Mn
R”_b-dz

* 6
R, = 2277107 _ g 474MmPa .
1000* 209

__ by
0.85x fc’

420
m =
0.85x 20

r:il— 1_2m& _ 1 1_\/1_2 24.71*%0.474 — 0.001145
m f, 24.71 420

AS., = 0.00342%1000%209 = 239.2 mm?/m< As,,, = 450mm?/m.... OK

=24.71

As,. =0.0018 *b*h = 0.0018 *1000 * 250 = 450mm?/m
Use @ 14@ 300cm c/c




Mu(KN.m)| m RN D | ASpeqm?) | ASmin(mm?) | S(mm)

62.075 20.6 | 0.474 Mpa | 0.001145| 239.2 450

300

- Step ('s) is the smallest of :-

1. 3*h = 3* 250 = 750 mm
2. 450 mm
< 380 (ﬂ) 25*C,

<380 * (i”" )—2.5%20 =380 * ( =) -2.5*20 = 330mm
300(@) =300 * (i”")_ 300 * (fjj“ ) =300 mm (control)

- Check for strain:
Tension = Compression

A *fy=0.85* fc' *b*a
450*420 =0.85*20*1000* a
a=11.12
c:izgzl&lmm

b, 0.85

209-13.1
e, =
13.1

e, = 0.049 > 0.005—— ok

*0.003

Temperature & Shrinkage reinforcement:
=0.0018x bx h =0.0018x1000x 250 = 450mm*/m

Assmnkage
Use ® 10 @ 15 cm c/c, As prov = 523.33 mmz2/m strip
- Step (' s) is the smallest of :-

1.5*%h =5* 250 = 1250 mm
2. 450 mm - control

ASShrinkage (mmZ) S(mm) db (mm)
450 300 ® 14




Design of isolated footing (F 4):
e Design of Isolated footing (Under ColumnC202):
£/ fy

27 Mpa 400Mpa

e Load Calculation:-
- From column (C202): (DL &LL)

* Service dead load ( DL) = 854.78 KN
* Service live load (LL) = 367 KN

* Service Surcharge =5 KN/m?

* Column dimensions =20 cm*60 cm

* Allowable soil pressure = 400 KN/ m?
* Soil density = 18 KN/m3

* Soil weight = 0.6*18= 10.8 KN/ m?

DL(KN) | LL(KN) | Service Column all. soil Soil density | Soil weight
Surcharge dimensions| pressure

854.78 | 367 5 KN/m? (20*60) cm 400 KN/ m? | 18 KN/m3 | 10.8 KN/ n|

e Calculating the weight of footing, soil, and Surcharge :

h

- Weight of footing (assume " etre = 25 ¢cm)

Wipging = 0.25%25 = 6.25 KN/m?

- Total Surcharge load foundation:
WT = Soil weight +w;,;,, +Surcharge load =10.8+6.25 + 5 = 22.05 KN/m?

- Net soil pressure %e :

0 =400 -22.05 = 377.95 KN/m?
- Required sizes of footing:

P _ 854.78+367 _ 5 0 s

A required =
377.95

net

Try 1.8*1.8 Area=3.24 m2
I’-‘footi ng Wfooti ng Wsoil WT qna A, req u | red




| 25cm | 6.25 KN/m? 10.8 KN/m? 22.05 KN/t 377.95KN/m2| 3.23m2

e Depth of footing and shear design:
Pu =1.2DL + 1.6LL =1.2*854.78 + 1.6*367 = 1612.94 KN

= 101294 _ 497 82 KN/m?
3.24
Try area Pu qu
1.8*1.8 m 1612.94 KN 497.82KN/m?

%
)
Inclinad crack

Tributary area far
Two-wivy shear

Grltical saction
for two-way shaar ™

Two-wav shaar

Fig. (42) : Isolated Footing

e Determine the Depth of Footing Based on Shear Strength:-
e Check for One Way Shear Strength
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Fig. (43) : One way shear strength

2 2 2 2
fVc=%\/ﬁ*l.8*d*lo3

Let,f Vc=Vu
d =0.26m
h=260+75+20=355mm

Try h=400 mm .....
d =400 - 75 — 20= 305 mm

d (mm) h (mm)

Try h(mm) Try d (mm)

0.75

260 355

400 305




e Check for Two Way shear Action (Punching).

- The punching shear strength is the smallest value of the following

equations:

fV, =f %(u bi}/ f'b.d

f.V_f— 2 1. b,d
(b ja” ]

V_f—\rbd

Where.

Column Length (a)

600

=3.00

b =
Column Width (b)

200

b, = Perimeter of critical section taken at (d/2) from the loaded area

b, =2(0.6+0.305)+2(0.2+0.305)= 2.82 m.
a.=40....... for interior column

fV, = (1+—}/ bd_075 [1+300j*\/_*282*0305*103 931.1kN

0.75,(40*0.305
fV, =f. bd =
¢ 12( b, j\/» 12 ( 2.82

f\V, =f —\/ d—O;S* 27 *2.82*0.305*10° =1117.30kN

j*ﬁ *2 82%0.305*10° = 1208.43kN

be

b, (M)

aS

fV. (KN)

3.00

2.82

40

4456.97

Vu = ((1.8*1.8) — (0.6 +0.305) * (0.2 +0.305)) * 497.82 = 1385.42kN
Vu=1385.42KN < V¢ =931.1...... NOT OK

Try h=600 mm

d =500 - 75 — 20= 505 mm

d (mm)

h (mm)

Try h(mm)

Try d (mm)

0.75

260

355

600

505




e Check for Two Way shear Action (Punching).

Column Length (a) 600

=3.00

€ Column Width (b) 200

b, = Perimeter of critical section taken at (d/2) from the loaded area
=2(0.6+0.505)+2(0.2+0.505)= 3.62 m.

a.=40......

S

f Ve =f.l 1+i
6 b

1(a
fV,=f.=
c 12(

for interior column

+2
2]

C

Jd

3.00

[40*0.505

3.62

27 *3.62*0.505*10° = 2374.8kN

}/ t bd = 0%*(“ i)*\/ﬁ*s.sz*o.sos*lm —1979.1kN

[1bd = 75

FV, =f%\/ fc’bod:%*

+ 2)* 27*3.62*0.505*10° = 4500.25kN

b b, (m) a, £\ (KN)
3.00 3.62 40 1979.1
Vu = ((1.8*1.8) — ((0.6 +0.505) * (0.2 +0.505)) *497.82=122512kN < f V. ..... OK
h (mm) d (mm) b, (M) Vu (KN) f V. (KN)
700 605 4.82 1225.12 1979.1

~ Take h=600 mm

d = 600-75-20 = 505mm

e Design for Bending Moment of long & short directions.

h (mm)

d (mm)

b(m)

600

505

1.8

d = 600-75-20/2 = 515 mm
Mu =497.82*1.8*0.6*0.6/2 = 161.3 KN.m

m= 1

400

"~ 085*fc  0.85*%27
_ Mu/f _ 161.3*10°/0.9

=17.43

" p*d?

1800* (515)2

= 0.375 Mpa



b= 1 (1- \/1‘ 2(17.43)(0.375) ) = 0.0009453
17.43 400

ASreq= 0.0009453 (1800) (515) = 876.3 mn?

Asin =0.0018*b*h == 0.0018 (1800) (600) = 1944 mn?
ASreq= 876.3mm’ < ASpip = 1944t ..... NOT OK
Take 13 ® 14 | As,provided = 20.01 cm? > As,required = 19.44cm?
=1800—75*2—13*14
12
- Step(S) is smallest of:

1. 3h = 3*600 =1800 mm
2. 450 mm - control
S =122.33 mm < S,max = 450 mm - OK

S = 122.33 mm< Smax=450mm

161.3 17.43| 0.375Mpa | 0.0009453 | 876.3 1944 1944 | 122.33

- Check strain
Tension = Compression
A x fy=0.85x f ,'xbxa

2001x400=0.85%x 27 x1800x a
a=19.38mm

19.38
C=——
0.85

=22.8mm

515-228

S

% 0.003 =00.065> 0.005...0k

2001 19.38 22.8 0.065




e Development length of flexural reinforcement:

Ld for @ 25:
Ld_i fy yt ye ysxdb:g>< 400X1*1*1
10 [fc’ k, +C 10 /27
“db
Available length = ((1800-600)\2)-75=525mm
692.82mm> 525mm ...............0k

e Load transfer at the column-foundation interface (Dowels design ):

x 25=692.82mm

- In footing :

®Pnb = ®(0.85 fc'A x %)

A; = 0.6 *0.2= 0.12 m?
A, =1.8%1.8=3.24m?

\/Ea/ﬁ:s.zwz ................ Ay,
A 0.12 A

®Pn.b=0.65x(0.85%x27x0.12 x 2) x1000 = 5508 KN
®Pn =5508 > Pu =1612.94 KN.......... .0k

The Dowels are not needed for footing

As,min =0.005 * Ac = 0.005* 600 * 200 = 600 mm2

Use 2® 25 , As,provided =981.75 mm? > As, required = 600 mm?

- In column:
®Pn,b=®d(0.85 fc'Al)

®Pn,b =0.65(0.85 x 27 x 0.6 x 0.2 x 1000 ) =1790 .1KN
®Pnb=1790.1KN > P, =1612.94KN

The Dowels are not needed for column

- Development of dowels in footing:
0.25*400

O 251y, *db=

| Jfc %27
Ld(2)req = 0.043 xfy xdb = 0.043 x420 x25 = 430 mm
Ld(2)req = 200 mm



=>Ld(1)req=481.13mm ............. Control
Available Ld =600 -75-2*14=497mm .

AvailableLd =497 mm > Ld required=481.13 mm................. OK.
- Lap splice of dowels in column :
Ls=0.071fy.db
=0.071 * 400 * 25 =710 mm.
Use 1000 mm
S. =
d“\ ;\'\
2 Y
I F4
S
gl 8
]
L=
E\ 1::\
< 1 Er
0.0 0.60 0.60 060 0.10
et - - o -

0.10 1.80 0.10

Fig. (44) : Isolated Footing (F4)
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Fig. (45): Details of footing (F4)

Design of Basement wall:

e |oad calculation:

fc=27 MPa, fy=400Mpa, s=20KN/m?, qall=250KN/m?, ¢=30, surcharge =5KN/m?

010 060

27Mpa | 400 Mpa | 18 KN/m? 400 KN/m? 30 | 5KN/m?
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Fig (46):Section Of basement wall

Ca =1-sing =1-sin 30 = 0.5 ( Static Earth Pressure)
Pa=Ca*h* g =0.5%*3.90*18 = 35.1 KN/m2

Ws
hs= —= 2 =0278m
W 18

Ps=Ca*hs* Qg =0.5*0.278 * 18=2.5 KN/m2

0.5 35.1 KN/m2 0.278 m 2.5 KN/m?
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Ps =25 KN/m

Pa=35.1 KN/m

Fig. (47): Static System

From Atir we have moment and shear envelop

Shear

-64.

-78.2

50.8

47.1

Fig. (48) : Shear envelope diagram of basement wall.




Moments: spans 1to 1

2.14 63.5 1.76

Fig. (49) : Moment envelope diagram of basement wall.

Design of Bending Moment
Mu = +63.5 KN.m/m

d=300-75-20/2=215mm

R - Mn
b-d?
*1 N6
R, = 635710 > =1.5264MPa.
0.9*1000*215
m = fy
0.85x fc
m = 400 =17.43
0.85 x 27

1 2m * *
r =—[1 fl—R‘j = L(b \/1_ 271743715264 ] = 0.003952
m f, 17.43 400

As, req = 0.003952*1000*215= 849.706 mm’/m




Use ® 16@ 20 cm,
With As,provided = 1005.31 mm2/m > As,req = 849.706 mm2/m
- As.min for vertical bars:

- 0.0015*b*h = 0.0015 *1000*300 = 450 mm?/m

Va7
400

- 0.25 XX *1000*250= 812 mm?/m.

- 2 %1000 *250 = 875 mm¥m. . . .. ... CONTROL

A0

Use ® 16@ 20 cm, with As, provided = 1005.31 mm2/m > As, req = 875 mm2/m
- For horizontal bars :
0.002*b*h =0.002*300*1000= 600 mm?/m.
Use ® 14@25cm, with As, provided = 616 mm2/m > As,req = 600 mm2/m
- Check for shear

d =300 7510 = 215cm
f.Vc=O.75*%*1/fc’*bw*d

f Vc=0.75 *%* 27 *1000 * 215 =139.65.1KN

Vu= 64 KN < @Vc=139.65........0K

The thickness is enough
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Fig. (50)Basement details.

Design of a shear wall:

To design shear walls we use ( CSI ETABS) Software , and this is a

manual example of shear wall design :



\3762 KIN .m

T\

A
\59‘9'!} K m

Fig. (51) Shear and Moment Diagrams of Shear wall

Fc = 20MPa
Fy = 420 MPa
t=25 cm .shear wall thickness

Lw = 5.0 m .shear wall width

—[‘"ﬂ EN
90 K4

233

:

|

Hw for one wall = 3.5 m story height

4 .15.1: Design of shear
> Fx=Vu=630KN

\—I?U K

NE

625 KIJ

630 EINd




Design of the Horizontal reinforcement:

The critical Section is the smaller of:

Iﬂ = El = 2.5m.... contorl
2 2

hl: E: 12 m
2 2
storyheigh t =3.5m

d=0.8xIlw =0.8x5000 = 4000 mm

5 —
@L;max =®6 fﬁrhd

= 0.75 * 0.83 * V20 * 250 * 4000 = 3711.9KN > V,

1 — j y
V=5 f.'hd = 6\/20 * 250 + 4000 + 10™2 = 745.36KN
i Nud "~
1. =027 f. 'hd+ 2l = 0.27V20 * 250 + 4000 + 0 = 1207.5KN
w
5990 — 3762

+ 3762 = 4398.6KN.m

Mu =
3 35

M, 1, 43986 5
7.2 630 —5= 4.48 > 0 (+ve value)

l, 01 f£'+ 0-2#;?
W
M, |

W
Ve 2

__ 501v20+0
= 0.05v20 + 178 250 * 4000 = 722.73KN Control

V.= 005 f+ hd

Vs =Vn - Vc
= (630 /0.75) — 722 .73 =117 .27 KN

V.  117.27+10°

] ] 2
f},d 220 » 2560 0.0698mm=/mm

"'q.\'
g



A, 00698
P=S%h_ 250
Use ¢ 12 As=113.1 mm?

= 0.000279 < 0.0025

o 2:;53; = 0.0025 = § = 361.92mm take it 250 mm
Max. Spacing
E—W = @ = 1000mm
5 5
3h =3 %250 = 750mm
450 mm............... cont

Use ¢ 12@250mm in tow layer

Design of bending moment :

Ay = L 2 % 113.1 = 5655mm?
67200 T
A, 5655 420
w= f_f = =0.119
L,h f.' 4000+250 20
Fy 0
b =—=—=
Lhfe
C W+ a 0.119+0
l, 2w+0858;, 2%0.119+0.85+0.85
@M, =@ 0.5Af, 1, (1 + fu (1 g
T st Sy tw As.r_fy Iw
=0.9 0.5 * 4524 + 420 + 5000(1 + 0)(1 — 0.123) = 4682.92KN.m

> Mu

- use ¢ 12@200 mm for vertical reinforcement



Design of Strip footing.

Flg (52) location of Strip footing .

Load Calculation :

H (slab) = 0.35m

H( )=0.15m

Weight of wall (D.L.) = height* Thickness * 1m wide *y. =4* 0.3 * 25 =30 KN/m
From plaster D.L =0.3* 25 * 23 =5.52 KN/m2

D.L=30+5.52=35.52kn/m

Total W= 35.52 =35.52 KN/m
Allowable soil pressure = 400 KN/m?

Assume footing thickness is 0.25 m.

A:ﬂ:2 =0..125m2
gall 400
= B=1.2m

Take B=120cm .



Pu =1.4*35.52 = 50 KN/m

qu=Y= 30 41 67kme
A 1x.2

Assume h=35cm

h =350mm

d =350-75-10 = 265mm

V, =1x(0.6 - 0.15-0.265)x 41.67 = 7.71kn

fVv, = 0.75x% fc' b,.d = O.75x%ﬂ x1000x 0.265x10°

=162.28kn
fV, >>V,

So No Shear Reinforcement

M, = 41.67x0.45><1x(0':5j =4.22kn/m
M, = M, :4'—22:4.7anm
09 09
6
Kn= N __ 47A07 g oeoMpa  m=_ v = 40 _ o6
b*d> 1000x 265 0.85f, 0.85(24)
, :i(l— 1- 2mKn)
m fy
L1 (1_\/1_2x20.6xo.o.669):0_00016
20.6 420

A s reg) = 0.00016 (1000) (265) = 42.3 mm”

A's min for shrinkage and temperature:
A's min =0.0018*b*h

=0.0018*1000*300=540 mm



AS,, = 450mn?

#of bar = 4—50 =4
1131
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Design Of Topping

Design Of Beam ( FF-B130)
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54 Table (5): Calculation of the total dead load for one way rib slab.
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Fig. () One way rib slab.

Fig. (29): Rib geometry

Fig. (30) : loading of Rib (FF-R30)

Fig. (31) : Moment Envelop of rib (FF-R30)

Fig. (32) : Shear Envelop of rib (FF-R30)
Fig. (33) : Beam Geometry.

Fig. (34) : Load of Beam (FF-B130)

Fig. (35) : Moment Envelop for Beam (FF-B130)
Fig. (36) : Shear Envelop for Beam.

Fig. (37) :Place Of Column (C2-C3) within the first floor.
Fig. (38):Section of Column (C2)

Fig. (39) : Stair (ST1)

Fig. (40) : Structural System of Flight (FL1)

Fig. (41) : Structural System of Landing (L1)

Fig. (42) : Isolated Footing

Fig. (43) : One way shear strength

Fig. (44) : Isolated Footing (F4)

Fig. (45): Details of footing (F4)
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Fig. (46): Section Of basement wall

Fig. (47): Static System

Fig. (48) : Shear envelope diagram of basement wall.
Fig. (49) : Moment envelope diagram of basement wall.
Fig. (50)Basement details.

Fig. (51) Shear and Moment Diagrams of Shear wall.
Fig. (52) location of Strip footing .




List of Abbreviations

Ac = area of concrete section resisting shear transfer.

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

Ag = gross area of section.

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

At = area of one leg of a closed 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.

C, = compression resultant of compression steel.

DL = dead loads.

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 supports in slabs without beams and face to face of beam or other supports in
other cases.

LL = live loads.

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 longitudinal 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.

Woc = weight of concrete. (Kg/m3).

W = width of beam or rib.

Wu = factored load per unit area.

@ = strength reduction factor.

€. = compression strain of concrete = 0.003mm/mm.

€, = strain of tension steel.

&€ = strain of compression steel.

p =ratio of steel area .
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