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Abstract
The structural design for hospital in Hebron city

Project Team
Hamdi mostafa ahmad abu omar

Mohammad makhtoub
Supervisor
Eng:Khaleelkarama.

The main idea of this project isanaysis and design of all structural systems
of the hospital building ,we will study and design of al structural element and the
preparation of all drawings, that needs to execute this project.

The project consists of ten floors, and contains alot of services needed by the

public,and this project designed according to modern architectural system .

The project areais 42,170 m 2 and is divided as follows.
Basement areais 4270 m 2.

Ground floor area of 5900 m 2

Refined floor area of 4000 m 2.

We will design according to ACI Jordanian load code,and we will use many
programs for structural design.
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List of Abbreviations

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 = areaof 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 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 supportsin other cases.

LL =liveloads.

Lw = length of wall.

M = bending moment.

Mu = factored moment at section.

Mn = nominal moment.

Pn = nomina axial load.




Pu = factored axial load

S = Spacing of shear or in direction paralel to longitudina reinforcement.
V¢ = nomina 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 stedl.

p =ratio of steel area.
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Chapter 4 Structural Analysis &Design

4.1 Introduction

The project consists of several structural elements that will be designed according to
the ACI code and by using the finite element method using much computer software such
as “ATIR” find the internal forces, and moments for the al structural element in order to
design it.

4.2 Deter mination of Slab Thickness
Determine the thickness of the two way slab
Assume the minimum thickness h = 32 cm.
Y(cex) =(32*80* 54+60* 38* 19)/(80* 32+60* 38)=37.50cm
* | beq =80*32.5°/3 - 20%0.5%/3 + 60* 37.5%3 = 1970103.3 cm*
Y(cin) =(100* 32* 54+60* 38* 19)/(100* 32+60* 38)=39.44cm
* 1 b(in) =100*30.563 /3 + 40* 1.443 /3 + 60* 39.443/3 = 2178375.6 cm4.

o.80 1.00
.32 o.32
.70 oO.70
0.38 Q.38
O .80 0.&0
exterior interior
beam beam
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*dab section for Exterior beam

—=| 0.&0 - L2 ~|
.24
T .-_-.‘:. “‘L""f‘-i_liH"‘__* = -.-_L.-_,_. r
T E: el == :t P ﬂ{ S ‘J??m—u
0. 70 i = S LS I S A 2 S - =
i _._| I——u.15 —=| 0.4 !

Figure (4-1) : Rib Section

*the moment of interior for the ribbed slab is the sum of moment of inertiaof T-section
ribs within adistance (L/2 + by)

i— 0.5%

B =55 cm.

 15:32:1648+40+4
¢ 1543248040

=112 cm.

55+11.2% 40323 = 15.20.8°
lib = - + == =70314.7cm*

3 3

*short direction = long direction.

B&0

[}
Frip* (24 by) 703147« (o +60)
|= 2 = - =626440 cm
by 55
Interior beam

*short direction = long direction.

L=860cm
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Lright , Lieft
e b 03147 (Be0+60)

by 55

ls

_ 21783756

Of1= Of 2 = Of 3= Qs 4 T =1.852

Orm=1.852

In(0.8+-12 9 BE00(D.84+— 20y
min T .
36+50(0p-0.2)  3645+1(1852-0.2)

/] AN

P N

S 4

takeh =320 mm
240 mm block

80 mm topping

31

1176173.2 cm*

= ——u  —-_______UN _ -—21374mm>125mm ok
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4.3 Deter mination of factored L oad

4.3.1 Determination of load on Rib

Filenw F ooerr

Aedarr-praes D ooemn

Coarse Sara f T o

I woraveseendes Tragapadings & i
£ rreresiwrdes falercck

R L Coenorele vl

Flasear 2 o
I ICAL,,. BEGETON I el O mE S LA
Figure (4-2): details of material
Load calculation for two way rib slab.

Material quality density (KN/m®) | w=p.V (KN)
Tiles 22 22*0.03*0.55*0.55=0.2
mortar 22 22*0.02*0.55*0.55=0.13
sand 16 16*0.07*0.55*0.55=0.34
Rc topping 25 25*0.08*0.55*0.55=0.61
RcRib 25 25*0.24*0.15(0.55+0.4)=0.855
Concrete block 9 9*0.24*0.4*0.4=0.346
Plaster 22 22*0.02*0.55*0.55=0.13
Partitions = 2.38 KN/m* 2.38*0.55*0.55=0.72
Total load of slab 3.33KN

333
055055

=11 KN/m?
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C.40 — -
|
]
0.0 a1 _4*_
S
| : 0.55
0,15 f I I *
(.55 —e -
Figure (4-3) :two Rib geometry.
WD = 1.2¥11 =13.2 KN/m?
Liveload of dlab :-
L.L =5KN/m?
W, = 1.6*5=8 KN/m?
Wy =13.2 + 8=21.2 KN/m?
Load calculation for one way rib slab.
Material quality density (KN/m®) w = (KN/m)
Tiles 22 22*0.03*0.55=0.363
mortar 22 22*0.02*0.55=0.242
sand 16 16*0.07*0.55=0.616
Rc topping 25 25%0.08*0.55=1.1
Rc Rib 25 25*0.24*0.15=0.9
Concrete block 9 9*0.24*0.4=0.864
Plaster 22 22*0.02*0.55=0.242
Partitions = 2.38 KN/m? 2.38*0.55=1.31
Total load of dab 564 KN /m

33




Chapter 4 Structural Analysis &Design

B e

Figure (4-4): two way rib dlab.

4.3.2 Determination of load on the Beam

Servive D.L from the slab =11*2*4.5=99 kN/m
L.L from the dab =5*2*4.5=45 KN/m
Weight of the beam=13.7 KN

Service L.L upon the beam =5* 1=5 KN/m

Tiles 22*0.03*1=0.66

Mortar 22*0.02* 1=0.44

Sand 16*0.07*1=1.2

Plaster 22*0.02* (1+2*0.38)=0.775
Parition 2.38*1=1.904

Total dead load 5KN/m
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boad group no. 1
Dead load - Service Unita:kN meter
% %, 9, % @,
[
Ju,u TS T T TR
I | I I ]
Live load - Service Load factors: 1.20,1.2011.60,0.00

uij”u u-"{“u u5f‘”u‘ !
I L] I I

Figure (4-5): loading of Beam

4.4 Design of ribs:

IIJ/ i L H-E:rNrr ‘:
/ *,
! .,
/ % \\\
u—-&nm'!q» H-a.‘....l-h-n xﬂ'i-hs‘ul.n
N A
\\x"“c!-‘_’_"':‘-b"[; #
\ |/ )
5, 74 /
~ r [ E 7
H-ﬂ.‘ll..hlrr ;;’
i
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Case 2
Design for positive moment M,, =20.2 KN.m
Assume bar diameter #14

d=320-20-8-14/2=285mm

_ My _ 20.2+10° -05

N wbd? ~ 09455042858

m=—2= 420/(0.85* 28) = 17.65

T D85+ fc
1 205417 65
P == 1- 1- T) =0.0012
[ T | L4« 50285
"q'_'.'rrtr'r: =W =142.5 control

Iy 420

0.25 Jebywd  025+VZH«150+285
J'q".':rrl:r'r: = = ?
: fy 420

=134.7mm*

A.=pbd =0.0012* 550* 285=188. 1mm*>A,,.;,

N=_"" =16

T AD12Z
Take 2@12

Check for strain:

2262420
.B5«2R«550

=7.26 mm

n 726
c="=

@ 08s

=8.54 mm

€,=0.003(:-5)= 0.003(2E

s 8.54

)=0.097 >0.005 ok

Design for negative moment M,, =-42.5 KN.m
Assume bar diameter @14
D=320-20-8-14/2=285mm

My _ 425410%
= = -=3.9
whid?  0.9+150285

M
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(1- 1232175 001

4210

1
p=

T1765

A,=pbd =0.01* 150* 285=436.3mm*>A in

_4366
AD18

N

Take 2018

Check for strain:

509420

———— =60 mm
0BG+28e150

C:% :% =70.4 mm

=t

): 0003(25 704

I:l
£ 70.4

€,=0.003(

)=0.0092>0.005 ok

Case 9

Design for positive moment M,, =21.7 KN.m

Assume bar diameter 014
D=320-20-8-14/2=285mm

M, 21.7+10%
= “;-3 = 5 =0.54
whi? 09«550285

N
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1 2:054+17
pe—(l 1- ) =0.0013
Ldbwd  14«120+285
Agpgy == =114mm? control

fr 420

0.25 febwd_ 0.25+/38e120:285
I 420

"'q'_'.'rrtr'r: = :107.701?1??12

A,=pbd =0.0013*550* 285=204m1m">A ;111

N=—2 —18

AD12

Take 2012

Check for strain:

226420
.B5«2R«550

=7.25mm

c=% =" -g 53 mm

f# 085

= 285=5.53

€,=0.003(=

—%)= 0.003(

)=.0.097>0.005 ok

Design for positive moment M,, =24.2 KN.m
Assume bar diameter @14
D=320-20-8-14/2=285mm

_ My _ 24.2e109
N™ohid? ~ 0.9+550.2852

=0.6

(1 1_2-[‘.!!1 17.65

T17.65

) =0.001447

Ldbpd  14+120+285

= _ =114 mm? control
fy 420

"'q'_'.'rrtr'r: =

0.25 fobyd_ 0.25+V28¢1204285
fy 420

"q'_\':rr:r'r: = :107.7]‘?11?'12

A= pbd =0.00123*550* 285=226.7mm?>A ,nix
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_2267 _
AD12

Take2012

Check for strain:

226420
.B5«2R«550

=7.25mm

_a _725 _
C—ﬂ T 8.5mm

=t

)= 0.003(—=

t 85

€,=0.003(

)=0.097>0.005 ok

Design for negative momentM,, =-57.6KN.m
Assume bar diameter 014
D=320-20-8-14/2=285mm

_ My _ 57.666+100
whd? 0.9+ 1502852

=5.25 MPa

M

(1_ 1 — 2-5.25-17.65) =0.0143

4210

1
p=

T1765

A= pbd =0.0143*150* 285=612mm“>A, ;n

612
Tapzo

N =1.95

Take 2020

Check for strain:

G2H«420
EG5«2H«150

=73.9mm

=t

)= 0.003(255 BT

t B7

€,=0.003(

)=0.0068>0.005 ok

Design for negative momentM,, =-31.2KN.m
Assume bar diameter @14
D=320-20-8-14/2=285mm
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_ My _ 312109
whd®  09«150285%

=2.85 MPa

M

(1 1= 2B 60072

4210

1
p=

T1765

A= pbd =0.0072* 150* 285=310mm“>A, n

_ 2310
Tapis
Take 2014
Check for strain:
08420 3623 mm
[L.B5=28« 150
Cc=2 =292 —42 63 mm
£ 0BS
€,=0.003(“=)= 0.003(* === )=0.017>0.005 ok
L AT Ty ™,
t; | +
fa’x “RQ\H \I\\\
! | \ \

s S\ i [ )
\ /
I" | /’f fﬂl
% b /
) .-"/f .HI.JI
B | m
; e = - ¥
-\""-\._\_H_\_ — - _H_'_,_.-ﬁ"

Case4
Design for positive moment M,, =27.3 KN.m

Assume bar diameter 014
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D=320-20-8-14/2=285mm

_ My _ 27.310°
N wbd? ~ p9«550:2852

=0.68

1 2e[1BBE517.65

P 1- 1- —an ) =0.00164
Laby i 14+120+285
Agppyy =28 = 2 =114 mm® control
: I5 420
025 febwd  0.25«/Z8«120285
"q'.w min — e & = - : :107.701711?12

fy 420

A= pbd =0.00164* 550* 285=258mim~>A, ,yin

N=—" =17
AR 14

Take 2014

Check for strain:

307.68«420

—— =9.9mm
0BG+28e550

il

c=; =% =11.65 mm

=t 2B5=11.65

€,=0.003(“=)= 0.003(**—** )=0.07>0.005 ok

Design for negative moment M,, = - 47.2 KN.m
Assume bar diameter @14

D=320-20-8-14/2=285mm

_ My _ #47.2+10°9 —43
N ohd? ~09+1500285%
2¢4.3+17.65
—(1 1- —) =0.0114
17.65

A= pbd =0.0114* 150* 285=487mm*>A, 1nn
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487
N—m =19
Take 2018
Check for strain:
508964420 _
O.B5e28s 150 =60 mm
i
C=2=""=70.6 mm
. nes
i TO.65
€,=0.003(—)= 0.003(*—= )=0.0091>0.005 ok
& : 15
A e
Irf” - . L
) "'\ \'-.
/ | \
! : Y
||I Bl =3 p Ill
\ T kT #* i
'-.x 3 f.-'
HI"- | - .-"r
\x 2 L ;
™, ot 5
| | 2
ok, - lvm m
. B "/
., . L
Cases

Design for positive moment M,, =27.3 KN.m
Assume bar diameter 014

D=320-20-8-14/2=285mm

My _  27.3+10°

N

1
P =7es (1-

r,r.lhri2

T 09+550.2852

=0.68

42

Z2e[1BB517.65

) =0.00164

il
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_l4byd _ 14+120+285

— 2
"q'.'f min Iy T =114 mm= control

_0.25 fibyd _ 025«VEHe120:285
"q'w min — - .
; fy 420

=107.70mm?*

A,= pbd =0.00164* 550* 285=258MmM*>A, yuin

N=—"— =17

AD14

Take 2014

Check for strain:

307.68«420

———— =90.9mm
0.B5+28+550

c=2="" =11.65mm

@ 08s

= 285=11.65

)= 0.003(————— )=0.07>0.005 ok

s 11.65

€,=0.003(

Design for positive moment M,, =31.2 KN.m
Assume bar diameter @14

D=320-20-8-14/2=285mm

_ My _ 31.2410°
N3 — -=0.78
whid?  0.9:550:285

2e17H+17.65

— l —

_labyd _ 14120285

= — 2
Aginin y o 114 mm?# control

025 Jebywd  0.25+/Z8:120+285
"q"f it — = z :107.701‘?11?’12
- fy 420

Ay= pbd =0.00189% 550* 285=296mm?>A, in
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N=—o" =1.9

AD14
Take 2014

Check for strain:

307.68«420

———— =90.9mm
0.B5+28+550

i

C=— =27 =11.65 mm

085

= 285=11.65

€,=0.003(=

—%)= 0.003(

)=0.07>0.005 ok

Design for negative moment M,, = - 67.1KN.m

Assume bar diameter 014
D=320-20-8-14/2=285mm

_ My _ 6T.1s10°
N™ohd? ~ 0.9+150+2852

=6.1

2e57.1+17.65
=—_(1- 1- 2t
17.65 420

)

=0.017

A= pbd =0.017*150* 285=731mm*>A, jn

N=—L =192

ARp22
Take 2018

Check for strain:

Ta0:420

——— =90 mm
0BG+28e150

il

C=— ——106 mm

085

28B5=106
16

=t

€,=0.003(“=)= 0.003(

)=0.0051>0.005 ok

44




Chapter 4 Structural Analysis &Design
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Figure (4-6): Structural rib plane.
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4.5 Desgin of Beam 0-18

Geomzlry =it etzr, o

1 Fi 3 i k B
1 2 3 & 5
4 A . A " 4 i A 4 A .
iy LI LT LI L il
A A A A A
U LS S | S SR S SN N NN
: 2% i 93 g 36 % o6 5 93
I | | | |
109,
7L
i,
h-A
Lozdong
lozd graugnz.
Cecd lozd - Service Inita:kN. mater
[ - ek T -
A I A P RN AT

A IR, A1

A s A | A BN . ; "
AN AN AN A AN

_i'_tiﬁy_lﬁ_'_w_ﬁﬁiivwﬁﬂu+ vnﬁl-yggg%#i:
|
I

43 T T
| |

Liveload - Sarvic Load faztors: 1.2,1.2011.60 0.00
T T T T T : T T T III T I'IJI T
T ,['“ 1 W gy T i g

Figure (4-7): Beam Geometry& loading
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Check single section or Doubly section

Mn,,=085=fcsbsas d—-
700-40-10-20/2=640mm
=3/7*d = 3/7* 640 = 274.3 mm

a= 0.85*274.3 = 233.14 mm

Mn,, = 0.85 = 28 = 233.14 = 600 * 640 —

@ =0.82

4

Figure (4-8): Envelop Moment & shear for Beam.

23314
2

=1742.62 KN .m
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® Mn,__, =0.82* 1742.62 = 1428.95KN .m >>Mu,_ = 1310 KN .m

% Singly section

= Check rectangular section or T-section

Mu,, = 1310 KN .m

Mn, =0.85 = fc = bf =tf+ d —

324

Mn, =0.85* 28*1000 * 320* 640 =3 =3655.7 KN..m

® Mn, =0.9* 3655.7= 3290KN .m >>Mu,

The section will be desgned as rectangular

4.5.1 Design for positive moment
M, =1248.8 KN.m

Assume bar diameter 816
D=700-40-10-16/2=642mm

_ My 12488100

N phd? 094100046422 =3.37
p=——(1- 1— =20 =0.00869
A= Labyd _ 14600642 1 po 2 ool
fy 420
A i _025 ;IT.'JLL. d _ n.z.q-\/if;:':nn-s-w _1213.96mm?
¥

As= pbd =0.00869* 1000* 642=5578.98 mMm*>A, smin

N:Fr.'-'.?!i."?ﬂ —11.37

AD25

Take 12025 in two layer
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E R

Figure (4-9): section in beam.

Check for strain:

5HE7 5420
(LE5«28« 1000

=103.9 mm

_a 1039

C=—= =122.2 mm

i nBs

©9= 0.003(212221=0,013 >0.005 ok

s 1222

€,=0.003(

e Check for bar placement:

_ 600=40+2=10+2=10+25
- g

S =28 mm

S=28mm =25mm
> d,==25mm

Design for positive moment M,, =786.3 KN.m
Assume bar diameter 16
D=700-40-10-16/2=642mm

_ My _ 7RA310°

N mbdZ 0910006422 =212
1 2e2.12+17.64
P 1- 1- —En ) =0.0053

Ladby o LG 542
j-'l s tin = = T
E Iy 420

=1284mm?* control
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_0.25 fibypd _ D25«VEIB600:642
"q'w min — - -
; fy 420

=1213.26mm?*

A= pbd =0.00569* 1000* 642=3399.32mm*>A, .11

N:EI.REI*'.I.FIE —6.93

AQ25

Take 7025

Check for strain:

343437420
(LBE5« 281000

=60.6mm

c=2 =22 71 3mm
£ 08S

G4 2=T1."

$1=0.024 >0.005 ok

=t

€,=0.003(=5)= 0.003

I 71.3

e Check for bar placement:

_ 600=40+Z=10+2="7«25
=1

S =54.17mm

S=5417mm =25mm
> d,==25mm

Design for positive moment M,, =916.9KN.m
Assume bar diameter 916

D=700-40-10-16/2=642mm

M, 916.9+10
= “;-3 = 3 =2.472
whi? 091000642
1 242.472417.64
p=—(1- 1- ——) =0.00623
17.64 420

A _labyd _ Lasnldsn42
gonin T -'r}' - 4720

=1284mm?* control

_0.25 fibypd _ D25«VEIB600:642
"'q'w min — - -
; fy 420

=1213.26mm*
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A= pbd =0.00623* 1000* 642=3999.66mm?>A. ,1.in

_3551.4
ADZ5S

N =8.15

Take 9925

Check for strain:

4415625420
(LES« 28« 1000

=77.9 mm

C:% =3 _91.67 mm

[L.BS

=t

): 0 003(ﬁ-1-2- 9167

s 9167

€,=0.003(

)=0.018>0.005 ok

e Check for bar placement:

_ G00-40s2-10+2-9+25
- g8

S =34.37 mm

S=3437 mm =25mm
> d,==25mm

4.5.2 Design for negative moment
M, =-1310 KN.m
Assume bar diameter @16

D=700-40-10-16/2=642mm

My 1310105
NTwbd? ~0.9+600:6422 =5.89
1 245.89+17.64
p=——(1 1- 22221 =0 0164
Ldbyd  L4e600s642
Agpin =———= = =1284mm? control

fy 420

025 febyd  025«/ZR«600:642
"q"f min = = .
: Iy 420

=1213.26mm?
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Ay= pbd =0.0164* 600* 642=6317.3mm?>A, i

_5974.36
ADZ5S

N =12.87

Take 13025

Check for strain:

G381.36«420
(ES«2H«500

=187.687mm

a _187.687

C== =220.88mm

#  0&S

=t G42=220.88

)= 0.003( 5 )=0.0572>0.005 ok

I 220.8

€,=0.003(

e Check for bar placement:

_ 1000-40+2=-B8+2-13+25
- 12

S =48.25mm

S=4825mm =25mm
>d,==25mm

Design for negative moment M,, =-1058.9K N.m
Assume bar diameter 16
D=700-40-10-16/2=642mm

_ My _ 1058.9+10°
Twhd? T 09«600-6422

=5.04

M

1 S N
P 1- 1 - ——) =0.0136

4210

_ldbyd _ L4eG00:6432

— 2z
Agimin = y ——— =1284mm? control

025 febyd  025«/ZR«600:642
"q"f min = = .
: Iy 420

=1213.26mm?
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A= pbd =0.0136*600* 642=5238.72mm?>A, .1

523872
ARZs

N= =10.68

Take 11025

Check for strain:

5396.87«420
(LEG«2H«G00

=158.73mm

14437
C=—=

#  08S

=186.75 mm

=t G42=18A75

—)= 0.003(

€,=0.003(= )=0.0073>0.005 ok

e Check for bar placement:

1000 =40sZ=1{sZ=11+25
S= =62.5 mm

10

S=62.5mm =25mm

> d,==25mm

4.5.3 Design of beam for shear:
=f 2 b, *d= ﬂ =600 =642 =339.71KN

Vi nin 15 the larger of:

Vy pin=—t % b, = d= ﬂ * 600 #=127.39KN

16

Vi min=3 * by, = d=2 = 600 = 642 =128.4KN control

A sd_ﬂsesoo 642 =679.43 KN

A e 2\/1a
H" ::Lu_r_z 3 * bw * d

* 600 = 642=1358.86 KN

@1, =254.78 KN
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V.
0 =127.34 KN

AV, + Vg i5)=0.75(339.71+128.4)=351.08 KN
@V, + 1.")=0.75(339.71+679.43)=764.355
Design for shear ¥,=712.4 KN

BV + Vpnin )I<V,=712.4 KN <@(V. + ")
caselV

Use stirrups 2U-shape (4 leg stirrups )@ 10 with A=314.2mm?

Av 314.26420:642
S=E=x # (d=—-———=138.85mm
Vs Tyt ﬂ 339.7

SmarlSthe smaler of:

§nay <0/2=642/2=321 mm

Smar = 600mm

Take 2U-shape (4 leg stirrups )@ 10 at s=120mm

Design for shear ¥,,=601.4 KN

Ejﬂ"i + I"J.rw :lm'ﬂ}<yrre:601-4 KN<E:J{U;_ + I‘{f:}
caselV

Use stirrups 2U-shape (4 leg stirrups )@ 10 with A=314.2=201.1 mm?*

W _314.2:420:642
S—E * fye *d=—mr———

=183.3 mm

3397
SmarlSthe smaler of:

S,y =0/2=642/2=321 mm
Ty = 600mMm

Take 2U-shape (4 leg stirrups )@ 10 at s=150mm
Design for shear V,,=431.3 KN

Ejﬂ'{ + Hﬁ' :lm'ri}<I"l:.::431'3 KN<Ej{H_ + I"{.F}
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caselV
Use stirrups 2U-shape (4 leg stirrups )@ 10 with A=314.2=201.1 mm®

_ 3142420642

s:“"F * fyu *d="g73 =360 mm

339.7 a
SmaelS the smaller of:

S =0/2=642/2=321 mm
Smar = 600mMm

Take 2U-shape (4 leg stirrups )@ 10 at s=300mm

4.6 Design of the column:

Design column A-1

Check for denderness :

ke My

<=34-12(2)<=40

r ﬁfg
My
Mz

}:1 —braced frame with M:lm'ri

Kby _kly _ 103322
ry  ry D306

=17.89<22

Short column for bending in both direction

Assume 0.01< p == <0.08 , p, =0.02, Ag=py* Ag=0.02*A,
X

Op, = p,=0*0.8 (0.85* f' *(A, — Ay)+Ay*f,), @ = 0.65 for tied column

22000 = 1000=0.65*0.8 {0.85*28* (Ag—0.02A4)+0.02A4* 420}
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A, =1333617.8 mm’

B=L=1154.8 mm

Select B =L =1200 mm

A,,=28800

Selecting Longitudinal Bar

Op, = p,=0*0.8 (0.85*f' *(A, — Ay)+Ay* f,)

22000 = 1000 =0.65*0.8 { 0.85*28* (Ag—A«)+ Ag*420}
22000 = 1000 =0.65*0.8 { 0.85* 28* (1440000—A«)+ As* 420}
A, =21342.2mm?

Taked4 ® 25

A,,=21587.5 >21342.2mm?

o =15%

Design of ties:

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

1- 48timesthetie diameter ,48 * d,=48* 10=480mm.
2- 16 timesthe longitudinal bar diameter ,16* d,,=16* 25=400 mm.
3- Theleast dimension of the column =1100 mm.

Useties @ 10 @250mm

Check for code requirements:

1-clear spacing between longitudinal bars:
Clear Space= 1200 .1“.21 II:IaE 12«25 =72.73 mm>40mm

And >1.5d,, = 1.5 *25=37.5 ok
2-gross reinforcement ratio:

_Ast _ 23568
T Ag 1210000

=0.017 <0.08 ok

<0.01 g,

3-Number of bars:48 > 4 —for square section. Ok
4-minimum the diameter :@ 10 for @25 bars. ok
5-gpacing of ties :s=250 mm. ok

6-arrangement of ties :56.25<150 mm. ok
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1.20

Fd
T
i e
2

- o )
[
5
3 1.20
A
1
:lﬂ 4] ’Jﬂ a0
2010225
D@25 L=468cm . 4 q@es
L=3Y%cm L=31dcm 2810825
112 |_=-]QSCIT'|
T4 10 5
J\ﬂ 1‘-]—" J“j_“ 5
112 112 112 112 112 112
= 112 T 5.13

Figure (4-10): Column Detail.
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4.7 Design of foundation -1:

Service dead load =12200 KN

Service live l0ad=4930 KN
Permissible(allowable) soil pressure=400 KN/m*
Soil density= 18 KN/m?

f'.=28Mpa fy, = 420Mpa

Total surcharge load on foundation
w=(0.5*18)+(25* 1.50)+5=51.5 KN

Net soil pressure,q,,.;

(e =400-51.5=348.5 KN/m?

Required size of footing

_ Pn _1Z2Z200+4930_ )
A= T ams  0-1om
A=I?,

Take L=7m

*depth of footing and shear design:
P, =1.2*12200+1.6*4930=22528 KN

G, =22 =459.75 KN/m?

767
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One way shear(beam shear):

700

isn .S (MY

I, at distance d from the face of support
V=g, (L/2-al2-d)=459.75* 7* (7/2-1.2/2-d)

Let ¥, =0*¥. ,8=0.75

f ¢’

VZH

— = b, *d=""+7000 * d

[.-‘;_:

4507547 V28

—((7/2) - 1.2/2- d)="=" £ 7000 * d

d=1.20m
h=1200+75+20=1295 mm
take h=1300 mm

d=1300-75-20=1205 mm

tow way shear:
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700

L]
di2
—
Z50

LetV, =0*V. , 0 =0.75

V, =459.75(7* 7-(1.2+d)(1.2+d))

=459.75(7* 7-(1.2+1.205)(1.2+1.205))=19868.54 KN
B, =1200/1200=1

by =2(1.2+1.205)+2(1.2+1.205)=9.62 m

ct, =40 —interior column

V=2 T +d(1+2/B) where (1+2/B)/6 =(1+2/1) /6=05

V=2« F7 xd(2+a, = dlby) where (2+a = dibg)/12=

(2+40 = 1.205/9.62)/12 = 0.5842
V. =’f—f + f7 " =d where1/3=0.333 control

_9620
3

#/28 = 1205 = 10~* =20446.5 KN

Takel, =2+ f7_ +d

@ =V, =0.75*20446.5=15334.9 KN < ¥,, =19868.54 KN NOT OK.

Try H=1600 mm
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D= 1500- 75 -20 = 1505 mm

V, =459.75(7* 7-(1.2+d)(1.2+d))

=459.75(7* 7-(1.2+1.505)(1.2+1.505))=19163.7 KN
B, =1200/1200=1

by =2(1.2+1.505)+2(1.2+1.505)=10.82 m

it, =40 —interior column

|'J|_-|

V=== f7~=d(1+2/B) where (1+2/B)/6 =(1+2/1)/6=0.5

V="0s FTT s d(2+a, = dlby) where (2+a; = dfby)/12=

Tz
(2+40 = 1.505/10.82)/12= 0.63
V. :’f—f + f7 " =d where1/3=0.333 control

10820
T3

%+/28 #1505 = 10~ =28722.45 KN

Takel, === f7 +d

@ = V. =0.75*28722.45=21541.84 KN > ¥, =19163.7 KN OK.

Design for flexure:

Take steel bar @ =25

B=7m , h=1600 mm ,d=1500 mm
f'. =28Mpa,f,=420 Mpa

M, =459.75* 7+ 2.90* 2.90/2=13532.74 KN.m

M, 13532.74+100
N ”E = 5 =0.955
N whd? 094700041500
1 Ze0.955+17.64
p=——(1- 1—- ——— ) =0.00232 mm?
17.64 420

A;=p=b=d =000232 = 7000 = 1500 = 24360 mm*

Aq min =0.0018* b* h=0.0018* 7000* 1500=18900 mm?
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"q'.'f >Jq'.'~.' milr
N =49.65

FOM)=752=50s25

S= =233.33 mm
24

Step (s) isthe smallest of:
1-3*h=3*1600=4800 mm
2-450mm  control

S=233.33<5 .,

Check of strain:
As*fy=085* f_*b* a

24531.25* 420 = 0.85* 28* 7000* a
a=61.85mm
c=2_818 4 75mm
b, 085
o _ 1500-72.75
s 72.75
e, =0.0588> 0.005

X0.003

= OK

Development Length of main Reinfor cement :

9 K apaly
I{iru.:,l =——%——* _J-:——_ + dh
10 _ Lr+ch
A "Ir" ih
Ktr =0 Nuostripes ch =75+ 25 =100 cm
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ktr +cb 0+ 100

db 25~ 47325

ltr + ch =

dh 2.5

9 420 1+1+1
10 1.v28 25

ldreg = # 25 = 714.35 mm

Ld available — 2900-75= 2825 mm

Ld aqailane= 2825 mm > Idl.-ﬂ', = 714.35 mm

Design of dowels:

Pu= 22000 KN

f.Pn=f.(0.85fc'AQ)
f .Pn=0.65*[0.85* 28* (1200* 1200)]/1000 = 22276.8KN
But Pu=22000<f .Pn=22276.8KN

Dowels are not required for load transfer.

But use the minimum reinforcement of dowels:

As.. =0.005* Ag = 0.005* 120* 120 = 72cn’
Usethecolumn barsasadowels
Sdlect 16025

ASy iges = 78.5> A = 7207

0.24fy , _0.24*420

o T s

LdCzyeq = 0.043 xfy x db = 0.043 x 420 x 25= 451.5 mm

Ldcyreq = 451.5mm < Ldc(1yreq=476.23mm => control

Ls=0.071xfy xdb = 0.071x420 x25 = 745.5 mm >476.23mm

Ls=750 mm
Available Ldc =1600—- 75— 2* 25= 1475 mm.
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Available Ldc = 1475mm > Ldc = 476.23cm

Ls=0.071xfy xdb =0.071x420 x25 = 745.5 mm >476.23mm
Ls=750 mm

Using hook (a)
a= 12* 25+0.5(6+25)+25 = 400 mm
Required length of hook = 400 mm

| solated Footing Detail:

= nTr“
: -
20
i o
J% § %_'anrm s oo o
[
Lo =LA BT e wldrs
1 s
u_u{ 2 tl."!_ﬂ 2 ; 128 .- =B
m;aul..-ru o P rom
5 sk . =
v 20 am s Saction a—qa
th} T u_\%
T

Figure (4-11): Isolated Footing Detail.
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4.8 Design of Basement Wall :

I ) F. 3 3 r ¥ ¥
S ; 5 [
Y L
—t—1 = l
il - !
| il |
dFn - - |
B . =1
— L e |
I_‘_-_|I_'|-_‘.._J — - |
rHIC, Py

Figure (4-12) : Basement Wall geometry
= Loading:

e DuetoRest soil pressure:
P,=gxhxC,

Assume that :

Oe =18 Kn/m’

g=3%

Co=1-sin35=0.4264

P, =18x 4.5x 0.4264 = 34.54KN/m?

e Duetosurcharge:
Ps=PxCo

Ps=10x0.4264 = 4.264 KN/m?

e Normal Load :
Isvery small , it will be neglected ( safe side) .
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Ho= 0.5( P,*H)= 0.5(34.54* 4.5)=77.72 kN
Hs= (Ps*H)= (4.264*4.5)=19.2 kN

Mumenl!Shear LCnvelups (Fachoad) Upils kN mele
Moments: spans 1to 1

203 EEG 24T
Morment!Shear Envelocps {Tachred) Unitz:kM mster
Shear
=56.8
204 e
=T |
I i -1 1
PEZ
Reactions
DasdR op.24 EB.7TD
LivaR 0. 0.
MaxR  GE4 B6.75
MinR 8B4 B.79
Figure (4-13): Loads & Shear/Moment envelope for basement wall.
Thickness Calculation :

Assume p =0.01
Mn =88.6/0.9 =98.44 kN.m

M Fy 420
0.85fc' 0.85x28
R, =1 x fyx(1-0.5mr ) = 0.01x420x (1-0.5x17.65x 0.01) = 3.83Mpa

6
R =0 g = |22 _ 160 30mm
bd 1000x3.83

h=134+20+7 =161 mm

17.65
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select h=200mm

d =200-75-16/2=117 mm
Mn  98.44x10°

= = =7.2Mpa
b*d? 1000x117° P
' :i(l— 1- 2mRn)
m fy
r =L(1_\/1_ 2x17.65x7.2) _ () 11005
17.65 420

As,, = 0.021025 x1000 x 117 = 2460 mm?/m
As,. = 0.0012*1000* 200 = 240mm? /m

As. = E(bw)(d )> %(bw)(d) .................... (ACI -10.5.2)

Smin 4( fy)
As. = %(1000)(117) =368.5

Asmin= f:_;. +1000 =117 = 390 mm%/m
As,;, < As,, = 2460mm’/m

#of bar in on meter = @ =7.83
314

Select ®20@12.5cm c/c

Longitudinal Reinforcement:-
Use aminimum stedl ratio of 0.002 , As = 0.002* 1000* 200 =400mm?/m

Use @ 12 bar spaced at 250 mm on both side of the wall .
Vertical Reinforcement for the other face of the Basement wall
As=0.0012* 1000* 200 =240 mm?/m

Select ® 12 @250 mm
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=012 S L =4
| =

?lEEES

@z0elsS L=155

FED g o

3
3
+ |
fa sl I
L= |

- Ly =
= —_— - (] e
3 il S A Wit e ] - JadL

Dowels

Figure (4-14): Details for Basement Wall.

SECTION ¢c-c¢
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4.9 Design of Stair

Minimum slab thickness for deflection is (for asimply supported one-way solid
sab).

Min h =(L/20)= 5/20=0.25m=25cm

Take h =250 mm.
= z TEE *Mg
Ar—1.33— J_E.;I:I 1.9F £¥ 0.20
- 0.20 ki e
o 3.35 g
.
g W
2 ]
-
: NI = el
T T T I T T T VST CHEAIoTe Ay

Figure (4-15): Stairs plan.
L oad Deter mination:

Flight dead load computation :

a= tan(rise/run) = tan™(150/300)=26.56
concrete = (25*%0.25*%1)/c0s26.56 = 6.99 KN/m

plaster = (22*0.03*1)/c0s26.56 = 0.738 KN/m
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stair steps = (25/0.3)*((0.15*0.3)/2)= 1.875 KN/m

morter = 22%((0.15+0.3)/0.3)*0.02*1=0.66 KN/m

tiles = 27*((0.15+0.35)/0.3)*0.03*1 = 1.35 KN/m

Total Dead Load =11.623 KN/m

Landing Dead load computation:

Concrete = (25*%0.25*1) = 6.25 KN/m
Plastering = (0.03*22*1) = 0.66 KN/m?
Morter = 0.02*22*1 = 0.44 KN/m
Tiles = 0.03*22*1 = 0.66 KN/m

Total Dead Load = 8.01KN/m

Factored Total Dead Load =1.2*D +1.6L

Live load = 5 KN/m?.
For flight: w=1.2¥11.623 + 1.6 *5=21.95 KN/m
Forlanding: w=1.2*8.01+ 1.6 *5*1 =17.61KN/m
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21 935KNm
8.EIKI/m H J J{H J(I E.81EN/m
)
f;’ff ?512 EN 1.1.38
f‘\—’f
25.51:1; 15% " e . 2,12 i

Figure (4-16): Loads on stairs.

Cheak for shear strength :

Assume bar diameter ®14 for main reinforcement
d=h -20-db/2=250-20-14/2=223mm

take the maximum shear as the support reaction VU=75.12kN

Ve == %* fc'*b*d = %* 24* 223*1000* 10" -3=182.1kn

f =0.75

f *Vc=0.75*182.1=136.56kn

f Vc=136.56 >>Vu=75.12KN

The thickness of the slab is enough.

Calculate the maximum bending moment and steel reinforcement :
Mu(+)=44KN.m

Mn = Mu/0.9 =44/0.9 =48.9kN.m

Mn  48.9%10"6
R, = - = > =0.98
b-d? 1000 * 223

m = fy =_40 =1765
0.85 * fc' 0.85* 28
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-1 2mRn
=~ (1- _
p m( 1 fy )
o=_L1 (- \/1_ 2(17.65)(0.98)): 0.00238
17.65 420

A'S 1 =rbd = 0.00238* 1000* 223 =535mm?/m

A s min = 0.0018* 1000* 250=450mm?
Used 16
N= Ag/As 01,=535/131=5
S=1/5=0.2m
Take S=20cm

Steps (s) isthe smallest of

1. 3h=3*250=750mm

..Control

2. 450mm
3.
A i
Pt 11 B3 2T
. oz —FH84| - :l - A JHU‘ 2 2.5 0 — 230 mim Erust
fod = 400
=] %
' L
* 280, 200
& o A } :-:lf'tf'( i 0 FREEL ool
L \% A20
5 =2500mn < Spg. = 300 — 0K

Use5® 12/m, or ® 12@200mm

Mn (-) = Mu/0.9 = 48.4/0.9 =53.8 KN.m

* N
R, - an _ 53.8* 10 Ei ~1.082
b-d 1000 * 223
m = fy =_40 =1765
0.85 * fc' 0.85* 28
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- 1. |;_2mRn
p m( 1 fy)

o= _L (1- \/1_ 2(17.65)(1.082)):0_00264
17.65 420

A'S 1 =rbd = 0.00197* 1000* 223 = 588.2 mm*/m

A's min = 0.0018*1000* 250=450mm* <A'S g

Used 14
N= As/Asq; 14=588215386=382
S=1/3.82=0.26 m

Steps (s) isthe smallest of

1. 3h=3*250=750mm

2. 450mm
3.
' i
Pt T g b 200
3. = — 384 - } L 33‘.1{ 2.5 20 — 330 Trurt
LT R 2
£ 420
o .IR
s i
. F280 200
& = A0 :|- :-:l]tf'( = 0 rrrE rontrnl
3 _rl. 4 \_I'— A20
o] !
5 =250 W S g, = 300 —GOK

Use4d 14/m ,or @ 14@250mm

Shrinkage and temperature reinfoecment:
As =0.0018*1000* 250 = 450mm? /m

Number of bar's=450/113.04=3.98
Spacing=1/3.98=0.25m

Check for spacing

S=5h=5*250=1250 mm
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S=450mm ..control

Use @12@250mm

Design of dab S2 (landing):

) 3.55 )
17615
EE1EN/m | |  ssmm
17.4 KN 17.4 KN
2 1.425 ,,0;5,, 1.425 0

Cheak for shear strength :

Figure (4-17): Loads on
landing

Assume bar diameter ®14 for main reinforcement

d=h -20-db/2=250-20-14/2=223mm

take the maximum shear as the support reaction VU=17.4kN

Vec== %* fc'*b*d= %* 24* 209*1000* 10" -3 =170.65kn

f =0.75
f *Vc=0.75*170.65=128kN
f Vc=128>>Vu=17.4KN

The thickness of the slab is enough.

Calculate the maximum bending moment at midspan and steel reinforcement :

Mu(+) =18* (3.64/2) — 8.81* 1.57((1.57+.5)/2) — 17.61 * (0.5/2)* (0.5/4) = 24KN.m
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Mn = Mu/0.9 = 24/0.9 =26.7
d = 250-20-14-14/2 = 209 mm
Mn  26.7*1076

R, = = = 0.61
b.d? 1000 * 209 2

m = fy =_40 =1765
0.85 * fc' 0.85* 28

1 2mRn

p==—(01- 1-=7)
m fy

o=_L1 (- \/1_ 2(17.65)(0.61) ) = 0.00147
420

A'S 1 =rbd = 0.001472* 1000*209= 307mm?/m
A s min = 0.0018* 1000* 250=450mm?
Use AS min = 450 mm?.

Steps (s) isthe smallest of

1. 3h=3*250=750mm

2. h=450
¢ A
2R, 20an
. & — Z84| - :l T JHL"{ 2.5 Z0 — 330 e Erinl
ot d = 420
= Fd
= ¢
. . F 280N 200
o A :|- :-ilfltflt = OO PRl ronrrel
LR o \= 920
=
s =2500mn T Ng. = 3000 — R

Use4 ® 12 or @ 12@250mm

temperature and Shrinkage reinfoecment:

As = 0.0018*1000* 250 = 450mm? /m
Number of bar's=450/113.04=3.98

Spacing=1/3.98=0.25m

Check for spacing
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S=5h=5*250=1250 mm
S=450mm ..control

Use ®12@250mm

7
1.4% 5.8 p £ a1

= 2
e |5
gjﬁj‘!ﬁ*f 1 = L300
2 R 0'@' T L—7pp
1327 N pragman 1=z20
q'!.fj’f
i T L—180
7 4 4 P 15
e | 5 =200 8-2 'I,I:"CI-’I . .f"/l-
@ 1o b
N ﬁgﬁf\‘\ .
T
1 26226 Lm 185 B 24 200 LT AD
ﬁ‘; T I 15090 By
‘J'i -
g

| 168 L=170 "
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Figure (4-18): Stair Section.
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3. Building Code Requirements for Structural Concrete )AC|I 318M-

05 (and Commentary, USA,.

4. Uniform Building Code ( UBC).




APPENDIX (A)

ARCHITECTURAL DRAWINGS

This appendix is an attachment with this project




APPENDIX (S)

STRUCTURAL DRAWINGS

This appendix is an attachment with this project
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TABLE 9.5(a)—MINIMUM THICKNESS OF
NONPRESTRESSED BEAMS OR ONE-WAY SLABS
UNLESS DEFLECTIONS ARE CALCULATED

Minimum thickness, h

Simply Oneend | Both ends
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
ONE-WAY SLABS UNLESS DEFLECTIONS ARE CALCULATED
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