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Abstract

The Structural Design for main building of
Medical City in RamAllah Province

Project Team
Ashraf.S.Mashal Abed-Alhamed.S.Fatafta

Othman.Y.melhem

Palestine Polytechnic University

Supervisor
Dr.haitham Ayad

The aim of this project is perform the structural design for all
structural elements such as ribs, beams, column, and footing.

We choose this project because it was worked with planning standard, to
assimilating the large number of in patients, consists of all specialize major
of medical care that all the hospitals do not have these majors.

This project consisting of four floors (4000m” for floor), each floor
has many functions such as patient suite, waiting area, surgery and
operation rooms, and administration ...etc.

In our project we depend on Jordanian constructing codes for
determining the load, but we use the ACI code for structural analysis and

design for all structural elements, and we use some of computer programs
such as Autocad2004, STAAD.Pro and Office2003 ....etc.

By finishing this project we well provide the structural design for
structural element in this building in Medical City in RamAllah Province.
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List of Abbreviations:

Ac = area of concrete section resisting shear transfer.

As = area of nonprestressed tension 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.

DL = dead loads.

d = distance from extreme compression fiber to cancroids of tension
reinforcement.

Ec = modulus of elasticity of concrete.

Fy = specified yield strength of non-prestressed reinforcement.

h = overall thickness of member.

I = moment of inertia of section resisting externally applied factored loads.
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.

Ld = development length.

M = bending moment.

Mu = factored moment at section.

Mn = nominal moment.

Pn = nominal 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.
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Vu = factored shear force at section.
Wce = weight of concrete. (Kg/m?).
Wau = factored load per unit area.

® = strength reduction factor.
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4 Block 9
5 Plaster 22
6 Mortar 22

Hdaiiaial) 3 gall 4 oil) CBUSY prada gy (1) ab, Jgaadl s

21990 , (s Akl A V) sl 5 Jlaal) 535S | )5S G| a3y !
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a3 5 eclanal) 55 a5 GV (Galadll e Aaall) Hadia) Jleal Jeds Jleal!
il Al g 233N e g e Taldie) Jlal) o3 dad

Live load
NO. Type of area
(KN/m?)
1 Stairs 2.00

2 Corridor 2.50
3 Patient rooms 4.00
4 Storage 4.00

()il nabind Al Jlaa¥) c A (2)J 20

21990, A Akl | Ao V) sl s a1 828 | HsSe Gun | amagly 2
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e 0sSis ol al o sl Al e 2L e S Al sl e
2 Aty o fen sWSIL Ll cad e dail cul 1Y) dAllu g ¢ ara ge danl culS 1Y
a_,mwgﬂ\j‘uzj\ﬂc_@&@m&m)\jhﬂx‘;;Yaw;\cg)x\dug

13 . AV dal sl (e aall g cAumaidie o Aadi e S 6l g e (e Adala)
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:z ol Jlaal (3-3-5)

RO0fUSE e 5 ¢ ol mhaw oo Akl gl ez 5B Jleal adiad

z skl Jlaal (h) s mha e Liadd) gle
(KN /m?) (SAal)
0 250>h
(h-250) /1000 500 > h>250
(h-400) / 400 1500 > h > 500
(h — 812.5)/ 250 2500 > h > 1500

OF B a7 ol Jlaal Aad cpa S (3) B Jgand

'JA#\Cgau

) s e el i) an aayy Gl B Jleal Jpan ) ol
t S 7B Jleal Claa 5 D 31l L 5 (2950) (s sk o

SL = (h-400) / 400
= (950 — 400)/ 400
= 1.38 kN /m?
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o

Uniform Building Code (U.B.C)

: all 45 g8al) ALaY) pualial (3-4)

1Al (3-4-1)

b i sl 5 el DL A 8IS iall (e e 5 gg kel 3
t el s odgd (o Lads (3ad) Jusdll 3 ALY arelisll

-(One way ribbed slab) aal sl slai¥) <3 Cuae Glaie (1

.(Two way ribbed slab) oslas¥) IS & cuac Claic (2

18 /20CH
o T e e —
44 90 JoooJoool o
\ \ie 10 +i¢ 10 l
!15; 40 (15 40 (15

@'@A—Aé&s

bl saie U cn (12) US4
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Al Al 5200 prand Jidiiiss plaie LSl &5 5 . clulad)

LINK TYPES:

3

9

Single link, no Single Iink with Predominantly inks Ondy clips around
clps or inks on ciamond link for around middle midde bers.
mickdle bars. middle bars. bars.

BueY) adalia cun (15)a8, IS4
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Chapter Four

Design and Structural Analysis for Element

4.1 Introduction:

Steel-reinforced concrete is used in almost at all concrete structures. Since
concrete has poor tensile strength (it breaks easily when pulled apart), steel has to be
added to structural members to accommodate the tensile forces. On the other hand,
while steel is better at carrying tensile force, it has the tendency to buckle when
compressed. Therefore, when the two materials are combined, one makes up for the
deficiency of the other. When steel reinforcement in concrete helps carry loads, the
combination is called reinforced concrete. A reinforced concrete structure takes

many forms: beams, columns, walls, footings, slabs, etc.

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

structural elements such as: slabs, ribs, beams, columns, footing, etc.
The design and construction of reinforced concrete building is controlled by

the building code requirements for structural concrete = (ACI 318-02) of the

American Concrete Institute.

NOTE:
Fc =30 MPa for circular section but for rectangular (Fc=0.80*30=24 MPa)
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4.2 Slabs thickness calculation:

4.2.1 Thickness of one-way slab:

Min h for one-end continuous = L/18.5
=450/18.5=24.3 cm

Min h for both-end continuous = L/21
=550/21=26.2 cm

We selected h = 32cm.

Check the value of thickness from Israel code for rib slabs:

h=7L 1/fseréC

— 7555 \/(6.2+2.2) 540000

=23cm <32 cm.

4.2.2 thickness of two-way slab:

ln(0.8 + fyj
1500
36+58(a, —0.2)

Min h =

02 <a, <2

And h must not less than 12cm. (ACI- 9.5.3.3)

11{0.8 + fyj
1500
2 <«

36498 ) :

Minh =

And h must not less than 9cm. (ACI- 9.5.3.3)

Assume minimum thickness of two-way ribbed slab is 32cm.
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Beam (14):
- DAY
Y= Z A

7 (0:2(032)(0.16) +(0.4)(0.7)(0.35)

(0.2)(0.32) + (0.4)(0.7)

Y =0.32m=32cm

S bh’

I, = 3

| _(0.6(0.32)  (0.4)(0.38)
b~ 3 3

I, =0.014m*

Beam (20) + (29) :

~ Y AY
Y= SA

7 _ (2)(02)(0.32)(0.16) + (0.4)(0.7)(0.35)

(2)(0.2)(0.32) + (0.4)(0.7)

Y =0.29m=29cm

3 bh°

I, = 3

_(0.8)(0.29)° s (0.41)(0.40)° . (2)(0.2)(0.03)°

06—

0,/

bo,4

—+0,32 A4~

effective beam

0,3

0,324~

0,7

0,4

|
b 3 3
I, =0.015m*

3

-30-
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Beam (24):

— Y AY
Y= SA

7 (203)(0.32)(0.16) + (04)(0.7)(035)

N

(N
(2)(0.3)(0.32) + (0.4)(0.7) &
. <
Y =0.27m=27cm S P
- > bh’
b — 3 —0,4 —
| - (1)(0327) .\ (0.43;(0.4) s (2)(0.3)3(0.05)3 effective beamm
l,=0.016m*
For slab:
A AT AL
o ()]
7 _ (2)(0.2)(0.08)(0.04) +(0.15)(0.32)(0.16) o
- (2)(0.2)(0.08) + (0.15)(0.32) |
Y =0.112m =11.2cm 0,15

| _(0.55)(0.112)°  (0.55-0.15)0.032)° .\ (0.15)(0.208)°
& 3 - 3 3

effective slab
I, =7.04x10"m* /b

_7.04x10
0.55

I
a=—>
IS

S

x7.34=9395%x10"*m*
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140*107*

|
(Zl:_b:—74:1‘49
I, 93.95*10
l, 150*107°
ay=ay =2 =010y g
I, 93.95*10
I 160%107*
a4:—b:—_4:1.70
I, 93.95*10
am=051+052-;053+054_1.49+1.6£:r1.6+1.7=1.6

a,<2=1.6<2

{ACI(9-13.....equ.)} Will be used :-
1, (0.8 +F, /1500)

" 36+58(a, —0.2)

pota 1354 54
L, 6.72

- 13.54(0.8 +400/1500)

o= =0.29m
36+5%2.01(1.6-0.2)

h,, =29cm

Use an overall depth of 32 cm (24 cm block) . = This is OK.
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4.3 Design of slabs:

4.3.1 Calculate of dead load and live load for one way rib slab

1. Tiles  =(0.55)(0.04) (22) = 0.484 kN/unit , -
2. Mortar = (0.55) (0.05) (22) = 0.605 kN/unit .E e
3. sand  =(0.55)(0.10) (16) = 0.88 kN/unit 5QDUDDD[DDULD%
4. topslab =(0.55) (0.08) (25)= 1.1 kN/unit \yosn
15, 40 L 15
5. block = (0.4) (0.24) (9) = 0.864 kN/unit H———
' ' aiell gd A-) ghis

6. rib = (0.15) (0.24) (25) = 0.9 kN/unit :
7. plaster = (0.55) (0.03) (22) = 0.363 kN/unit

p © (0.55) (0.03) (22) ' u FIG (18)
8. Partition = (1) (1) (0.55) = 0.55 kN/unit. Section in one-way ribbed slab
9. Total dead load for one way rib = 5.75 kN/unit.

10. Total dead load for one way rib = 10.45 kN/m?.

Factor load From ACI code the equation tell that:
DL =1.2 (5.75) = 6.9 kN/unit rib.
LL=1.6(2.2)=3.52 KN/ m?

Then:

qu=12DL + 1.6 LL.

qu=1.2(5.75) + 1.6 (2.2) = 10.42 kN/unit rib.For meter square
qu=1.2(10.45) + 1.6 (4.0) = 18.94 kN/m2.

-35-



4.3.2 Two way rib slab:

e o

Tiles = (0.55)(0.55) (0.04) (22) = 0.266 kN/unit
Mortar = (0.55) (0.55) (0.05) (22) = 0.333 kN/unit
sand = (0.55) (0.55) (0.10) (16) = 0.484 kN/unit

top slab = (0.55) (0.08) (0.55) (25) = 0.605 kN/unit
block = (0.4) (0.4) (0.24) (9) = 0.346 kN/unit

rib = (0.15)(1.1) (0.24) (25) = 0.99 kN/unit
plaster = (0.55) (0.55) (0.03) (22) = 0.2 kN/unit
partition = (1) (0.55) (0.55) = 0.303 kN/unit

Total dead load for two way rib = 3.53 kN/unit.
Total dead load for two way rib = 11.67 kN/m?.
Factor load From ACI code the equation tell that:
DL =1.2 (3.53) = 4.24 kN/unit rib.

LL=1.6 (1.21) = 1.94 kN/unit rib.

From ACI code

qu=12DL+ 1.6 LL.

qu=1.2(3.53) + 1.6 (1.21) = 6.18 kN/unit rib.
qu=1.2(11.67)+ 1.6 (4) =20.4 KN/ m?.

-36 -

168/200H

5E2Eﬁ€]iﬁ i,

Y q@10+]¢10

115! 40 L 10 !]51

@glw—ﬁgﬁa

FIG (19)
Section in two-way ribbed slab




4.3.3 Design of top slab for one way:

Dead load of rib=b *h * D
=0.15*0.24 * 25
= (.9 kN/unit

20340324 Tl b

DL = (Total dead load of rib) — (dead load of one rib)

(275095 g0 kN/m?

0.55 0.55
LL =4 kN/m?

q, = 1.2(DL)+ 1.6 (LL)

=1.2(8.82) + 1.6 (4)

=16.98 kN/m?

=>» For a one meter strip g, = 16.98 KN/ m

4.3.4 Calculate of ultimate moment (one-way):

Assume slab fixed at supported points (ribs):
g, *I* _ 16.98*(0.4)

M, = =0.23 kN.m
12 12

From the ACI code:

Mn = fr *s
* K2 * 2

S = b*h = 100%(8) =1066.67 cm?

6

f, =042t

f =042 24 =2.06 MPa

r

Mn =2.06(1066.67 * 107 )=2.2 kN.m

Mn = Mn * (Reduction factor)
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Distribution reinforcement of top slab




=2.2%*(0.55)=1.21 kN.m > 0.23
So the slab is plain concrete.

>>shrinkage and temperature reinforcement is required according to ACI — code:

According to ACI-code........ 7.12.2.1:
When fy <420 = p=0.0018

As . =0.0018*b*d

min

=0.0018 * 100 * 8 = 1.44 cm?

Select 1 ®8 /25 cm (4 ®8/1m) ----- AS ;roviged = 2-00 cm?/1m in both directions.

4.3.5 Design of top slab for two way:

Dead load of rib=b * h * D
=(0.15) (1.1) (0.24) (25) = 0.99 kN/unit
DL = (Total dead load of rib) — (dead load of one rib)

3.53 0.99
0.55*%0.55 0.55*0.55

LL = 4 kN/m?
q, = 1.2 (DL) + 1.6 (LL)

=( ) = 8.4 kN/m?

=12(8.4)+1.6(4)

=16.48 kN/m?

=>» For a one meter strip g, = 16.48 KN/ m

It is apparent that the topping slab in two —way action is even stronger than that for
one-way ribbed slabs therefore:

>>shrinkage and temperature reinforcement is required according to ACI — code:
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4.4 design of rib:

4.4.1 Design of positive moment (for rib 1):

FIG (21)
Ribs and beams distriution

FIG (22)
Rib selection
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|
FIG (23)
Spans of rib

4

\MA/W}

13.2 11.9

e vw

|I.5|3I 2.34 ! 2.35  2.35 ! 2.5

2.5 !2.4? =2.I]3!l.53=1.ﬂ?! 2.75 | 2.75 ! 2.76 1.84

FIG (24)
Moment diagram for ribbed

-30.8
5 ~25.9 —27.4 —23
~17.2 -17.6 e & =
; ; -14.7 +1 3-?/1 -10 5/4
H - B E - F = HH el
l7/ﬂ.2 7/111 1
16.6 17.1 18.6 18.3 1g.4 19.9 22.
25.4 26.9 26.6 28.2 30.3
FIG (25)

Shear diagram for ribbed
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In this rib the max. Clear Space of span = 4.6m.

Effective flange width (b; ) according to ACI-code 8.10.2:

be for T-section is the smallest of the following:

be=L/4=46/4=115cm

be=12+16t=12+16 (8) =140 cm

b =C/C spacing =55 cm

>>use Mu max. Positive for all spans = 17.8 kn.m
Mn=15.1/0.9=16.78 kn.m = 1.68 ton.m

>> determine whether the rib will act as rectangular or T-section:
Fora=t=8cm

C=0.85 f, *t* b,

=0.85(0.24) (8) (55) = 89.76 ton
d=h-cover—®/2=32-2-2/2=29cm
Mn=Tor C(d—0.5a)=289.76 (29 — 0.5 (8))/100 = 22.44 ton.m
Mn available = 22.44 ton.m > Mn required = 1.68 ton.m

Design as a rectangular with b, =55 cm

fc'

As . =———(bw)d)>——(bw)d )....cceernneec. (ACI —10.5.1)
i)z )
V24 1.4
=———(15)29)>——(15)(29
As . =1332152............. the larger is control
As,, =1.52cm’
= fy 400 _ 19.6

m = - = =
0.85* fc 0.85*24

% 5
_ Mn_ L68*I0T e o
b*d>  55%(29)

_ 1 . [ 2mRn
p—m(l N fy )

Rn
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p:L(l_\/1_2(19.6)(0.363))20-0009
19.6 400

As=0.0009 (55) (29)=1.44 cm? < As_ . = 1.52cm?  ok.
so select 2 @ 10

AS provigea = 1.57 cm?, 10810
2112 L=30
Tension = compression o i
o a o
As*fy=085*f *b*a o
2710 pcl 10,20 4
2%78.5%107° %400 = 0.85*24*0.55*a —
a=0.0056m = 5.6mm Pl Tl
=jl:5§1=66mm Q@Q
B, 0.85
FIG (26)
&s _ 0.003 Rib section
290-6.6 6.6

>> g, =0.13> 0.005
Ok

4.4.2 Design of negative moment (for rib 1 ground):

Maximum negative moment is Mu= 15.4 kN.m

Mn=154/09=17.1 knm=1.71 ton.m
d=h-c—®/2

=32-2-2/2

=29 cm

- 400 44
0.85*fc'  0.85*24

1.71%10°
Rn= 0 LTI 45 56 kg om?
b*d> 15%(29)
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:L(l_\/1_2(19.6)(1.36)):0’0035
400

19.6
As =0.0035 (15) (29) = 1.52¢cm?

According to ACI-code (10.5.1):

As,., =2 b,)(d) < Jie' (b, Xd)

fy 4*fy
_14 Va4
As, . = 200 (15)(29) < 5400 (15)29)

=1.52<1.33

The larger is control. As_. =1.52cm’

1.52cm* > As . =1.52cm’
Select 2 @ 12
As provided = 2.26 cm?.

2*%113.1*10°° *400 = 0.85*24*0.55*a
a=0.0081m=8.Imm

= a = ﬂ =9.53mm
B, 0.85
&, ~0.003

290-9.53 9.53
>> ¢, =0.088 > 0.005

Ok
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4.4.3 design of shear for T-section (for rib 2 ground):

Yo _223 _sokn

% 0.75
Vv

1
. —g*\/f—c*b*d

\Y =%* 24*0.15*0.29 = 0.0355MN

C
=35.5KN
V
— <V,
30<33.5
>>>No shear reinforcement is necessary.

Use 1P8/30cm
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4.5 design of beam:

=

FIG (27)

Beam selection

Factored

[
[T
DeadR10.21
LiveR 6.37

Max R16.58
Min B 9.0%

32N
18.26
50.97
39.62

33.54
19.32
h2.8h
40.73

34.42
19.58
h4.M
41.19

24.23
17.22
41.45
26.41

31.04
19.2

h0.24

33.85

4017
20.97
61.14
49.81

H
11.72
7.21

18.93
10.49

FIG (28)
Beam loads
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4.5.1 Span (1) positive moment:

Bl
HES

=
A

FIG (29)
Beam spans

-436.6
-378.3  -370.5

| 2.4

1981

345.6
. 3.6 | 4.44 ,

2.96

FIG (30)
Moment diagram for beam

-298.8
-241.5

-228.3
1T

115.7
173.

288

337.7

FIG (31)
Shear diagram for beam
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Mu=345.6 KN .m

Mu
Mo MU _ 3456
® 09

=384 KN .m

Assume that T, =a
Mn, =0.85*f_*b, *h,(d-f,/2)

=0.85%24*0.8%0.32 (0.54-0.16) *10~°
=1984.5 KN.m
Mu
o = Mn
>> Section behaves as a rectangular.
~ Mn
~ b*d’
% -3
Rn = 345.6/0.9*%10
0.8*(0.54)°

m = fy - = 400 =19.6
0.85* fc 0.85*24

_ 1 . [ 2mRn
p=—_0 N ty )

1 \/1_2(19.6)(1.65)
400

=1.65 KN/m?.

s o o

) = 0.0044

FIG (32)
Beam section

Areq=p *b*d=0.0044 * 800 * 540 = 1900.8mm?

Use @ 25 >> # Of bar = 19008
490.87

A, provided = 4*490.87 =1963.5mm’

=3.87 ---—-- select (4) bar @ 25
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T=C
A *fy=0.85%fc' *b*a
7*%314*%107°*400 = 0.85*24*0.8*a
a=0.054m = 54mm
_a_ 54
C B 085
68:540—63.5
63.5
&, =0.023 > 0.005—— 0k

=63.5mm

*0.003

And not least than 0.004 >>> singly reinforcement.

J fc
As_ . =(—(bw)(d)2—4(bw)(d) .................... (ACI —10.5.1)
V24
S 400)(540 >— 400)(540
4(400)( 0)(540) (400)(540)
As_. =661.4mm* >756mm”>......... the larger is control
As_. =756mm’
AS e =2189Mm? > As . =756mm* —— ok

4.5.2 Span (1) negative moment:
b, =80cm,b, =40cm,h =60cm,T, =32cm

d =60—4—1—%:54cm

Mu=378.3 KN .m
Mu

Mn= —= w =420.3 KN .m
) 0.9

——< Mn,
@

>> Section behaves as a rectangular.
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~ Mn
 b*d?

~378.3/0.9%10°°
Rn=
0.4 *(0.54)°

Rn

=3.6 KN/m?.

m=_ 400 46
0.85* fc  0.85%24

_ 1 [/ 2mRn
—m(1 N fy )

_ b ] _2096)36)
T \/1 a0 )00t

Areq=p*b*d=0.01*400 * 540 = 2160mm?

Use @ 25 >> # Of bar = 2160
490.87

A, provided = 5*490.87 = 2454.4mm’

=44 - select (5) bar @ 25

T=C
A *fy=0.85*fc' *b*a
7%314*%10°°*400 = 0.85*%24*0.4*a
a=0.108m =108mm
c zi:ﬁ:127.lmm
B 0.85
540-127.1
127.1
g, =0.0097 > 0.005—— o0k

*0.003

S

And not least than 0.004 >>> singly reinforcement.
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4.5.3 Design of shear (for beam):

| |
3m 1008 1789 536

1,0

Fig (33)

Stirrups distribution in beam

ACI — 318 — Design categories:

1. Vu S%@Vc

4/ fc'
l@chldb*— bw *d
2 2 6

1 0.75 *

2
=66.14 KN
Vu =288 KN

>>>Not control.

0.40 * 0.54*10°

O\S‘
Ix

2. %@VCSVUS@VC

® Ve = @*—V;C bw * d

dVe= 0.75* % 0.4 * 0.54*10°
=132.3 KN
Vu =288 KN

>>>Not control.
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3. ®Vc=Vusd Ve + D vsmin

@ vsmin = 0.75 (%) *bw *d

=0.75 (%) *0.4 *%0.54%¥10° = 54 KN

Ve + @ vsmin = 54 KN + 132.3 KN = 186.3 KN

Vu =288 KN

>>>Not control.

4/ fc'
4., O Vec+Dvsmin<Vu <O Ve + CD*T bw *d

fV
CDVs=<D*—V3C bw * d

NeYT

=0.75 * 5 0.4 * 0.54*10° = 264.5 KN

®Vc+dVs=264.5+132.3 =396.8 KN
>>> 186.3 £288 £396.8 >>> control.

4.5.4 Design the spacing between stirrups:

_ DFAVF fy*d
DVs

S

_ 0.75%1.57%400*54*10""
264.5

=96 cm

Select 1 @ 10 /9 cm (for 2.22 meter from the face of the support).

The residual beam select:
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_ O AV fy*d

S
(DVSmin
* * * *10!
S = 0.75*1.57*400*54 *10 —471 cm
54
S<30cm
d 54
< —=—=135cm control.
4 4

Select 1 @ 10/ 12 c¢m (for the residual beam).

b
S
N

ajd  Bed Wid+

mac Mmin __ VYmax Ymin A's

-318.27 -436.57 [280.48 | 172.49 2022.
-277.96 -370.53 280.48 172.49 2022.
-245.08 -316.77 280.48 172.49 1702,
-150.52 -207.27 280.48 172.49 1082.
-54.49 -116.79 254.12 157.07 596.6
31.22 -61.69 226.24 140.78
106.62 -12.61 198.37 124.48
171.71 30.43 108.19
226.48  67.45 142,62 91.89
270.94  98.43 114.74 75.60
305.09 123.39 86.87 59.30
328.92 142.32 59.00 43.01
342.44 155.22 31.12 22.60
345.64 162.09 10.42 -5.27
338.53 162.93 -5.87 -33.15
321.11 157.74 -22.17 -61.02
293.38 146.52 -38.46 -88.90
255.33 129.28 -54.76 -116.77
206.97 106.00 -71.05 -144.65
148.29  76.70 -86.47 -171.01
79.30 41.36 -86.47 -171.01
4415  23.11 -86.47 -171.01

0.00 0.00 -86.47 -171.01

=g Ryt
P
s
P

e e e 3 O O O o o O e B B B 2 B
WwbwhwhooooowwwwwNDoooo
MO NooCoCnUuOONOWOAAAA
e S S O B S e B O B S B S B O B S S
= o o e e
R R - e = R R T T =g

e e e e e e e e e e e e e e e e
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(4.6)Design of column:

4.6.1 Design of column without moment:

Po=Ag {0.85 fc' +pg (fy - 0.85 fc')}
Where :

P, _ Py
0.80° 0.65

Po:

Design of column (C12) ground floor:

p, =2207.2KN
M, = 2.4KN.M
M, =9.5KN.M

To check is the column short or long :

KL_ kL _ DG 67 3ap ML 504
. s =30,

r o 03(h)  (0.3)(0.4)
>>> it is short column.

p, 220742

p,= =3395.7kN.
0.65 0.65
M :

e, =—>= 24 1 1%107 =0.0011m
P 22072
M :

e, =—2>= 73 _43%107 =0.0043m
P 22072

e .

& 0001 _ 0028 < 0.08

h 04

(S .

& 00083 _ 4 611<008

h 04

>>>just axial force affect on this column without moments.

Assume p, =0.015

Pn=0.8*Ag {0.85 fc'(1-p,) +(fy* p,)}
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2207.2*10°°
0.65
Ag =0.13m>.

= 0.8Ag{0.85* 24(1 — 0.015) + 400 * 0.015}

>>a*b = 0.13m’
>> when we choose square columns:
a=b=+0.13=36cm
>> select (40*40) cm.
Pn=0.8*Ag {0.85 fc (1-p,) +(fy* p,)}

2207.2*10°°
0.65

py =0.016

= 0.8*0.4%0.4 {0.85 24 (1- p, ) + (400 * p, )}

A, =0.016* 400 * 400 = 2560mm* 0,40
usegl18
A, =254mm? »

2560 Sl

# of bars = ——=10.1 bar.
254

Use 12 bars. I:__. ._3

A =3053mm?

sprovided

Design the ties of the column: Fig(34)
- (48) tie — bar diameter =48 (1.0) =48 cm . Column section
- (16) longitudinal — bar diameter = 16 (1.8) = 28.8 cm.

- least column dimension =40 cm .

O soselect 1 ®10 @ 25cm.

Fig(35)
Column ties
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4.6.2 Design of column with moment:

Design of column (C13) third floor:

p, =1810.1KN
M, =49.3KN.M

M, =-131.4KN.M
fc' =24Mpa = 3.48ksi
fy = 400Mpa = 58ksi

M, 493

e, =2 = 2 _0027m=2.7cm
P 1810.1
M .

e, = _ B4 693m = 7.3em
P 18101

& 0027 4 06<0.08

h 04

e_3=M:02<008

h 04

>>>there is moment M3 acts on the column.
From ACI - code chart :
Chart no.E4-60.75
To use chart needed:

Assume p, =0.02

~d-d'  400-40-40-20-20
h 400

=0.70

/4

>>> use chart with ¥ =0.75, fc' = 4ksi, fy = 60ksi

From intersecting of e/h =0.2 and p, =0.02
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P _ PPy _ i

Ag  Ag

2ksi #1000
145

=13.79Mpa

1810.1*107°
Ag
>>> Ag = 0.13m?

a=b=4+0.13 =36cm

13.79 =

So select column 40 x 40, Ag=0.16 m? .

Use the chart again to give the exact value of p,

p, 1810.1*107°

=11.3Mpa
Ag 0.16
*

11.3*145 1 6ksi

1000
S _02
h
>>>p, =0.01
As=p*b*d=0.01*400*400 =1600mm?> Fig(36)
usegl4 Column section
# Of bars = %:104

'

Select 12014
AS roviged = 1846.8mm’?

Design the ties of the column :
- (48) tie —bar diameter =48 (1.0) =48 cm .
- (16) longitudinal — bar diameter = 16 (1.8) = 28.8 cm.

- least column dimension = 40 cm .

0 soselect 1D 10 @ 25cm. Fig(37)
Column section
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4.7 Footing Design :

4.7.1 Design of square footing (F1)

From Column (C1):

D.L=1098 kN, L.L=431kN
Service load = 1529 kN

Factored load =2008 kN
Allowable soil pressure = 4.0 kg/cm?

Column= 40 cm x 40 cm

Footing Area:
Estimate footing to be about 70 cm thick, in addition to about (10 cm) of blinding
concrete .
Back fill=H * ys *( W * L — (bc * wc))
=0.75*18*(3*3-04*04)=119.34 kN

weight of concrete footing = (weight of base footing ) + (weight of neck column)
=(0.70*3*3*25)+(0.75*0.4*04 *25)
=160.5 kN
Allowable soil pressure = 4.0 kg/cm?
Area (A) = Total Weight / Soil Pressure
= 1808.84 kN / 400 kN/m?

=4.5 m’

Use L=220m,W=220m, A=4.84 m’
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(4.7.2)Determine depth based on shear strength

DV, = @%\/ff'bwd = 0.75x%\/ﬂx(2200)x(d)=1526.8*103d

P, _ 23438

= =484.3 kN /m?.
Area 4.84

net

Vu = (Pnet)(one way shear area)

2200 — 400
2

Vu= (484.3%107)(2200)( d)

DV, =V,

1526.8 *d=(4359- 484.3* 10’3d) 2200
d=37cm.

. Used=40cm

Total depth of footing =40 + 8 + 2

= 50cm.

(4.7.3)Check this depth for two way shear action (punching):

V, =P x( W)x(L)-(a+d)b+d) )
=484.3[(2.2)(2.2) — (0.40+0.40)(0.4+0.40)] = 2034.1kN.

The punching shear strength is the smallest of:

v, :é(uﬂi]\/? b,d = 05f by
v, =é£bo"‘;d +2]\/f7bod ~ 0.58y 1, bd

V., =§w/ f.'b,d —0.33y f. b,d Control

Where:
P.=a/b=40/40=1

b, = Perimeter of critical section taken at (d/2) from the loaded area
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=2{(40+40)+(40+40)} =320 cm.
a, =40 For interior column
V, = 0.33+/24(3200)(400) = 2069.3kN.
DV, <V,
0.75x2069 kN <2034 kN

1552 kN <2034 kN
NOT OK

Re-Calculate required d to satisfy punching shear

Let d=50cm in addition to about 10 cm of blinding concrete.
Vy =P x(W)x(L)-(@+d)b+d) )
=484.3[(2.2)(2.2) — (0.40+0.50)(0.40+0.50)] = 1951.7kN.

The punching shear strength is the smallest of:

v, :é(l +ﬂi]\/f7 bd = 0.5/ bd
% =é(b0“;d +2j\/ft’ bd = 063/t b,d

V., =§w/ f.'b,d —0.33y £ Byd oo Control

Where:
P.=a/b=40/40=1

b, = Perimeter of critical section taken at (d/2) from the loaded area
=2{(50+40)+(40+50)} =360 cm.

a, =40 For interior column

V, =0.33+/24(3600)(500) = 2910kN.

oV, >V, 0.75%2910 kKN > 1951.7 kN
2182.5 kN >1951.7 kN
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. OK

s
cé P
.
a+d
il
7 2 20 ¥
| <

Fig. (38): Two way shear area.

(4.7.4)Check transfer of load at base of column:

®Pn = ®(0.85fc'Ag)
®Pn = 0.7(0.85)(24)(400 x 400) = 2284.8kN < Pu =2343.8kN.

Since ®Pn<Pu.

A - Pu—®Pn _2343.8-22848 , .
Dfy 0.7*0.4

=2 ®16 < 14 20 "steel of column"

>>>Use the steel of the column in the dowels area.
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(4.7.5)Development Length (L)

400

430

But not less than:

Ldb = 0.044(400) d,=28.16 cm

Ldb= xd,=18.25d,=32.7 cm

Available Ld =50-8-(2*2+1.6//2)=37.2cm
37.2>327 OK

(4.7.6)Design for Bending Moment:

Parallel to short side of the column. § 043
L L e
Mu=| P, xW x = 8o =-2 5
2 2 2 2 ¥ NELY
22 04 22 04 o E
=|484.3x2.2x ——O— x 0.5 ——O— =1065 kN.m I D N
2 2 2 i
Mn= Y1065 s 3iNm - S o
5 \‘Nm 25 1,43 0,4 1,43 0,25
Mn 118. 1
=—= 8.33 ? =21.5Kg/cm’.
bd 220x 50
Fig(39)

1 [ 2xmxRn ] Isolated footing
p=—1- 1-———

m y

_ 1 1_\/1_2><19.6><21.5 *{fﬁm ”
SRTY: 4000 2T e
P = 0.0057 > Pmin = 0.0018 25818 L=4m 25818 L=4m E‘
}'sf{a//s/sf{{ = T e o oo & S o o o o
Req. A, =0.0057 (220) (50) = 62.7cm> oo s o s
Q.25 3,25 Q.25
Use 25 ®18
SECTION IN (F1 , C7 )
A, =63.6cm’. o
Fig(40)
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(4.7.7)Development Length (L, ):

Category A item 2

Ld= fy ax fBxyxdb
2,/ fc'

LdZ( 400 ><1><1><1><2j=81.65 cm

2424

Available Ld =90-8=82cm
82>81.65
OK.

4.8 Design of combined footing (CF19) :

4.8.1 Determine Loads & Area of footing:

use L=3m

The surface loads which come from column C 2:
D.L=335KN

L.L=183.1 KN

The factored loads is:

D. L =402 KN.

L.L =293 KN.

Total factored load = 695 KN

The surface loads which come from column C 5:
D.L =839.2 KN

L.L=295.6 KN

The factored loads is:

DL=1007 KN

L.L =473 KN.

Total factored loads = 1480 KN.

Allowable soil pressure = 400 KN/m?

0.5 *25=12.5 KN/ m%.

0.75 * 18 = 13.5 KN/m?.

Net soil pressure = 400 KN/m? -12.5 KN/m?-13.5 KN/m? =374 KN/m>.
Area (A) = Total Weight / Soil Pressure
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(D.L)+(L.L)

Area = Ga
(335)+(183.1) +(839.2) +(295.6) _ Ls5m
width = 374%3 '
Select W =2.5m
Area=3*25=7.5m?
1 1 1
i) Lo
o o~
3
Fig(41)

Combined footing

4.8.2 Determine depth based one way shear strength:
Mu = 695(0.5)-1480(0.5)=-392.5 KN.m
2175 L0- 392.5 «

1.5

o= 15 5.63 = 185.43 KN/m?
2175 Los 392.5 f1 5
o= 15 5.63 =394.6 KN/m?

DV, =<1>%\/ f'b*d = 0.75x%@x(250)x(d)x(10)=1735.1 d.

P
Poy=—"— M=290KN/m2
Area = 7.5
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S

2.0

Fig(42)
Combined footing one-way shear area

Vu = (Pnet) (one way shear area)

=(2.90 kg/ m” )(250)(77.5 - d) = 56187.5 —725d.
oV, =V, 56187.5 -725d..=1735.1d

d=22.8 cm

Total depth of footing = 22.8+ 7+1 = 30.8 cm.
Select .. h=40 cm sod=32cm
Atd=32cm Vu=329.9 kN
DV, =5552 KN > Vu=329.9 kN
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4.8.3 Check shear strength based on tow-way action(punching).

Check punching shear under column 20 at the d/2from face of column
. Vu=755KN.

The punching shear strength is the smallest of:

v, :%[Hﬁi}/?bod = 0.5/ 1, b,d

V,=—4f, b,d =033 fc,bod .............. Control

Where:

B aib=30/30=1.0.
b

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

=2{(32+30)+(32+30)} =248 cm

s =40 For edge column
100
dVe=0.75x% 0.33@(248)(32) To00)~ 1090.5KN.

®Vce >Vu 1090.5 KN >755KN ..... OK

4.8.4 Main longitudinal reinforcement at face of left column :

Shear

-696.5 -660.9
-552.6
— -268.3

| | | |
| I I I I

173.6

587.2
1079.2
Fig(43)

Shear diagram of combined footing in X-direction
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Moments

spans 1to 3

1833
293.7 313.
406.2 463.4
557.
Fig(44)
Moment diagram of combined in X-direction
My — 4634 KN m
f
m=—2 _ 400 =19.6
0.85f, 0.85*24
M . 6
R, = Ma__ 463.4x10 —~2.01Mpa
®dbd”  0.9x2500x% 320
o 1 - - 2mR,
m f,
. 1_\/1_ 2x19.6x2.01 | _ o cs
19.6 400

As req = 0.0053 *300*32 = 50.88cm”.
No . of ®20 bars = 25.3 bars

= Use 26 ® 16 (bottom reinforcement)

= The distance between bars center to center = (300-15)/21 = 14 cm.

4.8.5 Development Length (L,):

Category Aitem 2 .........ceeeennnn. ACI (12.3.2).

Ld for @ 16:
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fy J (400
—ax fxyxdb x1x1x1x1.6
L [2\/1‘ c _ 224 — 653 cm.

Available embedment = 100-25 = 75¢cm > 65.3 cm S 0K

(4.8.6)Design or reinf. In the other direction (Y):
Shear

-1775.7
-1306.9

1306.9
1775.7

Fig(45)
Shear diagram of combined footing in Y-direction

Moments: spans 1to 1

;;;;;;

Fig(46)
moment diagram of combined footing in Y-direction
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My = 1109.8 KN .m 5] g
f 400 I sels CE -
m= . = =19.6 o 8 9 3
0.85f,  0.85*24 &y B i
M . ) :
R, = Mo __LIOOBXI0" o ] e s 3|
#d”  0.9x3000x320 - #|

SECTION IN (F19, C5&C2)

S
1
3|~
7\
—_
|
—
|

[\]
- |3
SJU
N—

Y Fig(47)
p:ﬁtl_\/1_2x194(6)(>)<4.01]20.011 Combined footing
Asteq = 0.011 *300%32 = 105.6cm”. s
No . of @20 bars = 33.6 bars J;‘?:—L;TW- ?*"Q;Z's ‘ i(PaEER |
—=Use 34 @ 20 (bottom reinforcement) 000 ‘ ‘ M;‘e
—>The distance between bars center to center ’_lﬂ\ ''''' o1 111 | T
= (300-15)/33 = 8.6 cm. e e
i SECTION :Jib (F19, C54C2)

4.8.7 Development Length (L,): Fig(48)
Combined footing section

Category Aitem 2 .........ceeennnnn. ACI (12.3.2).

Ld for @ 20:

24 f'c 2@

Available embedment = (250-25)/2-7.5 = 105¢cm > 81.6 cm S OK

LdZ{ fy axﬂx}/xdeZ(ﬂxlxlxlx2J=81.6cm.
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4.9 Design of strip footing :

Weight of wall=height * thickness of wall *1m wide *yconcrete
=3.7*%0.30*2.5*1
=27.8kN/m

L.L=4 k/m

(4.9.1)Determine the footing width:

Assume the footing depth to be 40cm .

Allowable net soil pressure =400-(25*4).
=250kN/m?

Footing width =31.8.8/250=0.13 m

So select 0.7 m width strip footing.

Total load factored =39.8 kN/m.

=56.9kN /m>.

DV, = dbé\/ftlbwd = O.75x%@x(700)x(d):485.8d

Vu = (Pnet) ( w—bw

)

=56.9 * (@) =11.38 kN.

DV, =V,
485.8d=11.38
d=3cm .... Thin h=3+5+0.6+1.2)=10cm soselecth=30cm.

>>>d=23cm
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4.9.2 determine reinforcement for moment strength :

w—-bw_  w-bw

Mu = (Pnet
(Pnet) ( 5 ) ( 2 )
=56.9*%02*0.1=1.14kN.m.
4
Mu=1.14 kN .m A0 .
M
Mn=%=ﬁ=1.27kN.m = Ip!
() 0.9 s 7 =)
=
pmax = 0.0244 111 | A
fy 400 r | o
= - = =19.6 0l =1m "™
0.85%fc'  0.85%24 = =
— L N,
Mn ' ' g‘
Rn= ord? 0,23,0.15,0,40 ,0.154,2
0,23 0.70 (0,22
k 5 . .l s v
anwzo.OZkg/cm2 4 A
700 *(30)
Fig(49)
1 2mRn Strip footing section
p=—@- [1-2"0)
m fy

19.6 4000
Areq=p * b*d=0.0018 * 70 * 23 =2.9 cm?

2(19.6)(0.02
p=—q- Jl—w):o.ooooos < pmin = 0.0018 .

# Of bar = 29 =3.7 —---- select (5) bar @ 10 .
0.79

4.9.3 design of longitudinal bars :

As=p*b*d
=0.0018 * 70 * 23
=2.9 cm?

select 5O10.
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(4-10) Design of stairs:

A2 25 ABzios

— —ftr =~

EL4;€_1,‘-20

200um

A12FE2S L=190
DA EE2D L==10 A1z iees
C ~ A1 E20 r

e

AL 12

\b._'\l?;m' ARG
e AL RS mg

I=h |
""@gad A13 320 aa |

3 DAZ =S L==70
o = |

A1 FEE0 L=2.50 —

9

Section (A—A)

Fig (50) side view of the Stair

(4.10.1) Determination of Slab thickness:
L=5.10 m.
h25.10/20=0.25m=25.0 cm.

= Use h= 15 cm and limitation of deflection will considered.
= 0=tan-1(16/30) = 29.00°.
= Cos 0=0.874
Load calculation:
¢ Vertical Tiles = 0.03*25%(0.33/0.30) = 0.825 kn/m?.
¢ Horizontal Tiles = 0.03*22*(0.135/0.30) = 0.29 kn/m?.
¢ Vertical mortar = 0.02*22*(0.135/0.30) = 0.19 kn/m?.
¢ Horizontal mortar = 0.02*22%*(0.3/0.30) = 0.44 kn/m?.
¢ Plaster = (0.02*22)/ (Cos 29) = 0.5 kn/m>.
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o Steps= (100/30)*(0.5*b*h)*2.5=(100/30)*0.5*0.3*0.15%25= 0.56 kn/m?>.
¢ Slab=0.15 *25/ Cos 29 = 4.28 kn/m® .
¢ Total dead load = 0.825+0.29+0.19+0.44+0.5+0.56+4.28=7.00 kn/m>.

Live load:
Live load for stairs = 4 kn/m?

Ultimate live load = 4 kn/m?

Factored load:-

Wu =1.2%7.0 + 1.6*4.0 = 14.8 kn/m.

(4.10.2)Design of Bending:

The Following figure shows the moment envelope on the stair.

Moments: spans 1to 1

2.55 48.8 2.55

Fig (51) moment diagram of stair

Mu =48.8 kn.m.
Mnreq=Mu/0.9=48.8/0.9=54.23 kn.m.
Assume O 12 for main reinforcement:-

So,d=15-2-0.6=12.4 cm.
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) 4 fc 1.4
A = bw)(d) > —((bw)(d)........... ACI-10.5.1
S min 4(fy)( w)(d) fy( w)(d) ( )

4

4(420)

— Asmin= (100)(12.4) > %(l 00)(12.4)

Asmin=3.62> 4.13.

Asmin=4.13 cm®.

p max =7?

pb=0.85*fc' *B/FY * (600 /( 600 + FY))

b =0.0243.

pmax =0.75* pb=0.75%0.0243 = 0.0182.

As max = p max*b*d = 0.0182*%160%12.4 =36.10 cm”.

__Mn
" p-d?
_54.23%10°
" 1600 *124>

R

=.0022*10° N /mm?.

J:5.56*10‘3

~20.59

1 \/ 2%20.59 *.0022 * 1000
p=——|1-|1-
420

As req = 5.56%107%160*12.4 = 11.02 cm*

As req > As min.

Use As = 11.02 cm™

= 1® 12 @ 20 cm is satisfied but use 1P 14 @ 20 for control def.
(160/20)*1.54 = 12.32 cm?.
Use 8 bar ® 14 for 160 cm

As max > As provided > Asmin....................... OK.
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4.10.3 Development Length ( Ly ):

fy
Ld =—2—*a* g*y*db
2T B*y
Ld = 420 *¥1*1*1%1.2 = 51.44cm.
2%/ fc'

In the other direction provide shrinkage and temperature reinforcement:
As=p *b*h
=0.0018*(160)*(15)
=4.32cm?
Use ®8 @ 12 cm.
Use 9 bar for 1.0 m length

(4.10.4) Design of shear:-

The following figure shows the shear envelope of the stair.

Shear
-37.7

|

37.7

Fig (52) shear diagram of stair
Vu = 38.2 kn.
f.'"*b, *d
PR ALY
6
% % %
we= 075 @6 1600%124 _ o o

Vu=382kn < 0.5* OVc=0.5*%121.5=60.7 kn

-74 -




According to category (1)
V, £(0.50V,)

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

(4.10.5) Design of landing:-

Design of landing (#1):-

We Will Design it as one way solid slab.

Load calculations:-

Dl of Tiles =0.03*22 = 0.66 kn/m?.

DI of mortar = 0.02*22 = 0.44 kn/m?.

Dlofslab =0.20*%25 =5.0 kn/m?.

Dl of plaster = 0.02*22 = 0.44 kn/m?.

Total dead load = 0.66 + 0.44 + 5.0+ 0.44 = 6.54 kn/m.

Live load on the landing = 4 kn/m?

Reaction (factored) of the stairs on the landing = 38.2 kn/ m.

Factored Total load / m. = Factored (D.L) + Factored (L.L) + Reaction of the satire
= (1.2%6.54) + (1.6%4.0) + 38.2 = 7.84 + 6.4+38.2 = 52.5 kn/ m’.

By using ATIR software we found that the moment envelope is as the following

figure:-

Moments: spans 1to 1

-47.6 -47.6

0.7 ‘ ‘

23.8

1.65 1.65

Fig (53) moment diagram of stair landing
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Mu = 23.80kn.m
Mnreq=Mu/0.9=23.80/0.9 =26.45 kn.m.
Assume © 12 for main reinforcement:-
d=20-2-0.6 =17.4 cm.

_ Mn
" p.d?
~26.45%10°
" 1000*174°

R

=0.874N / mm?>.

1 1_\/1_2*20.59*0.874
420

] =0.00212.

As req = 0.00212*100%17.4 = 3.69 cm™

) A fc 1.4
A = bw)(d) = —(bw)(d)........... ACI-10.5.1
$ min 4(fy)( w)(d) fy( w)(d) ( )
. 24 1.4
= As min= X0, (100)(17.4) > Eo(l 00)(17.4)

As min=15.07> 5.8 cm’
A's min=5.8 cm”.
As req = (3.69) < As min=(5.8).
1.3* As req =1.3%3.69= 4.8 cm’ < As min=( 7.47 cm” ).
Use As = 4.8 cm” > As shrinkage and temperature=0.0018*100%20 = 3.6 cm”.
Use As =4.8 cm”.
= Use 10 14 @ 20 cm.
(100 /20)*1.54 = 7.7 cm?.
In the other direction provide shrinkage and temperature reinforcement:-
As=p *b*h
=0.0018*(100)*(25)

=4.5 cm?

-76 -



Use 1012 @ 25 cm?.
Asprovided =4.52 cm?>>4.5¢cm? .....ooiiiiiiiiiie

(4.10.6) Design of shear : -
The following figure shows the shear envelope of the Landing.

Shear
-86.6

86.6

Fig (54) shear diagram of stair landing
Vu = 84.2kn.
_ ¢ b, *d
- 6

ES ES £
Mo— 0.75 \/ﬂ61700 174 _ o1 1akn

Vu=84.0kn < 0.5* OVc=0.5*181.140=90.57 kn

Yo

According to category (1)
V, £(0.59V,)
No shear Reinforcement is required , So the depth of the Landing is OK.
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(4.11) Shear wall Design:

(4.11.1) General definitions:

The horizontal force on shear wall is given by:

\Y :ﬁxw

w
Where:

V=The design base shear.

W= Total seismic dead weight of the building, including the weight of all permanent
structural and nonstructural components ,such as walls, floors, roofs, and fixed
service equipment. In storage, a minimum of 25% of the floor live load must be
included.

R, =Numerical coefficient depends on the structural system. Values of R = for
concrete structure range from 4 tol12 .Take R =8.

Z=Seismic zone factor=0.2for zone 2B.

I=Importance coefficients=1.0 depending upon occupancy category.

C=Coefficient based on site coefficient (S), and period of structure (T).
1.25S

C=-"<275
T

Where S depends on the soil profile type and equals 1.0 for rock-like or stiff soil.

The period T calculated according to:

T=C.hJ"

Where: hn =Height of the structure above the base level.

C. =0.02 for all reinforced concrete buildings.
The total design base shear V is distributed over the height of the structure according

to equation:
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Where: F. =The concentrated force applied at the top of the structure.
F, =0.07TV <0.25V .

The remaining portion of the base shear is distributed over the height of the structure

including the top level n , according to the expression:

Fx = (V - Ft)Wx hx / Z:]:lwi hi
Where W Wi =Portion of W at x, i level.
hX’ hi =Height to x, i level.

The design shear at any story, & , equals the sum of the forces , F. and F. above
that story.

Horizontal shear reinforcement spacing shall not exceed:

_ AvxFyxd
Vs

Where: Vs=Vn-Vc

(s

S <3h

S

S <18" =450mm
Note: S minimum value controls

Ph(min) =0.0025 ... (ACI'11.10.9.2)

Vertical shear reinforcement spacing shall not exceed:

(4
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S <3h
S <18” =500mm

Note: S minimum value controls

pn of vertical shear reinforcement shall not be less than:
. hw
pn(min) = 0.0025 + 0.5(2.5 - I—j(ph ~0.0025)
w

AA(Min) = 0.0025 .oveeeiieeeeie e (ACI 11.10.9.4)

Center of rigidity for wall is given by:

_behy’

|
12

I=Moment of inertia.
b=Wall thickness.
h=Wall length.

(4.11.2) Calculation of loads :
w = DI*Area+LI* Area*0.25

for one floor

W1 one flor =[m*4z4.oo} +[0.22%420.00%0.25]
0.55

W o1 one loor = 448.45t0N.

W o1 ai fioor =1793.78t0N.

Wi corumn = NO. o corumn *N* A *7,

Wt coramn =29%16.5%(0.4% 0.4%2.45)
Wt corumn =187.57tON.

W, =187.57+1793.78 =1981.35ton.

total

W, =1.4*1981.35 = 2773.89ton.
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(4.11.3) Calculation of shear force on shear walls :

\Y =£><W

w

W= 2773.89 ton.

c=125<575

2/3 —

T=C.(h)"
T =0.02(20/0.3048 ft)"* =0.462

C=(1.25%1)/(0.462**)=2.1 < 2.75
Select C=2.1.

V=(0.2*%1%2.1*%2773.89) / 8§ =145.6 ton.

F X = (V - Ft)WX hx/z:=1Wi hi
F. =0.07TV.

F. =0.07*0.462*145.6=4.71 ton.

1.7
1.7

1.7

1.7

0.3 1.8 6 1.8

0.4
0.4

Fig(55) main stairs shear wall.

Floor level h, W, W, h, F. Story shear
4 16 448.45 7174.4 54.65 54.65
3 12 495.34 5944.1 43.93 98.58
2 8 495.34 3962.7 29.28 127.86
1 4 495.34 1981.3 14.64 142.5
Z:‘:I\Ni hi 19062.5
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= Moment of inertia calculations;

3 3
= gl =(0'2*(5) )*4 =8.33m*
12 12

3 3
b _o2x@ssy),, .
2 12

for the first wall:

. _bN’ (0.2*(4.3)3):1.325m4

S ) 12
3 sk 3
= bh :(4'3 (0.2) ) =0.00287m"*
12 12
. +1..,
_ latly 13254000287 0
2
l.=1, =0.664m*

for the second wall:

3 3
=00 02065

3 3
. _bh :(3.5*1(20.2) ) — 0.0023m"

S )

Lo +1,,  0.7145+0.0023
2 2

=0.358m"*

= =0.358 m*

x I y
0.664%2 =1.328 m4
0.358*2=0.717 m4

D =2.045m"
D1, =2.045+833+7.6=17.975

|
% |, = == 2083 _ o116

M, 17975
%], = 171'9975=0.106
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Ratio calculation for each wall:
% Fx=0.116 * 1835 =213 kN
% Fx =0.116 * 3913 =454 kN
% Fx=0.116 * 5748 = 667 kN
% Fx =0.116 * 81236 = 9423 kN

213 kN 213 kN
3.8m
809.4 KN.m 667 kKN 454 kN
4.3m
3677.5KN.m 1334 kN 667 KN
3.8m
8746.7 kN.m 10757 kN 9423 kN,
4.3m
55001.8 KN.m
/4

Fig(56) Moment & Shear Diagram for shear wall.

(4.11.4) Main stairs shears wall design :

Shear wall (A) design:

= Horizontal reinforcement:
=30 MPa. fc’

=400 MPa. fy

h=20 cm. Shear wall thickness.
Lw=5 m. shear wall width
hw=16.2 m. Story height.
Vu=1334 kN.
Vn=1334/0.85=1569.4 KN
d=0.8*Lw=0.8*5=4 m.
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!

fc
6

VCIZJZ_O

Vs :Vn - Vcl
=1569.4-730=839.4 kN.

An_ Vs _ 839.4kN
g, fy*d 400N/mm* *4000mm

xhxd

Ve =

x 200mm x 4000mm= 730 kN

=0.0005 m.

&=0.0025*h=0.0025*200m=0.0005 m =0.0005 m.
S,

S,=Lw/5=5m/5=1000 mm.
S,=3*h=3*20cm=600 mm.

S,=450 mm controls.

Use 2 ®10=1.58 cm’.

S,=1.58cm’ /0.0005 m=316 mm<450 mm. OK
Use @10 @ 30cm C/C.

= Vertical reinforcement:

wy

=[0.0025 +0.5(2.5 - AL
AV” [ ( Lw 82*h

~0.0025)] S, *h

S1 =5m/3=1670 mm.
81:3*0'2 m=600 mm.
S1 =450 mm. controls

16.2m_. 1.58cm?’
=0.0025 +0.5(2.5 — —0.0025)1S, *h
A=l ( 5m )(400m *20cm 15,

A, =0.00269 S, h.

Use 2 ®10=1.58 cm”
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G,=1.58 cm’/0.00054 m = 293mm<450 mm.
Use ®10 @25cm C/C.

= Design of moment:
As=( Ly /S))*2*113
As=(5m/0.4m)*2%113=0.002825m".

Zz_ ! = ! =0.047
Lw o.ssﬂ*f * Lw* h 2+0.85*0.85*30N/mm2*5m*0.2m o
1 c’
2+ As* fy 0.002825m” * 400N /mm’

Mu= CD(O.S*As*fy*LW(l-Li )
w

Mu=0.9*0.5*0.002825 m**400N/mm?*5m(1-0.047)=2423 kN.m.
Mu=8746.7-2423=6324 kN.m.

A Mu/o@ 6.324/0.9 3992mt

" fy(Lw—Cw) 400N /mm’(5m—0.6m)

Ast=3992+158=4150mm>.
Use 6032.
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