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Structural design of alshefaa Hospital
in halhul

Waork team:
Ivad Taradi Hakeom alharithi Mohammad Adi

Palestine Polytechnic University -2014

Supervisor
Dr, Maher Amro

Abstract

The idea of this project is the structural design of alshefaa Hospital in halhul. which
mncludes three departments: Surgery, Internal Medicine, and Women and obsteirics. The
project will inelude the construction design with all details necessary for the building which
consists of five stories |

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

The project - God willing - will be designed nsing ACI code and we will use some of
programs of siructural design such as Autocad2010, Office2007, Safe. Etabs, Atir...cte. And
we will use the ACT code to determine the Toads, 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
structural design of the clements required and the preparation of construction plans.
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Chapter Four

Structural Analysis & Design

4-| Introduction.

4-2 Determmation of Slab Thickness.
4-3 Determmation of Factored Load of ribs
4-4 Design of topping.

4-5 Design of Rib (2_32).

4-6 Designof Beam (| _ 71 ).

4-7 Design of column (C 121) .
4-5 Design of star .

4-0 Design of isolated footing .
4-10 Design of basement wall .

4-1 1 Design of shear wall (1)

4-12 Design of stnp footing

4-13 Design of ene way solid slab




The projeet consists of several structural elements that will be designed accords
to the ACI code and by using the finite element method using much of compess
software such as "ATIR" to find the internal forces, deflections, Shear

moments for structural element in order to design them.

Expansion  joimt Evporision  Jolb
\, =N -
1 “".;' !'"-'-,‘ g
== — E — — - §__- .. = - -
= == il A== = A e =
2 = =nm|==""E= = LTI
==l = = T JI |
=[N == =l —=|=i= TR R A
N = -
Tm— = slab 3
>
slab 2
g‘m;md"ti“ﬁnrm:t

Figure (4-1): Ground Floor Slab,

al







| 929
hmm.[for both—end continusus) = m - m =25 cm

| 440 :
hmIJL[jm' simply supported) = l_ﬁ'ﬁ = 16.0 =27.5¢cm

The controller slab thickness is 27.5¢m.

So Select Slab thickness h = 25 cm with block 17 cm & Topping 8 cm.

= Materigls of Properties:
- Compressive strength of concrete [, = 24MPa.

—+ Yield strength of steel f, = 420MPa.

4.3 Determination of Loads of Rib 2_32(Pos.{Ribbed Slab at second Floor




From the Geometry of T-Section:

bysy = 520 mm b, = 120 mm h; = B0 mm h=170mm

(ﬂ)bﬁrr = bw + lﬁhf - 12“"‘ 16‘3“ e 14’0“ mn

(b) by < center to center spacing between adjacent beams = 400+ 120 =52

L 4770
(f)be”' = E = T = 1192.2mm

4.3.1 Determination of Dead load for Rib 30:-

Type y-bh

Tiles . 0.03-0.52-23 0.358

Mortar 0.03:052 22 0.343

. 0.07-0.52-17

Sand

Topping 0.08 0.52 25 1.04

Hollow block 0.4-0.17-10




Plastey 0.03:0.52.22

R.C rib | 0,12-0.17-25

Interior Partitions 2.3 0.52

4.3.1 Determination of live lnoad:-
Nominal Total live load = 5.0 0.52 = 2.6 KN/mof Rib
4.3.2 Determination of factored dead & live load:

Factored dead load = 1.2 Dead load = 1.2-5.09 = 6. 10B KN/m.

"N
Factored Liveload = 1.6 Liveload = 1.6-2.6 = 4, 1EF.

Determination of dead load of topping

b Type y b-h KN/m

Tiles 0.03-23 0.69
Mortar 0,03:22 ' 0.66
Sand 0.07-17 1.19
Topping 0.08-25 2
Interior Partitions 2.3




Live Load = 5KN/m.

g, =1.2DL + 1.6LL

Gy =1.2:6.84+1.6°5=16.21 KN.m (Total Factored Load)

gl 1621:0.42

M, = TR 12 = 0.216 KN.m/m of strip width

M,=0.42 |f. S,
y

_bh* 100-(80%)
6 6

= 1066666.67 mm*

M, =0.42-+24 1 1066666.67 = 2. ZKN.m

O-M,=05522=12KN.m — @ =0.55 - for plain concrete.

O M,=12KNm >>M,=0.216 KN.m .....0K

No structural reinforcement Is needed. Therefore, shrinkage and temperature

reinforcement must be provided.

= For the shrinkage and temperature reinforcement:

p=0.0018

As=pbh=0.0018-1000- 80 = 144 mm?>

_Asreq 144
" Agpar 50.27

= 2.86 bars = 3 bars

1000
= = 333.33 mm

1. §5=5h=5-80 = 400 mm

2. 5§ =450 mm




280
3. 5=300- (—
Is

Use the distance § = 200mm < S, = 300 mm OK
Use @8 @ 20 em e in both directions.

Desion

280
)—z.s-c,i :300-(2 un)—Z.E-Z{lzzsﬂmm

3

§ <300(%) = 3nn-(ﬁﬂ) = 300 mm

Is

§4ﬂﬂ

of Rib 2

Tigure (4-2) Rib 2 3 geometry




e ——
_Dead load -
|
508 l 500 664
] ! 4 »
T T w47
Liveload - Load facrers: 1.20.1.20/1.60,0.80
i T I )
| 250 | 5 e
i L ¥ I i 9 i E E =
i 43 : 43 A4T
1

loading of Rib2 32

Tigure (4-3}

234

wr S\ 12 A38 1\ a2
e /R
—— e S et o
et e ! i| T~ e
- - arh - _
B o |_P| \-“‘-t.____,..-"'.- o S : _.6:.
~ - S
o e 148 =

Figure (4-5) : Shear Envelop of rib 2 32
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4.5.1.1 Design of Positive Moment of Rib 2 32:-

Assume bars diameter of 16 mm

d, 16
d = h - cover — dyrups — 7 - 250 —-20—-10- = 212 mm

=Checkif a> hy

) =0.85:24-520-80 (211 —EJ % 107°% = 146 KN.

_ ! I
M, = 0.85f. bh;(d-% 2

=090 - for flexure

P M, =09 146 =131.4KN.m
@M, =131.4KN.m>M, =22 .1 KN.m
s The seefion will be designed av Rectanguiar section with b= 520 mm.

Y Maximum Positive MomentsM, = +22 1 KN.m—>Span -1 -

M, 22.1

Mu=3 =09

M, 24.55x10°

| Rn =57 = 520 (2129
a0 420

0.85f, 0.85-24

_ . '1 ZmR, | 1 i 4 2:20.6+1.05 = 00028
P 4 fy | 20.6 420 =

A;=pbd=00026-520-212 = 283.087mm*

=24 55 KN.m

=1.05 MPa

=20.6

m




0.25V24

Asmen = —go— 120 212 = 74.18 mm*

1.4
A = T 120-212 =84.8mm?..... ... .. Control

Asyeg 283.087
gof bars =— = = pl
i Acnar 153.861 1.84 bars =~ 2 bars

— Note: As;fi14 = 153.861 mm?

= Chick for Strain :

Tension = Compression
Asfy  307.72-420

S=0857 b 08552024  oromm
e S e = 14.33 mm
B, 0.85
212 —-14.33

& = 0.003 (?} = “'“03( 14.33

= +11.6 KN.m =2 Span

2 Positive Moment M,

Assume bars diameter of 12 mm

d 12
d = n—couer—aﬂmpsh—;z 250 20— 10~ —

Asreq = ZB3. 087 mm?* > A pin = 84.8 mm? oK

Aj_prn'p = 3“?. ?z mmz

)= 0.041 > 0005 OK

i

=l

214 mm




L i =12.89 KN
R, e L
_ M, 12.89-10°
" bd? 520 (214%)
Iy 420
m= —i=
0.85f; 0.85-24

2mR 1 2:20.6-0.54
= 1—J1~ ):n.un13

= 0.54 MPa

'E'I'l

= 20.6

- 20.6 420
As=pbd=0.0013:520'214 = 145,03 mm?
o Chick for Agmm:
Asmin =

_ 0.25v23

Asmin = —=o— 120214 = 74.88 mm?*

1.4 ,
Ao = o 120 -214 = 85.6 mm* ... ... ..... Control

‘q.'S.rl:q = 163.3 mm? > Asmm = 85.6 mm?= 0K .

Agreq 145.03

Acpm T = 1.85 bars = 1 bars

#of bars =

— Note: 4;010 = 78.5 mm? As oy = 157 mm?

Chick for Strain :

Tension = Compression

Asfy 157420

=085/ b 085-520-24 OZimm

a




d—c¢ 214 - 7.31
£, = 0.003 (T] =0.003 (T

) — 0.085 > 0.005

= +18.1 KN.m 2 Spuan — .

3 Positive Mament M,

Assume bars diameter of 12 mm

dp 12
—=250-20-— 10—T= 214 mm

d = h —cover — dyryys — >

M, 181

. M, 20.11-10° S
— = ae — 1 a2
" bd* 520-(214%)
420
m Ty =20.6

“0.85f, 0.85 24

1 [ 2mR,)| 1 | 2.20.6:084)
p=E(I"J1* f, )_Zﬂ.ﬁ R T )'“‘““2“5

A¢ = pbd = 000205520214 = 228 124 mm>

e Chick for As pm:

0.2524
M= TMC 120214 = 74.88 mm®

1.4

o wm ————1 20 — : y'... v e COntrol
Asmin = g3p 120 214 = 85.6 mm



Aireq = 228' 124 mmz = "qs.ﬂ‘ll'ﬂ. = BS- ﬁ 'ITI.T]‘IZ DK

Asreq 228.124
Aspar  113.04

#of bars = = 2.01 bars = 2 bars

—+ Note: Ag¥12 = 113.04 mm?> Ag prow = 227mm’

« Chick for Strain :
Tension = Compression
= Asfy z 227420
0.85f:b 0.85-520-24
a 894

E:E=m=1ﬂ,5?mm

=898 mm

214 - 10.57
10.57

C
£, = 0.003 (T] = un3(

)= 0.057 > 0005 OK

4.5.1.2 Design of Megative moment of rib 30:
1) Maximum Negative MomentM, — 17.2KN.m — atsupport — 2 -

Assume bars diameter of 14 mm

d, 14
d=Hh- cover—d!,m.,,m—?= 250 — 20 — 1[}—?= 213 mm

M, 17.2

-—m'=ﬁ* =19 11 KN.m

2l M, 19.11x10°
“T bhd? 120-(213%)
I 420

m=08s5f. 08523 206

=3.51 MPa




p= 1- |1

5! ' 2mR\_ 1 [ _2:20.6:3.51) oo
m \ [y 20.6 \ 420

A =pbd=0.0092-120-213 = 236.06 mm?

» Chick fﬂ]" A.E‘.ml.n-'

: ‘ 1.4
—ﬂ—ﬂ'hwdz ——b,d

fy

0.2524 2
= 120-213 = 74.53 mm
420

S min

1.4 ;
Agpiin = 420 120-213 = 85.2 mm* ... ... ... ... Control

A5 eq = 236.06 mm?* > Agpyy = 85.2 mm’ oK

= = 1.53 bars = 2 bars
Aspe  153.86 -

# of bars =

> Note: As014 = 153.94 mm*As r0r = 307,88 mm?

e« Chick for Strain :

Tension = Compression

Agf,  307.88-4Z0

= - — 52,82 mm
O=085/ b 085 12024 °

7 =085 = 6Z. 14 mm
1 .

u _62.14
~ 0.003 (%) = 0.003 (31352 - ) = 0,012 > 0,005 OK

— at support — 3

2) Negutive MomentM, = —12Z. 9 KN.m

Assume bars diameter of 12 mm




d 12
d = h- cover — dypyryps — — = 250 — 20— 10 — — = 214 mm

2 2
M, 12.9
H“'_F_ﬁ =14.33 KN.m
g Mn 1233x10° .
"Tbd® 120-(214%)
|
£y 420
‘ m=o8ss. 08524 208
| |
1 ZmR, 1 2:20.6 2.24
| p—m(l . |=208 1 Ji o = 0.0056

As=pbd=0.0056 120-214 = 145.44 mm*

o Chick for Asmin:

=—b,d
Smin f}r w r’y L. 3
| 0.25 24 )

Asnin = '—4"2-0'— 120214 =74. 88 mm
1.4

Agmin =—— 120-214 =85.6 mm=* ... ..........Control
420

Agreq = 145.44 mm® > A,y = 85.6 mm? oK

As... 145.44
4 of bars = ——1 = = 1.28 bars = 2 bars

| Aspar 113.1

- Note: As012 = 113 1 mm* A5 000 = 226. 1 mm*

-—

» Chick for Strain :

Tension = Compression




Airy _ 226.1" 420

C=085f.b o EE T T T M
r:=—u—: i = 45,66 mm
B, 0.85
214 — 45.66

£, = 0.003 (d-;—c) ~ 0,003 ( ) ~0.011>0005 OK

45,66

4.52 Design Of Shear OTRib 2 32

= Vygmax = 228 KN.m - al distance (d) of support —2 —

Assume bars diameter of 14 mm

dy 14
d:h—cower—dm,mm.——z-= ZSﬂ—ZD—iﬂ—E—:213mm

f . 1
Ve=(11)x EA,/E::,,,::!: 1,1><E-1-~JEE-IED-2‘13!1[I‘3 = 22.96 KN

@=0.75 - forshear
@ Ve=0.75 22.96=17.22 KN.m

ﬂ' 1"'lr'll < 1"Irnr‘l.ﬂ'm:f.

1722 KN < 24.8 KN ...... NOTOK

OVymin = - bwd = 075 120 213 = 6.4 KN ....... control

0 0.75
WWsmin = 1¢ V[ Dwll = -,I—E-m.12n.213 = 5.B7KN

ﬂ' (‘FE L Fxmin) < Vur.[.m{u

17.22 + 6.4 <248 .....NOT OK

75
pv! = % F. bd= 23—1."2'1.120.213=31.3 KN




B Wot Vinn )< Viguas < OV + 0V OK

v 24.8
Ve = Fﬂh Ve = S 22.96 = 10.1 KN

i T
A= 2.7 d* =2, 8% = 100,52 mm?®

1
_Aufyd _ 10052+4205213 o0 A
i —— V. == 10100 = ; mm = et
213
HSES—E = —2—'— 106.5 mm




Determination of Dead load of beam:-

Type | <hh
Reinforcement Concrete 0.25+0.7= 25

| Plaster 0.7+ 0.03 22

Suppart reaction of rib 40 on beam 3

Dead and Live load From Ribs (Service):

Dead R = % = 16.38 KN/m

! 5.33
Live R = 052 10.25 KN/m




Determination of Factored Dead & Live Load:-

Figure (4-7) : Beam 1_71 Geometry

Dead load - Service

||

|
[
)

Lréd foad - Service Load faclors: 1,201 2001 .50 0,08

JE =Ty iE i ]
2 ,_,‘_'Fﬂ—i.& -b:f\__cu..'-::_p oaa b
3 "'L Palasting Palvicchnic University

i L TR

1




4.6.1 Design of flexure:-

Assume bars of 920 mm

b =70cm h=25cm

dy 20
d=h-cﬂver-d,mmpj———2—225ﬂ - 40 — lﬂ—?: 187.5 mm

i) Positive Moment :

1. Check Singly or Doubly Section:

3 3
E—Ed —-E::c 187.5=80.36 mm

a=p8,c=085:-8036 =68.3mm

Momax = 0.85 f2b a(d - g)

68.3
M, .. =085-24-70068.3 (137_5 2 T) x 10-* = 149,57 KN.m

— Use® =0.82
DMy mny = 0.B2-149.57 = 122. 64 KN.m
@M,y =122 64 KN.m > M, =79.9KN.m

51




- Design the section as singly reinforced concrete section.

b)Negative Momeinit:

3 3
E—Ed—E -187.5=80.36 mm

a=f,¢=0.B5-80.36 = 68.3mm

M, max = D-HEFEbwﬂ(d_%)

: 68.3
M, e = 0.85- 24700 68.3 (197. 5 _"z_) % 10-5 = 149,57 KN.m

- Use® =082
@ Mymar = 0.82-149.57 = 122.64 KN.m
M, e = 122.64 KN m > M, = 96.8 KN.m
— Design the section as singly reinforced concrete section.
4.6.1.1 Design OF Negative Moment:-
Assume barsof 020 mm

b=70cm h=25cm

d,, 20
d -- h — COVET — d.‘i”r‘rllp.s —7 - 25[}_ "1'“- 10 _T: 19{] mm

= The Maximum Negative Moment M,, = —96.8 KN.m

96.8
(0.9

= 107.56 KN.m

20
=4ﬂ'+1ﬂ+?: 60 mm

\ O bar
d = cover + Q@stirp + >



M, 96.8
M, = 3 - 009 =107.56 KN.m

_ M, 107.56 x10°
T bd? 700-(190%)
Iy 420

T 0.85f, 0.85:24

_i 41— I_ZH‘IR“ = 1 - 1_2'20.5'4.25 — 0.0115
P=m f, | 206 420 =t

Ac=pbd=10.0115-700-190 = 1526.23 mm*

R, = 4 25 MPa

=20.6

s Chick for Asmm’

0.25./F: 1.4
Agin = ——X"Lph, d= —b,d
£ I: f}' f:ll

_0.25+24

Asmin = 220 700 - 190 = 387.83 mm*®

1.4

Asmin = 350 700 - 190 = 443,33 mm? ... .. ... Control

Agreq = 1526.23 mm?® > Agpin = 443.33 mm’ 0K

Agre,  1526.23

=4.8 =5 ha
T 314 6 bars = 5 bars

# of bars =

—» Note: As020 = 314 mm® Agppor = 1570 mm*

e Chick for Strain :
Tension = Compression

Agfy  1570-420

& - — 46,181 mm
= 085f.b 0.85-700-24




a 46181
('-—E— 0.45 =54.32 mm

= 0.003 d_’)w 03 19”_54‘32)~uum 0.005 Ok
R (c o ( 54.32 = SRR,

?ﬂﬂ-—Z'{-l}-—Z'lﬂ-S.Eﬂ
5= 3

= 125 mm = 25mm

= dp = 20 mm 0K

4.6.1.2 Design Of Positive Moment ;

@ bar

: Z0
d = cover + Ostirp + :-1-u+1[l+—z—=ﬁl]mm

88.78 x 10°

R,, :I:_&?=?uu-{1902) =3.51 MPa
420
e B 20.6

. 085-24°




» Chick for Ag -

0.25./F;
Samin — _}-_

0.2524

Asmin = —5o— 700+ 190 = 387.83 mm*

1.4 :
As,mfn = m 700 190 = 443.33 mm‘! ws =nine oo Comtrol

Asyeg = 1228.35 mm?® > Agpm = 443.33 mm? OK

Aj’_rﬂq . 1228. 35
Asior 25434

# of bars = =4 83 bars =5 bars

- Note: A;018 = 254.34 mm* A;ur0p = 1271.70 mm?

o Chick for Struin :

Tension = Compression
Asfy  1271.70-420

=37.4 mm

“=085fb 0.85 700 24
c=i=3T—'4=44 mm

| £y 085

; d-—c¢ 190 — 44

e, = 0.003 (T) = 0.003 )=0.01>0005 0K

Gt

_700-2-40-2-10-5.18

3 =147.7mm = 25mm

5

=zdy=18mm OK




The Maximum Shear force at the distance (d)V,; = 109.7 KN 2 support — 2 -

1
Ve= wﬁbwd:g-l-m-mu-wunu *=108.6 KN

@=075 — forshear

Q- Ve=0.75-108.6 = 81.44 KN

Check for section dimension:

Vy 109.7
e

Vs =5 ~ 0.75

)— 108.6 = 37.67KN
2 — s ,
Vi = E\_;‘f;hw d= =24 700190 x 10™* = 434.38 KN.m

Ve=37.67KN <Vgpo =43438KN..... OK
- The section dimension is enough.

Check For Items:

1
Vemm = ib“’ d=—-700-190 % 107> = 44.34 KN ........ control

1 P 3
Vs = E\fr_;h., d = — V24700190 X 10°* = 40.7 KN

B(Ve) = V<O (Ve + Viguin)

81.44 KN < 109.7 KN <125.78 KN ........ OK Case —3 -




= Use stirrups Two Legs @10 with A, = 2 78.5 = 157. 1 mm?

S =282.7mm >

_ Aefyed  1571-420190<1072
¥s 44.34

mm ......control

Fig.[ ) :Place Of Column (C 121) within the first floor.




Load Caleulation for Column

“Column Dimensions

Col. C121 | . Cm* 75¢m | 24Mpa

Load Calculation:

Pu = 8500KN
Usep = pa=18%

Pu=0.65%0 R*{0.85*% fi'(Ag — Ast) + Ast( i)

g500*10" = 0.65%0.8* [0.85%24*(Ag _0.0184g)+0.0184g *420]
Ag = 592406.5.men’

Ag=T50%a

592409.50/ 700 = a

a = TR0.9 3mm

Use 750 x 800m with Ag = 600000mm’

Fﬂ[llﬂl { PR Ag.provided | a( mm) . Ag required .

\ 8500 \U.DIE AOODO0 mm* 200 | 592409,5 mm’ l
| i L I |




Selecting longitudinal bars:
0.018 * 800* 750 = 10800 mmz2

Take 34® 20 As, provided = 10700 mm

Ast_requived 3

| 10700 mm®

Design of Tles:
- Use ties @10 with spacing of ties shall not exceed the smallest of
1 48 * ds=48 * 10=480mm
2, 16 ¥db =16 * 20 = 320 mm - contral
3. the least dimension of the column = 750 mm

Use ties @10 @ 200mm

ds(mm)
—

Check for code requirements:

B0 -40*2 _10%2-12*20
|. Clear Spacing = T = 42 mm = $mm:1 Sdb=1 5% 20=30mm

- Dk
D01<pg =0.017 <0.08 -0K
. Mumber of bars 34>4 lor rectangular section — OK
4. Mintmum ke dhameter ds =D 1{) for db = D20 bars — Ok




Clear Spacing | No. of bars
100 mm ‘ 18 0.017 D10 P25

¢ (Check Slenderness Effect:

.:.'.‘rh I1-.i" -
— <34 =12— e ACT (100122
- 3 101 —(10.12.2)

Lu: Actual unsupported (un braced) length.

K: effective length factor (K= 1 for braced framea).
[

R: radius of eyration =03 h = “‘I-“T_
Lu=415m
M /AL =]
K=1, According to ACI 318-02 The effective length factor, k, shall be permitted to be
faken as 1.0,
el

{ Braced trame with M, min)

M1

— <B4 =12 —— =22 <40 ... ... .ACI-(10.122
5 V2 40 T —(10.12.2)
e LF

i e 1 O VRS AT

r A Bl T

...short colammn.

Short column in both direction

Lu(m) ‘M1/m2
|
| -

4.15 1.0 1.0 18.3




B

|

R

P
P

-

b

[

Fig. | ):Section of Column {C2)
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4-8) Design of Stairs




s Determination of Thickness:

height =4.15m

Rise =3.5/20=17.5 cm

rise run

h, min =4.55/ 28 = 16.2 cm

W0cm

LL
(@sz

l#l

Ty

— Use h = 20cm.
6 = tan™(17.5 / 30) = 30.26"

Load Calculations

24 Mpa

420 Mpa

See pagl 0

- Minimum slab thickness for deflection is (far simply supparted one way solid slab
h, min=1L/28

take h= 20 cm.

h,min (¢m)

Dead Load calculations of Flight .

Flaster =

concrete =

mortar =

003 x 22
cos 30.256

020 x25
cos 10256

0.3 40175

= 0762 KN /m

=58KN/m

0.02 %22 =0.696 KN/m

-7




e LA I G
ctair = 03 %2 =2 W

035 4 0.175
Tile = —=—— 003 x27 = 14175 KN /m

Total load (DL) = 10.88 KN/m

Live load (LL) =5 kn/m

Dead Load calculations of Landing

| gama himl  b(m KN/m

Tiles I 0.03 1 0.66

22 | 0.02 1 0.44

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*10.86+ 1.6%*5 = 21 KN/m

For W, .W=12*8.01+16%5=1761

W o (KN/m)

22.76




- Structural System Of Flight (FL1):

21 knmm

34.65 kn

0,5 3.3 0,73

i #a &
7 e
=

Fig. | ) : Structural System of Flight [FL1)}

Check for shear strength For Flight:

Assume @ 14 for main reinforcement:-
d=h—-20-db/2=200-20—-14/2=173 mm
Vu =3465KN

0.75% V24 *1000%173
&

pFc= =105.606KN /m

Fu=341 KN < 05" écv=5233 KN,




Thickness s adequate enough

“db(mm) | h(mm) dimm) | va( | ek "
@ 14 - 200 173 34.1 | 105.66 '|

Design of Flexure:

- Design for Flight:

Mu=21(22) 0825 - 341 x () =533 kN.m
Mn =Mu/0.9=53.3/09=593 KN.m/m

d=h—Zﬂ-*l:lbﬂ:?_OU—Zﬂ—l-ﬂ-fZ:l?B mm

Mn

L] b.ur!

4*10°
_39.34%10° ) ogria .

“ 0007173

b= iff=S
\ 420

T%206%1.08 !
[ 2%206 LDEJ=MM%

As = 0.00495%1000%173 = 856.4 mmiim > As,,, = 360mm” fm.... OK

As, =0.0018% 5 * hr=000187 1000 *200=360mm* /m




Use @ 14 then,

| T
533 | 206 | 198Vipa | 0.00495 | 856.4 360 150

| |

use ® 14 @ 15 cmc/c , As = 1078 mm2/m strip

- Step ( s) is the smallest of :-

1. 3*h=3*% 200 = 600 mm
2. 450 mm

538015;’5]—2.5*!‘;,_.

5330*(??)-2-5* 20 =330*[!3%}—2.5 * 20=330mm
7 o

< 300 (= =3uu*[§%}= 300 * ( 22 ) = 300 mm ... (control)

Fs 4420

- Check for strain:

Tension = Compression

A,* fy=085*fc *h*a
1078%420=085*24*1000%a
w=222m

a 222
~ g 085

g, =71220244 003
262

£, =0.0167 >0.005 ——>ak

=262mm

¢




¢ Temperature & Shrinkage reinforcement:

A5 inge = Q0018 b <1 = 0.0018% 1000 % 200 = 360mm " fm

Use @ 10 @ 20 cm c/fc, As prov = 395 mm2/m strip

- Step ( s) is the smallest of :-

1.5%h =5% 200 = 1000 mm

2. 450 mm — control

IS

395

- Design for landing (L1):

Minimum slab thickness for deflection iz (for simply supportad cne way salid slab)

h,min= L/ 28
hmin=3/28=10.7¢cm..............take h= 15 cm.

— Use h = 15cm.

Material Density kN \ m2 s.h.1 kN\m2

' Tiles 22 *0.03*1 =0.66
 Morter 22*0.02*1 = 0.44

' Solid slab 25%0.15 = 3.75
Plaster 22*0.03 = 0.66

| Total dead load 5.51




L

60.24 kn 60.24 kn

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

- Calculate the maximum bending moment:

Mu = 60,24 G) — 40,16 X 1.5 X (‘T) = 4518 NK.m

An =Mu/09=45.18/09=502 KN.m/m

d=h-20-db/2=150-20 —14/2 =123 mm

A
piac
,[I . rf‘

_502*10°

e = :3 31"’&}{:
1000% 1237

1y

N,

WM =
0.85 = f¢

m = 420 —=20.6

T 08524




2¥206%3.20
420

J=ﬂ_{!ﬂ33

."i.f"__],= D.DUBE*IUUU"‘].EE = 1023 mmzfm} .-‘:!-"mn = ?:?“Fﬂm!!mnu OK
As =00018*p* h=0.0018*1000* 150 = 270mm* /m

Use @ 14@ 15cmc/c

m Rn

206 |3.32mpa |O

- Step ( 5) Is the smallest of :-

1.3*h =3* 150 =450 mm
2.450 mm
5380[% -25*C,

<380 % (+°)-25%20 =380 * (—=-)-2.5%20=330mm

< 300(%2) =300* ()= 300* (£, ) = 300 mm (control)




- Check for strain:
Tension = Compression

A% fy=085%fc' *b*a
1023*420=(.85% 24 #1000 * a

g, =0012%0.008 —— ok

Temperature & Shrinkage reinforcement:

AS gy e = 000185 Frac hr = 0001 810002150 = 270mm* fm

Use @ 15 @ 30 cm ¢/c, As prov = 515 mm2/m strip
- Step ( 5} is the smallest of :-

1.5%h =5% 250 = 1250 mm

2. 450 mm — control

A e (1 ) | S{mm]

270 300 ®© 14




* Design of Isolated footing (Under Column C121):

| _I,I':_ 2 _,Fl,'l" |

27 Mpa 400Mpa J

¢ load Calculation:-
- From column (C202): (DL &LL)

* Service dead load ( DL) = 5000 KN

* Service live load (LL) = 1563 KN

* Column dimensions =80 cm*75 cm

* Allowable soil pressure = 400 KN/ m?

' DL{KN) |LL{KHI Service Column all. soil ' Soil density = Soil weigt

dimensions
‘ Surcharge pressure

I5tmr:: | 1563 5KN/m® | (20%60)cm 400 KN/m? |18 KN/m3 | 10.8 KN/
! .

| IS M\ | =l N

h

(assume o = 105 ¢m)

- Net soil pressure 7

l:.|Flt'.|' = 400




- Required sizes of footing:

4500

A, required = o= 227 = 15.25m?

EJ.J el

Try 4.1*4.1 Area = 16.81m’

i G A,r_éqirired |

‘ A

l 105¢cm 400KN/m? | 16.257 ‘

* Depth of footing and shear design:
Py =1.20L + 1.6LL = 8500 KN

b = ﬂ; = 505.65 KN/mm?

'fry area Pu

4.1%*4.1 m 8500 KN ’ 505.65 KN/m?

il
s o

nlinad srpek

Tritsistary sy i
Iwri- Wiy BhEEr

el
ff//’_f' “"/"r"

Critinal sootion
for twn-way ahear ‘“‘« }

Twa-way shaar.

Fig. (42} ; lsolated Footing

fs




s Determine the Depth of Footing Based on Shear Strength:-
e Check for One Way Shear Strength

Inclined :rlc}:' o I E___

|
Cetnal section for
onz-way ohuoa |

Tributary srea for
& erl-way shaar

Lirmies =
Colume -~

S

Ong-way ahear

Fig. {43) : One way shear strength

V= L—E—J'1,*¢]J:“’b: 58 UE—#J*SUF.&SH.]
(57 L2~ 3

él"-;'=—'F:' ST 4. 1%d 10’

Let @V =Vu
d =0.365m
h=365+75=20=460mm

Try h=1050 mm .....

d =1050 - 75 —20= 955 mm




Check for Two Way shear Action (Punching).

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

equations:

4V =g ! {l --F2 ]-._.Iifhﬂf

f

+2lf b d

!

'-ﬂ—

'd

Visli=r
P = I?:f.—?"!u'lf‘ b d

Where:

_ Column Length 1.-:” 800
“ Column Width ()~ 750

=1.06

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

#,=2(0.8+0.955)+2(0.75+0.955)= 6.92 m.

for interior column

o, =40.....

] (O W
ZL: W VI byd =

; 0.75 2 Yo == o
gV, =¢ - *[5+]GEJ*JET'Z%*GEJJ*IQ =12362 15kN
U

fi 075, (4040955 )
' ""'—n-xr hd== 0.33,(40%0955 Y, o nsera 9ssact — 31935 SSEN

l'-"t : | A '-”;'f'.u _,'

P =¢




(.75

=9 v‘frbc:r_ =" J2T*6.9240.955510" = B40RITAN

A b, (m) . 47 (KN)

1.06 6.92 40 8498.97
e

Fir=((4.1%4.1)={(0.8+ 0.955) *(0.75+ 0.955)) *505.65 =6986.924N

Vu=6986.92 KN < ®Vc =8498.97...

Wi DK

+ Design for Bending Moment of long & short directions.

h (mm) -- d(mm) b(m)
1050 955 | 4.1

d = 1050-75-20/2 = 965 mm
Mu =505.65%4.1%1,05%1.05/2 = 1142.83 KN.m

R LT
085% & 085427

p B

_ Muig _ 1142.83* 10° /0.9
h*d* 4100*(965)*

=0.3326 Mpa

(1. 27N 6 6008376
T 1743 400

As,..= 0.0008376 (4100) (965) = 3314.2 mm’

AS$mia =0.0018*b*h == 0.0018 (4100) (1050) = 7749 mm’

AScq= 3314.2 mmi* < ASpyiy = 7749 ma e



As= ASuin= 7749 mnr’

Take 31 ® 18 , As,provided = 78.864 cm* > As required = 77.49cm?

_4100-75%2-31%18

S = 2 = 113.06 mm < Smax=450mm

- Step(s) is smallest of:

1.3h = 3*1050=3150 mm

2. 450 mm - control

§=113.06 mm< S max= 450 mm— 0K

‘M'u{ltﬂ.m} m \Rn P 1lnﬁ“lfmw-‘l AS ol ) |'A5m{mm-’1\st

i 114283 | 17.43 | 0.3326Mpa 0.0008376 | 3314.2 7749 \ 7886.4 | 113
|
L - TidEas milh e RS oA

- Check strain
Tension = Compression
"qs » ﬁ=1335b= fl_'wh w2l

78864 < 400 = 0.85 %27 = 4100%u

g =33.52mm

33.52

.85

= 39 4l mm

o=

5_ 10 4
p = 2853948 003 = 00.070 > 0.005..0k
39.44




« Development length of flexural reinforcement:

Ld for © 20:

[ ; il # i ¥ 1 **
ARRLIE T b P PR ! 20 = 554.256mm
10 St [k+e) 0 427 25
N L J

Avallable lergth = [(4100-1050)\2)-75=1450 mm

1450mm> 554.256MM weeerrvrrr OK

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

- In footing :

4.
DPnb = D085 0’4 = | =)
¥ 4

A, =0.8*0.75=06m"

Ay =4.1%4.1=15.81m"

i i I

e 1681 _ 5§20 52 miianinss fﬂ =2
V4, Vos \ 4,
O PR =065 x (085 x 27« 0 6% 2) « 1000 = 17901 KN
OFn = 17901 > Pu = 8500 KN, Ok

The Dowels are not needed for footing

As.min =0.005* Ac= C.005* 800 % 750= 000 mma




Use 10% 20 , As, provided = 3140 mm? > As, required = 3000 mm’

- In column:

D Pu b — DOYS fe'4])

MPr b =0.65(033 x 37T x 03 0751000 =8950 3 KN

@®Pnb = 8950.5KN > F, =8500KN

The Dowels are not needed for column
- Development of dowels in footing:

' g
7 03545, b= 0.25*400 50 =385
t [ PO P
Ay fo 1%y27

Ld(2)req =0.043 «fy =db =0.043 «420 <20 =361.2 mm
Ld(2)req = 200 mm

=»[d(1) reg= 385 mm ........... Control

Available Ld =1050-75-2*14=947mm .

Available Ld =947 mm > Ld required= 385 mm

- Lap splice of dowels in column :
Ls=0.071fy . db
=0.071 * 400 * 20 = 568 mm.

Use 1000 mm




485 010

040

40

l
): Detalls of footing (F13)




(4- 10 ) Design of basement wall :

Design of Basement wall:

s load calculation:

o =27 MPa, fy=000Mpa, Y's=20kN/m’, qall=250KN/m’, =30, surcharge =5KN/m’

e fy s qall ] & surcharge ]

ETMpa |4DDM|JEI 18 kN/m® 400 kn/m’ | 30 | SKN/m*
[ |

Fig ( }:Section Of basement wall

80




Ca —1-sin@ —1-sin 30 = 0.5 | Static Earth Pressure)

Pa=Ca*"h® y=05

Ps=Cs® §=05%5=

*4.3%18=38.7 KN/m2

2.5 KN/m2

[ Ca

Pa

0.5 | 38.7 kn/m2

N

e

"‘:'E: '5“'“ eI HNm

Pe=2EFMNm™m

|_ Ps=2.5KN/m Pa=38.7 KNfm

Fig. (47): Static System



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

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

Design of Bending Moment

Mu = +81.5 KN.m/m

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

_ Mn
4 b-d ’




(4- 11) Design of a shear wall:

To design shear walls we use ( CSI ETABS) Software , and this i
manual example of shear wall design

. 7% kn

! =
L L 200 kn -
I.\"\. ‘ K.

i 33 kn
P\ .

l:"i
| 490 kn =

e 750 A0

N 6435 bum |

Fig. ( ) Shear and Moment Diagrams of Shear wall

Fc = 24MPa
Fy = 420 MPa
t=30 ¢cm .shear wall thickness
Lw = 5.3 m .shear wall width

Hw for one wall = 4.15 m story height



Design of shear
Y Fx=Vu=T50KN
Design of the Horizontal reinforcement:

The critical Section is the smaller of:

b = E—g = 2.65 i....contar!
2 2
hw _ 22?'5 =11.25m

e sl

storyheigh (= 45m
d=08xMw - 0.8x 3300 — 4240 mm

— 075+ 0.83 xv24 =300+ 4240 = 3879.1L KN >V},

1 — 1
V= Eq'f,:’hu? = EJz_L 300 + 4240 + 1072 = 1038.6 KN

N,d — |
V. = 0.274/f.'hd + ﬁ = 0.27V24 » 300 = 4240 + 0 = 1682.5KN

Mu=5217KN.m

5217 5.
SoEee 5_; — 437 > 0 (+ve value)




L, (0047 + 0.2 tiﬁj
M.,

Ty

Vu e

_ 53(01V24+0
=[D.05~.!24+ ( :3 ]]mnwwm

= 1079.43KN Control

V. = [0.05/F: + hd

¥s.=¥n=¥¢
= (750 /0.75)—1079 43 = -79 43KN

Ave _ 0.0025% b = 0.0025x0.3 = 0.00075

R

Use $12 As=113 mm*

p =212 = 0,0025 = § = 301.32mm take it 250 mm

Max. Spacing

T 1060mm
5 5

3h = 3 = 300 = 900mm

Use ¢12@250mm in tow layer



Design of bending moment :

5300 .
Agp = (J 0 ) # 2+ 1131 = 6000mm*

: 00 420
= (£ () 2 s

Loh) . \530+300/ 24
By 0
ir — FE =
Ll
C wta 0.66+0

= = :0. Z
[~ 7w+ 0858,  2+066+085+085 =

9, C
oM, =0 [D.SA_,.., Fla(l 4+ —) —
fq.qrfy !w

= 0.9[0.5 = 6000 = 420 * 5300(1+0)(1 - 0.32)] = 4086.92KN.m
> Mu

_, use $12@200 mm for vertical reinforcement




(4- 12 ) Design of Strip footing.

a . Fif—

Fig. | } lacation of Strip footing .

Load Calculation :

H {slab) =0 35m

H( &all) =015m

Weight of wall (D 1) = height* Thickness ® Im wide ¥+, =415%03*25%4=124.2 KN/m

From plaster DL -03%25*23=5352 KN/m2




D.L=1242 + 5352 = 130 kn/m

vertical load frem glabs\m =380 KN

Total W= 510 KN/m
Allowable soil pressure = 400 KN/m?

Assume footing thickness is 0.50 m.

A= 'P—ﬂ— :Eli} =1.27m2
gall 400

— B=1.3m

Take B=130cm .

qu = i T4 _ 549.3Km2

4 ke

assume h=50cm



h=500mm

d=500-75—10=415mm
f’=!x(ﬁi—{}]5—‘:}4]‘3}}(5493-222.‘.!1

P I}TS\: fﬁ: b d= ﬂ?SlE J24 x 1000 % 0.415x 10’

=254, l3kn'.
oV >>F,

So No Shear Reinforcement

M. —*49.:-3-505}(1%[ 21 68, Thkn! m

= SE =76 3kn/m
0.9
78.7 % 10"

= — = 0.4Mpa
1000 <4157

.-‘)
bl R e
51 0.85(24)

= '—(I S BLIEY
) '

[ 2%
] _hlﬁ.{)xﬂ.é’f.}:t}‘ﬁnﬂgﬁ

"
w1 = 0.,0009(1000) (413) = $00 mm

A« min for shrinkage and temperature:

As min =0.0018*b*h




-0.0018*1000*500=900 mm ?

As,, =900mm’

#of bar = ol
[ 54

e e—————EEE

\ Selact @14 @ 15 cm cfc with As prov 11gp+4mm?*/m.

_—_—_—__.__.__.—_.___.—

9




1. Determination of thickness

According to ACI

le 37-08

st S = .145
22{] 70 0.145m

Select 18 cm > 14.5¢m

2. Determination of load (for one meter strip)

1. Tiles + sand = 2.5 kN/m’
7. slab dead load (0.18) (25) = 4.5 kN/m*
3, partitions =1 kN/m”
Total dead load - 8 kN/m’
Total dead load (1m strip) =8 kN/m
Total live load (3)1 =3kN/m

Qu=12%*8+1.6%3 =144 kN/m

4. Internal forces

AﬂTB=q—1-m:E;—‘Tl: 26.64 KN

93




2 1443.7¢
| P T A BT _ 2464 KN.m

B8 B

. 5. Design of shear

| d=180-20 - 6=154

| @Ve = G.?S(%)-,u’?? bw.d

dVe=9625 KN >> Vu=30.36 KN
—s no shear reinforcement is required

Note: if ¢¥e <Vu= increase slab thikness

6. Design of bending moment

Note: main reinforcement in short way

Secondary reinforcement in long way

94




main reinforcement in short way

Mu = 24.64 kN.m

Mn = 24.64/ 0.9 =27.38 kN.m

L' .Illi: ;

As min = (Kol )
[ )

V75

4(400)

Asmin = (1000)(154) = 4.81 cm?®

Ld .
(hw ()
LA

Asmn =

As min = o (1000)(154) = 5.39 cm?
15 N = m f 3 = J. ch

For slabs and foundation As min for shrinkage and temperature

As min = 0.0018 b.h =0.0018.(100).(18) =3.2d cm’

) 40
M =—"—

—=— =———=]}}Z
0857 0.8525)

po_ Mn _ 2738 05 .
R= 3 (10001542

1( Zmﬁ'n) 1 ( |
= m I_J fy |~

s

A g req = 0.00296(1000) (154) =4.55 cm’ > As min

B5

= .00296

2=18.82 » ‘1.15)

400

'




Sreq = —*{m{i}gljm = 2483

=

select S=20cm

Note: S{spacing between bars) must be less than (3h) and les than 45 cm
S value (5, 7.5, 10, 12.5, 15 ...)

S =20cm<3h=3(18) =54 cm

And § =20 <45 cm * Note Ag= 1.13 cm’

Select bar @ 12/20 cm

Total A jgrovde; 5-65 €m” /m
Secondary reinforcement in long way

For slabs and foundation As min for shrinkage and temperature is required
As min = 0.0018.b.h =0.0018.{100).(18) = 3.24 cm”

MNot less than

1 T - =

— Asreq(in short span) = = (4.55) = 0.91
I J

3 24em? > 0.91 cm®

Asreq = 3.24 cm”

100(0.785) =
Sreq = ——“4—: = 2422 ¢m

select S = 20cm * Note Agyo=0.785 cm’

96




Select bar @ 10/20 cm

Total AS yrevide) = 3.925 cm’/m

Design of drawings

b
Wi

Fottom reintoreement

Note: bar @ 10 available only in 12m long bars we should link between barsin a

distance 60 @

In long span

Long of bars = 18.9+0.8=19.7 m

= 1670 - 4 cm (cover) =1966cm

7. Top reinforcement of solid slab

1 T,
— Asreq> Asmin for shrinkage and temperatiare
s



1 1
Eﬂsreq = 5(4-.55} = 1.51em* < Asmin

= 3.24 em? (shrinkage and temperature)

Select bar @ 10/20 cm

Total AS praice) = 3.91 em’/m

L: short span

0.15(L) = 0.15 (3.7) = 0.555 take 1m
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