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Abstract

Structural Design and Details for the Palestinian
Central Bureau Of Statistics

Project Team

Basil Zarir Abdullah Sweity
Mohammad Abu ryan

Palestine Polytechnic University

Supervisor
Dr. Naser Abboushi

The main aim of this project is to prepare all of the structural design and executive
details of the Palestinian Central Bureau Of Statistics.

This building consists of (11) floors and it contains unlimited activities.

This building is reinforced concrete structure, and it will be designed according to ACI-
code-2008.

The project contains the structural analysis for vertical and horizontal loads and the

structural design and details for each member in the project.
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List of Abbreviations:

Ac = area of concrete section resisting shear transfer.

As = area of non-prestressed 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.
VU = factored shear force at section.

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

WU = factored load per unit area.

@ = strength reduction factor.
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4.1 Introduction

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

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

transferred between both components.

In This Project, all of design calculations for all structural members would be
made upon the structural system which was chosen in the previous chapter.

So, In This Project, there are one of slabs: flat plate slab. They would be analyzed
and designed by using finite element method of design, with aid of a computer
Program called " ATIR- Software” to find the internal forces, deflections and
moments for flat slabs, and then hand calculation would be made to find the required

steel for some members.

The design strength provided by a member, its connections to other members, and
its cross-sections in terms of flexure, and load, shear, and torsion is taken as the
nominal strength calculated in accordance with the requirements and assumptions of
ACI-code.

4.2 Factored Loads:
The factored loads on which the structural analysis and design is based for our

project members, is determined as follows:

Ou=1.2DL + 1.6L ACI - 318



4.3 Determination of Thickness:

4.3.1 Determination of Thickness for flat plate Slab:-
The structure may be exposed to different loads such as dead and live loads.
The value of the load depends on the structure type and the intended use.
The overall depth must satisfy ACI :
For the slab as shown in fig (4.1).

Fig. slab in the third floor

For flat plate with no edge beams, minimum slab thickness equal:
hmin =1n /30 = 11/30 = 0.36667m .
Deflection=L/360 =1100/360 =30.5 mm

According to ACI....... h taken less than hmin, But we want to use h=32, the
value of deflection remain at the range.
The deflection must be considered, and no punching shear occurred.
Using safe program for analysis, we take

d = h -Cover — diameter bar = 32-2-1.4= 28.6cm.

Assuming @14 mm reinforcing bars, with A S=154 mm?



4.4 Load Calculation:

Calculation of the total dead load for flat plate slab is shown in the following

table (4-1)
No. Parts of slab Calculation
1 Tiles | 0.03%23 =0.69 KN/ m.
2 Mortar | 0.03%22 = 0.66 KN/ m®.
3 Plaster | 0.02%22= 0.44 KN/ m®.
4 Sand | 0.07*16 = 1.12 KN/ m?.
5 Slab | 0.32%25 =8 KN/ m%.
6 Partition | 2.38 KN/ m?.
13.3 KN/ m?.

Calculation load:-

D.L. torar = 0.69 + 0.66 + 0.44 + 1.12 + 8 + 2.38 = 13.3 KN/ m?.

Live load = 2.5 KN/m?.
Factored dead Load = 1.2* 13.3 = 15.96 KN/m?.

Factored live Load =1.6*25= 4 KN/m>
Wu = 15.96 + 4 = 19.96 KN/m?

Check for the tow way punching shear slab on

(column c8 in third floor):-

The punching shear strength is the smallest value of the following equations:

1 4
V.=—|2+— |,/ f. Db,.d
C 12( +bj C (o]

C

VoL
3l

v, :%\/fj.bo.d

Where:

€ Column Width (b)

Column Length (a) 80

ag'd ¥ 2}/1T b,.d

=—=1.333
60




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

= 2 {(a+d) + (b+d)} = 2x {(0.60+0.28) + (0.80+0.28)} = 3.92 m.

a, =40 for interior column

1 4
V, =224 2| /T b,d=0417,/T, b d
; 12( 1.333] ¢ e ¢ e
1 40><028
v 2 |Jf. b,.d=064/f. b,d
; 12( 1.96 j
V, =%w/ f b,.d=0333f, b, d...Control

Vu =1135.175-20(0.88*1.08) =1116.17

- %w/ f. b,.d = 0.333v/24 x3.92x 0.28x 107

V, =1792.3kN.............. ®=0.75
DV, = 0.75x1792.3 = 1344.28kN
DV, >V, oo 0K

No punching shear occurred on the column



\4-5 : Designs of tow way flat slab :-
4-5-1: Designs of moment:-
4-5-1-1 Design of Reinforcement In x-Direction:-

Max(+) =135.3 kN.m  Max(-) = 265 KN.m

e Design of positive moment:
* Mu =135.3 kKN.m

me_ Y __ 420 55
0.85fc  0.85(24)

Ry - Mn _ 135 3*(10)°°
"~ bd 2 (0.9)(1)(0.286 )2

L[y f_2mRn ) 1 1_\/1_2 20 .6%1.838 ) _ 1046
m fy 20 .6 420

. 2
AS =0.0046*(1000)* (286) = 1316 mm? = ASMIiN=576 mm
. 2
ASmMin=0.0018 *1000*320 =576 mm  .......... # of bar = 1316/154= 9

=1.838 MPa

2
Select 9® 14 /m Note: area of ®14= 154 mm




* Design of negative moment:

* Mu =-265 kKN.m
o fy 40 _
0.85fc  0.85(24)
* -3
Rn=Mn __2657(10) ~ __ 3 gppa
bd 2 (0.9)(1)(0.286)

* *
L 1—\/1—2 206738 1_ 9.0095
420

(o f_zmR )
m fy 20 .6

. 2
AS =0.0095*(1000)* (286) = 2717 mm? = A'S Min =576 mm
. 2
A'S min = 0.0018 *1000*320 = 576 mm

# of bar = 2717/154= 18

4-5-1-2 Design of Reinforcement In y-Direction:-

R~ E S — W = S
[l Ll
O = i
el ﬁ

j
| = l

Max(+) =142.3 kN.m Max(-) = 300kN.m



e Design of positive moment:
* Mu = 142.3 kKN.m

o fy 40
0.85fc  0.85(24)

mn - Mn _ 142.3*(10)
“bd?  (0.9)(1)(0.286 )2

* *
c_Af;  f_2mRn ) 1 1_\/ _2*20.6*1.933 | _ o 040
m fy 20 .6 420

. 2
A'S =0.00484*(1000)* (286) = 1384 mm? > ASMin=576 mm
. 2
A'S min =0,0018 *1000*320 =576 mm
# of bar = 1384/154= 9

=1.933 MPa

2
Select 9d14 /m note: area of ®14=154 mm

e Design of negative moment:
* Mu =- 300 kN.m

me_ Y _ 420 556
0.85fc  0.85(24)
Mn 300 *(10)"

Rn = - — 4MPa
bd 2 (0.9)(1)(0.286 )2

* *
c_ A, j_2mRn ) 1 1_\/1_2 20.6*4)_ 4
m fy 20 .6 420

. 2
A'S =0.01*(1000)* (286) =3060 mm? = A 'S Min =576 mm

, 2
ASmIn=0.,0018 *1000*320 =576 mm

Note: to basic mesh in the top of y direction 9® 14 /m, But there is additional
reinforcing on the column because the moment is over , Thus we want to put 8®16@
12.5cm clc.




4.6: Design of Column:-

“— ol
o Rlanfarzrmant

+¢+ Design of Short Column(C7) in second floor:

(4.6.1) Design of longitudinal Reinforcement:

The Column is an external one.

Pu = 2400 KN
Pn =2400/ (0.65) = 3692.3 KN

+ Celumn

« Determination of Agreq:-

rg=2 %

Pn =0.8 Ag{0.85 ©) *1-T g +@y* T g3
3.692 = 0.8 *Ag {(0.85%24)* (1-0.02) + (0.02 *4 }
A = 0.46m2

Select 60*80 cm with Ag =0.48m? >Ag req -

Check Slenderness Effect:-

e |In 80cm-Dirction.
(K—IUJ <(34-12 (ﬁj S0 ACI 10-12-2
r M 2

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

R: radius of gyration =0.3 h = \/%

Lu=3.25m

M1/M2 =1

K=1, According to ACI 318-2002 (10.10.6.3) The effective
length factor( k) shall be permitted to be taken as 1.0.

Mu _gq oML ACl - (10.12 .2)
r M 2
*
17325 4354 < 22
0.3%0.8

Short column in 80 cm direction
.. Slenderness effect must not be considered



e [n 60cm-Dirction.
(K—luJ <(34-12 (mj A0 ACI 10-12-2
r M 2

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

R: radius of gyration =0.3 h = \/%

Lu=3.25m

M1/M2 =1

K=1, According to ACI 318-2002 (10.10.6.3) The effective
length factor( k) shall be permitted to be taken as 1.0.

KU gq oML ACl - (10.12 .2)
r M 2

*
1%3.25 18 9

0.3*0.6
Short column in 60 cm direction

.. Slenderness effect must not be considered

Pn =08 Ag{0.85 €) »1-" g +@y* " g3

3.692= 0.8*0.48 {(0.85*24)(1- " g)+ 420 * " g)}

r g= - 0.033, because this value is negative,this mean that the load over column

issmall . Thus, we must use r g=r min=0.01
R

Asreq= 9 Ag

Asreq = 0.01*0.48= 0.0048 m?

Use 10925 Note: As for ®25 = 491mm?

(4.6.2) Design of the Tie Reinforcement

For @ 10 mm ties :

S <16 db (longitudonal bar diameter).............c......... ACI -7.10.5.2
S < 48dt (tie bar diameter).
S < Least dimension.

S <16*2.5 =40cm
S<48*1.0 = 48cm
S< 60cm - S=40cm.

Use ®10@ 25cm ties
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4.7 Design of Isolated footing:

Once the ultimate column or load is determined, the proper footing can be designed .
The following subsections describe the analysis and design of footing

For col7 in basement (-3).

4.7.1 Load Calculation:

From Column:

Factored load =6243.37 KN
Soil weight =18 KN/m3
Soil depth =1.0 m

Column geometry 60*80 cm G

Allowable soil pressure =500 KN/m2

Pu = 6243.37KN
Cw=25*0.6*0.8*%29.37 = 352.5KN

— * *1*1 —
Sw=18%3%1*1=>54KN Fli. . Footlni in tﬁe Easement :!oor
Pu, =Pu+1.2*Cw+1.2*Sw

Pu, =6243.37+1.2*352.5+1.2*54 = 6731KN
Total service load =4821.5+352.5+54 =5228 KN

Where : Cw :Column weight Sw :Soil weight

Pu :Factored load from the column
PuT :Total load on foundation
4.7.2 Design of Footing Area:
To determine the required footing area, the total service load will be used
Allowable soil pressure =500 KN/m?
A = (Total service load / Soil Pressure Area )
= 5228 KN /500 KN/m2 = 10.46m2
Try 3.75m *3.75m Area = 14m2 > Required Area =10.46 m2
For the design of the reinforce con. member, factored load must be used:
Pu =6731 KN.

Pu 6731
AProvided

=480.8KN /m* <1.4*500 = 700KN /m’......OK

S Actual —



(4.7.3) Determine the depth of footing based on shear strength:
Assume h=hmin=75cm ... ..d =75-7-1 =67 cm

Check for one way shear strength

Critical Section at %+ d

%+d=0—275+067 1.045m

L )
VU =S *(% - (% + d)j * BFoundaIion

Vu = 480. 8*(ﬂ—1 045) *3.75 = 1496.5KN

f Ve =f -(g* fc'*b, *d)

fVc= 0.75*%* 24 *3750*670*10° =1538.5Kn

f Vc =1538.5KN >Vu =1496.5KN
. Safe

Check for two way shear action (punching):-

The punching shear strength is the smallest value of the following equations:

fv, =f %[m bicj\/?bod
fVC_f—(b/d ]rbd
fv, =f —\/7bd

Where:

Column Length (a) 80
b, = =1.33
Column Width (b) 60

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

b, =4d +2a+2b=4*0.67+2*0.8+2*0.6 =5.48m

s =40 for interior column



+bi]\/ fc'bod = E*(u é)* 24 *5480*670*10°° =5629.5Kn

1
fV,=f. 2|1
© 6( 6

c

fv, =f. L

12

(ba;d + 2}/ f.bd= %*(4.89)*@ *5480*670*10°° = 5497Kn

f Ve =f %\/ fc, b,d :%* 24 *5480*670*10°% = 4497Kn

f V. =4497Kn ..... Control

VU, =[3.75*3.75-{(0.8 + 0.67) * (0.6 + 0.67)}|*480.8 = 4336.8KN
f Ve =4497Kn >Vu, = 4336.8Kn........satisfied

4.7.4 Check transfer of load at base of column:

f.Pn=f.(0.85fc’Ag)
f .Pn = 0.65*[0.85* 24* (600 *800)]/1000 = 6364.8Kn
But Pu=6731>f.Pn=6364.8

- Dowels are required for load transfer.

In column:-

———Pn
f

Fy

731 _g792
65

AS:

AS =
420

As =1342mm?
But use the minimum reinforcement of dowels:

As .. =0.005* Ag = 0.005*600*800 = 2400mm?
Slect 8022 Note : As for @22 = 380mm?

AS, s = 2528mm* > As, = 2400mm’

Req.



In footing :-

f.Pn=f .(0.85 fc'AH/E)
Al
(A2 [375%375

AL\ 06%08
122 )

Al
f .Pn=0.65*[0.85*24*0.6*0.8*2*1000 = 12730Kn
But Pu=6731<f .Pn=12730

4.7.5 Design for Bending Moment:

At section A-A
Mu = 480.8* (1.475*3.75)*0.7375=1962Kn.m

Using Reinforced Concrete.

Mn = 1962 = 2180KN.m
0.9

6
_ Mn _ 2180x10° ) oo

n=
bd?> 3750x 6702

. fy 420
0.85* fc 0.85*24

p oLl j_2xmxRn
m fy

L1 1_\/1_2><20.6><1.29 — 0.00317
20.6 420

Asy,, =t *b*d =0.00317*3750*670 = 7965 mm’
Check As,;,
ASgyinage = 0.0018*b* h = 0.0018 * 3750 * 750 = 5062.5m"

- As=7965mm’
Select 26f 20...As,, iuq = 8164mMmM° > 7965mm?’.....0k

20.6




At section B-B:-
Mu = 480.8* (1.575*3.75) *0.7875 = 2236Kn.m

" :i 1- 1_2xmen
m fy

G Mn _ 2485x10°
bd®> 3750x 660>

o fy 40 _
0.85* fc  0.85*24

r= ﬁ{l— \/1——2 a 2(2251'52} =0.00377
ASp., =T *b*d =0.00377*3750* 660 = 9330mm’

Check As_.

ASqyiege = 0-0018* b* h = 0.0018* 3750 * 750 = 5062.5mm’
-, As = 9330mm?

Select 30f 20....AS,, ,i4eq = 9420mm’ > 9330mm?>.....ok

Mn = @ = 2485KN.m
0.9

=1.52Mpa

20.6

4.7.6 Check for Strain :

Tension =Compression
As* fy=0.85* fc*b*a
9296 *420 = 0.85*24*3750*a
a=51lmm
a 51

X=—=——
bl 0.85
67056

S

*0.003

e,=0033>0005 ... OK



e
Fig. 54-72 Details of foundation



4-8 Design of strip footing:

slak 3 ;o2
Pttt
asosort wallsd—
slak & Fa%e
= Aan

4.8.1 Load Calculation

H (slab2,3) =0.32m

H (slabl) = 0.15m

Live load = 5kn/m

Plaster = 0.44kn/m2

Weight of wall (D.L.) = height* Thickness * 1m wide * y;
=7.5*%0.3 * 25 =56.25 KN/m

From slab (2, 3) D.L = (0.32*25) +0.44= 8.44 KN/m2

From slab (1) D.L = (0.15*25) +0.44=4.19 KN/m2

L.L =5 KN/m2

Daurs) = 2x8.44x (9'35) — 84kn/m
Dy = 4-19% (9'35) — 21kn/m

D.L =84+21+56.25=161.25kn/ m

9'§5j =74.6kn/m

L.L=5><3><(

Total W= 161.25+74.6 = 235.85 KN/m



4.8.2 Determine the Footing Width:
Allowable soil pressure = 500 KN/m?

Assume footing thickness is 0.3 m.

235.85 <500

al.net —

= B=0.5m

The main reinforcement needs an enough
Distance to anchorage development length

So select 100 cm width of strip footing.

Determined of the contact pressure:

Factored loads:
qu=1.2*DL+1.6*LL
qu=1.2*161.25+1.6*74.6= 313 KN

P, 313

Peo =—— = — =313kn/m’
Area 1x1
h =300mm

d =300-75-20=205mm

V, =1x(0.35-0.205)x 313 = 45.4kn
FV = %1/ ic' b,.d = %Jﬂuoow 0.205x10°

=167.4kn
fV, >>V,

So No Shear Reinforcement

So select strip at min. thickness as 30 cm due to ACI code




4.8.3 Determine Reinforcement for Moment Strength:

M, =313x0.35x1><(0'235j =19.2kn/m
N = M, :%:21.3kn/m
09 0.9
6
K- |v|nx2 _ 21.3x10 __ 0.5Mpa
b*d? 1000 x 205
4200
0.85f,  0.85(24)
; :i(l— l_2mKn)
m fy
r :—(1 \/ —2X20'6X0'5)=o.0013
20.6 420

A S (eq) = 0.0013 (1000) (205) = 266.5 mm"

As min = */_ (bw)(d) ACI-318 (2002) m

_ m
4(420)

.14
A =——(bw)(d
s min (fy)( w)(d)

A's min= i(1000)(205) = 683mm’
(420)

Asmin=683mm° = 597.8mm°
As min for shrinkage and temperature:
A's min =0.0018*b*h

=0.0018*1000*300=540 mm"’
As,, = 683mn7’

# of bar :@:5
154

Select @14 @ 20cm c/c with As proy. = 770mm2/m.




4.8.4 Development length of main reinforcement:
12*f,

Ld = 25*\/:a.b.g.db
For ®14 bars db=1.4 cm:
Ld = 420 1x1x1x1.4>35
224
Ld =60cm
Availabel(length) = 35— 7.5 = 27.5cm < Re quiered(length) = 60cm

1

Jic

So a standard hook of (20 cm) must be used to provide LD

0.24x fyx1.4x0.7 x =20

4.8.5 Design of Secondary Bottom Reinforcement

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

=0.0018*1000*300 =540 mm ?

Select @12 @ 20 c/c with As proy. = 565 mm2/m.




\




(4.9) Design of stair:

3.45

>
<
e

(4.9.1) Determination of Slab thickness:

_ Span
min 20

20

min

Use h,, =20cm



(4.9.2) Load calculation:

Dead Load:
Tiles - (0.17 +0.35) x 0.03 x 22 C115KN/m
0.3
Morter — (0.17 +0.3) x 0.02 x 22 _07KN/m
0.3
Stair = 05x0.3x0.17x25 2 195KN/m
0.3
Concret = M =577 KN/m
cos 30
Plaster = M =0.51KN/m
cos 30

Dead Load for landing:
Concret =0.20x25=5.0KN/m

Plaster =0.02x22=0.44KN/m
Morter =0.02x22=0.44 KN/m
Tiles =0.03x22=0.66 KN/ m

Total Load:
D.Ly =10.255 KN /M
LLyy =5KN/M

D.L,lan=6.54 KN /M
LLg,lan=5KN/M



From ATIR pro.We get

load group no. 1

Dead load - Service Units:kN,meter

10.2

| sp0 |

2.7 0.75

Mu =28.5KN/M

Vu =31 KN/M

h =20 cm

Assuming @ 12 for main reinforcement-:
So,d =200-20-6 =174 mm
Take d=174 mm

(4.9.3) Design of shear:

Shear

256 268

31.
34.

Vu =31.0 KN.

fyf.

_ 0.75x+/24 x1x 0.174x10°
6

Vu =34.0 KN< @.Vc =106.23 KN.

No shear Reinforcement is required OK

fVc =106.23KN




(4.9.4) Design of Bending Moment

Moments: spans 1to 1

1.73 28.5 1.73
Mu =28.5KN.m.
Mn, :w:@:%ﬁ? KN..m
“ 09 09
d =17.4cm.
n Kn :M_nz
b-d
-3
< <SLETX10° e
1x0.174
) 2
0.85x fc'
0.85x 24

; zi(l_ /1_ 2mKnJ
m f,

o1 (1_\/1_2><20.6><1.O46):0l00256

T 206 420

As req =0.00256x1000x174 =445.44

4 fc'
As >~ (bw)(d
] min >4(fy)( w)(d)

> %(bw)(d)




S /24
min 4( 20)
507 <580
o As . =580 mm’

Asmin=580>Asreq =445.44

ASMIin =580 mm° .......... Control.

# Of Bars= @ =3.8
154

Select ®14 @ 20 c/c with As =1000/200*154 = 770 mm?

(4.9.5) Check for yielding:

=  Tension =Compression
A *fy=085*fc' *b*a
770 x 420 = 0.85* 24 *1000 * a
a=15.85mm
c= 2 18518 64mm
b, 0.85
o = 174 -18.64
° 18.64
e, =.025>0.005—— ok

*0.003

(4.9.6) Development length of the bars:

Ly = xa xbxgxd,

2./ f ¢
L, = 420 x1x1x1x1.2=52cm

‘ ZXM

L, =60cm

(4.9.7) Secondary reinforcement:

As= 1 As,, = L 770 =154mm
5 5

As =0.0018x b x h=0.0018x1000 x 200 = 360mm?

'Shrinkage

Select ®10 @ 15 c/c with A = (1000/200)*78.5 = 393 mm?2,




a1k 15an
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(4.10) Design of helical stair:

(4.10.1) Determination of Slab thickness:
Let slab thickness of stair =25 cm
Assuming @ 12 for main reinforcement-:
So, d = 250-20-6= 224 mm
(4.10.2) Load calculation:

Use load calculation of staircase

Dead laod =10.255 KN

Live load =5 KN



(4.10.3) Design of Bending Moment:

By using sap program

e In x direction:-

SAP2000 S10/11 13:57:20

330 455 520

SAPZ000 v12.0.0 - File:helical stair - Resultant M11 Diagram  (COMB1) - KN, m, C Units



M (+) =77 KN.m
. :%:£:85.6 KN..m
d =22.4 cm.

Mn

-3
K =86x107 _\ovipa

" 1x.224?

Mn

| |

Il
3
VR

(BN

|

|_\

|

N
-3
< ey
N—

Lo 1 1_\/1_2><20.6><1.7 — 0.0042
20.6 420

As req =0.0042x1000x224 =940.8 mnv
4 fc’
As . >——(bw)(d
] min 4(fy)( w)(d)
14
>——(bw)(d
fy( )(d)

A

- 4(420)
653<746.7

0 As.. =746.7 mm’

1.4
As.. (1000)(224) <~ (1000)(224)

Asmin=746.7 <Asreq =940.8

ASMIin =9408 mm°.......... Control.

# Of Bars = % =6.1
154

2
e Select ®14 @15cm note: area of ®14=154 mm




M(-) =14.6 KN.m
_ Mu_ 146

Mn,, =—=—-=16.2KN.m
09 0.9
d =22.4 cm.
n Kn :M_nz
b-d
-3
(216210 o inn
1x.224
) 2
0.85x fc'
0.85x 24

; =i(1— ’1— 2mKnJ
m f,

r _ 1 1_\/1_M —0.0007
20.6 420

r =0.0007<r Min=0.002

S0, As req=0.002x1000x224 =448 mnY
A fc’
As . >——(bw)(d
] min 4(fy)( w)(d)
1.4
>=——(bw)(d
fy( )(d)

A

- 4(420)
653<746.7

0 As.. =746.7 mm’

1.4
As.. (1000)(224) <~ (1000)(224)

As min=746.7 >As req =448

ASMIiN =746 7 mm°.......... Control.

# Of Bars = E =478
154

2
Select ®14 @ 20 cm note: area of ®14=154 mm




o Iny direction:-

SAP2000 51011 13:54:04

SAPZO00 v12,0.0 - File:helical stair - Resultant M22 Diagram  (COMB1) - KN, m, G Unils




M(+) =101 KN . m

Mn,, = Mu _ 101 =112.2KN..m
09 0.9
d =22.4 cm.
n Kn :M_nz
b-d
-3
K, = —112'2”2 — 2.24MPa .
1x.224
) 2
0.85x fc’
0.85x 24

; =i(1— ’1— 2mKnJ
m f,

r _ 1 1_\/1_M — 0.0056
20.6 420

As req =0.0056x1000x224 =1254.4 mnv

4 fc'
As . > bw)(d
A 2 (W)

> %(bw)(d)

A

- 4(420)
653<746.7

0 As. =746.7 mm’

1.4
As.. (1000)(224) <~ (1000)(224)

Asmin=746.7 <Asreq =1254.4

ASMIin =12544mm°.......... Control.

12544

# Of Bars = 8.1

2
Select ®14 @ 12 cm note: area of ®14=154 mm




M(-) =91 KN.m

M, =W _ 916110 KN.m
09 09
d =22.4 cm.
n Kn :M_nz
b-d
-3
( OLL0
1x.224
) 2
0.85x fc'
0.85x 24

; =i(1— ’1— 2mKnJ
m f,

r :i 1_\/1_M =0.005
20.6 420

As req =0.005x1000x224 =1120 mn?

4 fc'
As . > bw)(d
A 2 (W)

> %(bw)(d)

A

™" 4(420)
653 < 746.7

O As. =746.7 mm’

1.4
(1000)(224) < -~ - (1000)(224)

Asmin=746.7 <Asreq =1120

ASMin =1120 mm>.......... Control.

# Of Bars= @ =72
154

2
Select ®14@12cm note: area of ®14=154 mm




Design of torsion moment :-
®Tn>Tu (11-20)....... ACI 318 code

2A,Atf, cotq
T = —
T 2x0.475x0.000078.5x420x cot 45
" 0.2
® Tn=0.75x 156.6 =117.45 KN..m > Tu = 34.5 KN..m ( from sap program)

(11-21).......ACI 318 code

=156.6KN..m

So, no additional longitudinal reinforcement



(4.11) Design of Ramp:

R

(4.11.1) Determination of Slab thickness:

_Span
min 24

h,; =£:0.23m
24

min

Use h,, =25cm



(4.11.2) Load calculation:

Dead Load:

Concret = 25x.25 =765KN/m

cosll

Total Load:

D.L,, =7.65KN/M
LLgy =5KN/M

From ATIR pro.We get

load group no. 1

Dead load - Service Units:kN,meter

7.65 7.65 7.65
5.44 5.44 5.44
Mu =54.8KN/M
Vu =46.9 KN/M
h =25cm

Assuming @ 12 for main reinforcement-:
So, d =250-20-6 =224 mm
Take d=224 mm



(4.11.3) Design of shear:

Shear
534 68 -50.4
6.9 361 396
H - H H
36.1
39.6
504 469 cog 534
Vu =46.9 KN.
fof. xb, xd
fye— Ve XBw XY
6
3
fye 075 \/ﬂx]éx 0.224x10° _ o0 oy
Vu =46.9 KN < @.Vc =106.23 KN.
No shear Reinforcement is required.
(4.11.4) Design of Bending Moment
Moments: spans 1to 3
-54.8 -54.8
‘ 1.57, 1.57 ‘
I | I 1
N odd tos i IOi.84 '
1.03
245
45.4 45.4
| 2.18 | 3.26 | 2.72 | 2.72 | 3.26 | 2.18
Mu =54.8 KN.m.
Mn,, = w = ﬂ =60.9 KN..m
“ 09 09
d =22.4cm.
Mn

n K =
" b-d?




60.9x107°

Kn =—2=1.21Mpa .
1x0.224
- m-_ Y
0.85x fc'
420
0.85x 24

- =i(1_ Il_ZmKn]
m f,

o1 (1_\/ _2><20.6><1.21j:000297

20.6 420

As req =0.00297x1000%x224 =665.3

Asmln - \/_
. 4(fy)

> '—fy(bW)(d)

(bw)(d)

5
4(420)
653<746.6
0 As . =746.6 mm’

min —

As min=746.6>As req =665.3

ASMIN =7466 mm°.......... Control.

#Of Bars= 746.6 =6.6
113

Select ®12@15cm With As= (1000 / 150) * 113= 791 mm>.




(4.11.5) Check for yielding:

=  Tension =Compression
A *fy=0.85*fc' *b*a
1130 x 420 =0.85*24*1000 * a
a=23.3mm
c= i:—21'1 =27.1mm
b, 0.85
224 -27.1
e, =————
27.1
e, =.022 > 0.005—— ok

*0.003

(4.11.6) Secondary reinforcement:

As=%>< AS,g, :%x 913=182.6mm’

ASqyiniage = 0-0018x bx h =0.0018x 1000 x 300 = 540mm’

Select ®12@20cm with As = (1000/200)*113= 565mm?




(4. ) Design of the well:

W‘E&ﬁm

5/ water tank E{

&

& e e |
\onmEELE

(4.12.1) Select the thickness of the well = 40 cm
Assuming @ 16 for main reinforcement-:
d = 400-30-16= 354 mm



(4.12.2) Design of Bending Moment:
By STAAD pro program.-

e In x direction:-

,71-
CREREI 3
g eed

oS
E R T

o
E

Lowa b




M=206 KN.m

Mn,, :wzﬁz 229 KN..m
09 09
d =37 cm.
- K - an
b-d
-3
(2229107 ) o
1x.354
) 2
0.85x fc'
0.85x 24

. =i(1— ’1—2mK”J
m f,

Lot 1_\/1_2><20.6><1.8  0.0045
20.6 420

As req =0.004 x1000x354 =1593 mm’
A'S Min = 0,002xbxh = 0.002x1000x 400 =800 mm?
AS Min=800< As req=1593

# Of Bars = @: 7.9
201

2
Select ®16 @12 cm note: area of ®16=201 mm




o Iny direction:-

P
H-:-!q'i
it
W
:- 13
™
i
If;"
i
=|t£
:ﬁ!
4
T
:Eh
M =208 KN. m
M, = MU _ 208 _ 531kN.m
09 09
- K - an
b-d
-3
nzgikﬂgr=18MPa.
1x.354
. __fy
0.85x fc'
= 420 =20.6
0.85x24
L r




Lot 1_\/1_2><20.6><1.8  0.0045
420

As req =0.004 x1000x354 =1593 mm’

A'S min =0.0012xbxh = 0.0012x1000x 400 =480 mm?
As min =480<As req =1593

AS req = 1593 mm 2 e, Control.

# Of Bars= @ =78
201

2
Select ®16 @12 cm note: area of ®16=201 mm

(4.12.3) Design of the shear:
Vu = 188KN

dVe = 0.75% fc'b,d

dVc = 0.75 x%\/ﬂxlx 0.354 x 1000 = 216.8kn

oVe >Vu—— Ok




(4.13) Design of Shear wall (w1):
By use ETAPS program

Load Calculation :

Second————

Firgst———-

Ground— ——

Momernt

Shear Force

(4.13.1) Shear Wall Design Parameters:

fc' =24 Mpa

fy =420 Mpa

h =30cm shear wall thickness
Iw = 4.3m shear wall width
hw = 22mbuilding height



(4.13.2) Design of Horizontal Reinforcement:

Critical Section

M = 4—3 =2.15m......... control
h_W — 2 =11m
2 2

d=0.8xlw=0.8x4.3=3.44m
V, =614.47 KN
M, =7612 +614.47(4.15-2.15) =8841 KN.m

Vc1= “;C xbxd
V2

Vo =5 x0.30x3.44 =842.6 KN

Jfc'xbxd N, xd
c2 = +
4 4xL,

Assume N, =0.0

V24 x0.30x3.44 N, xd
V,, = +
4 4dx L

=1264 KN

2xN
I |+ fc u
V. = 4 fc' W[ ¢ wahj thd

c3 +
2 M, I, 10
V 2

u

|24 1,24 +0) | 030x3.44

2 8841 43
614.47 2

=431KN.........

CONTROL



s V, v, 614.47
f 0.75

A, 3883x10°°

S,  420x3.44

-431=388.3 Kn

=0.00027m

M =0.0025xb = 0.0025x% 0.3 =0.00075 m
S
4.3

[
<X _—-_— =0.86m=860mm
> 5 5

S, £3xh=3x300=0.9 m=900mm

S, - 2x A,  2x79x10°

= =0.20m= 20cm
0.00075 0.00075

Select @10 @20 cm for the reinforcement in two layers (horizontal)

(4.13.3) Design of Vertical reinforcement:

A= {0.0025 + 0.5(2.5—:'—@(%— o.ooz5ﬂ xS xh

w S, X
22\ 2x79
=10.0025+0.5( 2.5—-— —-0.0025 h
Ax { ( 4.3](20><300 ﬂxslx
22
2.5-—=-2.6...neglect
4.3 =
= A, =0.0025x § xh
-6
Q:M:O.ZOm:ZOCm ... control
0.0025x0.3
Slgl—wzﬂzl.4m=1400m
3 3

S <£3xh=3x0.3=0.9 m=90cm

Select @10 @20 cm for the reinforcement in two layers (Vertical)




(4.13.4) Shear Wall Detail:

By use ETAPS program to check the flexural use ®14@ 10cm in each
corner of shear wall

|
- a
- [k
W e il
e ]_ 1
'I.."—l—.l-—l.—l. R . =k - J-.J.—
Tuse

SECTION B-B



(4.14) Design of Basement wall:

SKN/M
11 %31
3.43 =
6.57 I
3,14
59,13KN/M 25KN/M

(4.14.1) Load Calculation:

f. = 24 Mpa

f, = 420 Mpa

Oui =18 Kn /m?

g=30°

K =0.5

g, =kxgxh

q, =18 x 6.57 x 0.5 = 59 .13 Kn/m ?
q, =kxgxh

q, =18 x3.43 x 0.5=30.87 Kn /m?
g, = P x K,

g, =5x0.5=2.5Knm °?



(4.14.2) Wall Design :

Moments: spans 1to 2

-72.6

| 1.72 1.72 | 1.88 9 1.26 |

Mu =77.9 Kn.m
Mn =77.9/0.9 =86.6kn.m
d =300 — 40 —12 = 248 mm
Mnx  86.6x10°
“b*d? 1000 x 248
me v __40 .54
0.85f,  0.85(24)

Kn

=1.4Mpa

2mKn

r :i(l— 1- )
m fy

L1 (1_\/1_2x20.6x1.4):0_0035
20.6 420

As,., =0.0035x1000x 248 =868mm’ / m

0.25,/fc’ J
o by g 0:25v24 1000248 0
fy 420

But not less than

ps o LAxbwxd * 1.4*1000* 248
" fy 420

As,;, = 723mm’ /m< As,, =868mm’/m

=827mm? /m




#of bar in on meter :@:5
154

So select ®14@20cm c/c
AS min = 0.0012xb xh
=0.0012 x1000x 300

=360 mm?% m

(4.14.3) Design of Secondary Reinforcement:
Select the greater of:

AS, ooy = 0.002*1000*300 = 600mm’ / m

#of bar inonmeter:@—5

113
So select ®12@20cm cl/c

(4.14.4) Check for Shear :

Shear

-115.171227
822 912
135
I }
I —— | |
8.4
342 32.8
e 1275
f xVc>Vn

f ><VC=O'—6751/fC’ xbxd :%\/ﬂx1000x248
f Vc=152>Vu=127.5kN

.... No Shear Reinforcement Required




Basement Wall Details:




(4.15) Design of Retaining wall:
A. At the beginning of retaining wall

.-'.'-'
p
2 L
o %
SKn/me et
!
Eﬂ A 8 wmee
SKn/ 40, T e R R “
R iR s s ejuteluyalels] 7BKNn/n2
B 2% et

(4.15.1) Load Calculation:

f. = 24 Mpa

f, = 420 Mpa
o =18 Kn /m?
g=30°

K, =0.5

a

K, =3



1- Estimation of thickness of wall:

d,
d,
g,

4,
s

ds

Live load - Servic

=k, xgxh

= 0.5x18 x8.45 = 76 Kn/m °
= k,xgxh

= 3x18 x 0.75 = 40 .5Kn / m?
= Ppr

=5x3 =15 Kn/m 2

e

s

T

-76. 169.3

-69.3

0.75

7.7

Moment diagram:

Moments: spans 1to 2

1095.7




Internal forces calculation:
Mu =1096 Kn.m
Mn =1096/0.9 =1218 Kn.m

Assume: I =0.5r . =0.5x0.02=0.01

r =0.01
fy 420
m= =
0.85f,, 0.85x24
Kn=r x(f,x(1-0.5xr xm))
Kn=0.01x(420x (1-0.5x0.01x 20.6)) = 3.77Mpa

=20.6

Kn=1™ _377
bxd

6
=,y = 1218x10° _ cegrm
\'1000x3.77

d
N = d,o +COVEr +E =620mm

select ... h.o =70cm

(4.15.2) Wall Design :

d =700-40-12 =648 mm
Mnx  1218x10°

Kn= > = > =2.9Mpa
b*d® 1000x648
f
m = y 420 20.6
0.85f, 0.85(24)
" :i(l— 1_2mKn)
m fy
oo 1 (1—\/1— 2x20.6x2.9 _ o 75
20.6 420

As,,, =0.0075x1000x 648 = 4860mm° / m



s :bexd:0.25ﬂx1000x648:1890mm2/m

m fy 420

But not less than

Ae  _ LAxbwxd ? 1.4*1000* 648
e fy 420

As,;, =1890mm*/m< As,, = 4860mm’/m

=2160mm?*/m

A 25 = 491mm’

#of bar in on meter :@—10

491

Soselect ®25@10cmc/c......... As prov. = 4910mm?z/m

(4.15.3) Design of Secondary Reinforcement:
Select the greater of:

1- As = (1/5)*As req. = (1/5)*4860= 972mm*
2—As,_ =0.0018*1000*700=1260mn7 /m

#of bar inon meter=@=10

154

Select ®14@10cm with As prov. = 1540mm?2/m. at main reinforcement layer
Select ®14@10cm with As prov. = 1540mm2/m horizontal and vertical at the other
layer




(4.15.4) Design overturning

We select the ideal shape and we design the overturning for one meter strip

q1: kanXh
d; = 0.5x18 x 9.45 = 85 Kn/m

Eq1=85x(g'ij=401 Kn /m
2

q, = k,xgxh
q, = 3x18 x1.75 = 94 .5Kn / m?

E,2 =94.5x(&)=82.7Kn /'m
2

q3:PXKp
g, = 5x3 =15 Kn/m ?
Eys =15 x1.75 = 26 .25Kn /' m

Wez Wil

173

26.29 —
§ :

943

- 401



w, =0.7x8.45 x1x 25 =147 .9Kn
W, =1x1x25 xL =(25L)Kn

W, = 18 x 8.45 X(EL —o.7j
3

we, = (101 .4L — 106 .5)Kn

W., =18 x 0.75 X(LL]
3

We, = (4.5L)Kn

Moment about point B:
*overturning moment:

M, =E, x3.15 =1263 .15 Kn .m
* s tan ding moment

M, = WW(;—L + 0.35j+ w,(0.5x L)+ E,,(0.58)
1 2
+ E,,(0.87 )+ WEI(S—L + 0.7 + ((?L - o.7jo.5n

+ WEZ(;—L X O.5j

49 3L + 51 .8 +12 5L% + 48 + 22 .8 + 67 L*?
- 176 .8L + 112 + 0.75 L?

M _ =80 .25 L? - 127 .3L + 234 .6

h = Ms ) M o = 2526
Ile
M ¢ =80 .25 L? - 127 .3L + 234 .6
80 .25 L?* — 127 .3L - 2292 = 0.0
L 127 3+ 127 3% — 4(-2292 )(80 .25
2(80 .25 )
L =6m

....... Overturning is satisfied



(4.15.5) Design against sliding:

Re action
_ >

Action

(Nominal load) 1.5

EptFe 515
Ea+ Eap

Fro =Y V.tan f

DV =W, + W, + W, + W,
150 + 147 .9 + 502 + 27
827 Kn

=Y V.tan f =827 .tan 30 = 477 .5Kn

=82 .7 + 26 .25 =109 Kn

F
EP

F. + E, = 586 .45 Kn
E, + E, = 401 Kn

Er + F¢ _ 586 .45 _ 15

E, + E, 401

(4.15.6) Design of footing

ifeleleie i g
)| :'1;
eeea
B }E%Z >
|
w0
500

945

£
H

401



p,=1.2D +1.6L
Vu =1.2(147 .9 +150 )+ 1.6(502 + 27 )
= 357 .48 + 846 .4 = 1203 .9Kn
M,=> M,
=1263 .15 (1.6)— 48 .24 (1.6)—- 23 (1.6)
96 (1.2)+ 54 (1.6)- 677 .7(1.6)
= 1022 Kn .m

exctrintisity:

M 1022 b
e= —u - = 0.9 <
v, 1023 .9 6

p 6e
S = —4 |1 - —
bt axb( aJ

1203 .9 [1_ 6x0.9

6 x1

p 6e
S, = —t |14+ 2=
b2 axb( aj

1203 .9( 6 x 0.9
= ——| 1+
6 x1

J=20.1Kn /m?

Design of bottom reinforcement at section 1-1:

"L':'_i'T'L 159 PP PG P PRI R PO

J=381 Kn /m?<s, =500 Kn /m?.0.k



381 - 20.1 381 - S,

= S, =260 .7Kn /m?

6 2
M,(S,)=> M
M = (260 .7 x1x2x0.5)+ (0.5x1x1(0.66 x120 .3)) — (43 .2 x1)
= 257 .6 Kn.m

Design at section1-1

Mu =257.6 Kn.m

Mn =257.6/0.9 =286.2 Kn.m

h=100cm

d =1000—-75-10=915mm

qo Mnx 286.2x10°

b*d* 1000x 915

m = Ty __ 420 =20.6
0.85f, 0.85(24)

=0.34Mpa

. =i(1— l_ZmKn)
m fy
r=L(1—\/1—2X20'6X0'34)=0.00082
20.6 420

As,, =0.00082x1000x 915 = 750.3mm? /m

As. = 0.25](y € bdo o.25ﬂ:21()c>oox915 _ 26682/ m

But not less than

_lA4xbwxd? 1.4*1000*915

AS .
Shin fy 420

=3050mm? / m

As,;, =3050mm*/m> As ., =750.3mm*/m

#of bar in on meter :@—5

615

So select ®28@20cmclc......... As prov. = 3075mmz/m




Design of Secondary Reinforcement:

As,. =0.0018*1000*1000 =1800mn" /m

#of bar inonmeter=@—5

380

Select ®22@20cm ................. with As prov. = 1900mm?2/m.

Design of top reinforcement at section 2-2:

From previous section (1-1), the value of
_LlAxbwxd? 1.4*1000*915

As =3050mm? /m
fy 420
Will be greater than As required and so we use
So select ®28@20cmclc......... As prov. = 3075mmz/m

Design of Secondary Reinforcement:

As. . =0.0018*1000*1000 =1800mm’ /m

#of bar inonmeter:@—S

380

Select ®22@20cm ................. with As prov.= 1900mm?/m.




Details of retaining wall:

2.85
0.70

0.10

3.30

2.00

0.10




B) atthe end of retaining wall

TeKn/n2

10BKn/m2

19Kn/me

) Load Calculation:

= 24 Mpa
f, = 420 Mpa

(4.1

fC

18 Kn /m?
=30°

g soil
q

K
K

a
p



1- Estimation of depth footing:
h=0.1H
=0.1*9.45=0.945m....... take h=1m

2- Estimation of thickness of wall:
g, = k,xgxh
q, = 0.5x18 x8.45 = 76 Kn/m ?
q, = k,xgxh
q, = 3x18 x2 =108 Kn / m?
q; = Px K,
q, = 5x3 =15 Kn/m ?

Live load - Service

7
-76. .58,
108.

6.45

Moment diagram:

Moments: spans 1to 2

0:69 ‘ -4.4

| 05 15 648.5 6.45




Internal forces calculation:
Mu =643.5 Kn.m
Mn =643.5/0.9 =715 Kn.m

Assume: I =0.5r ., =0.5x0.02=0.01

r =0.01
fy 420
m= = =
0.85f, 0.85x24
Kn=r x(f,x(1-0.5xr xm))
Kn=0.01x(420x (1-0.5x0.01x 20.6)) = 3.77Mpa

20.6

Kn=_MNX _ 347

" bxd?

6
= dreq = & =435mm
\ 1000x3.77

d
ho =d, +COver +E =487mm

select ... h.,, =50cm

(4.15.8) Wall Design :

d=500-40-12 =448 mm
Mnx  715x10°

Kn= - = - =3.5Mpa
b*d?  1000x 448
f
m=— - 20 _4
0.85f, 0.85(24)
" :i(l— l_ZmKn)
m fy
L1 (1_\/1_2><20.6><3.5):O_0092
20.6 420

As,, =0.0092x1000x 448 = 4122mm? / m



. 0.25,/fc 0.251/24 x1000x 448

As,.. xbxd = =1306mm’ /m
420
But not less than
2 * *
As, = 1.4xbwxd _ 1.4*1000* 448 _1493m? / m
fy 420
As,;, =1306mm’ /m< As,, = 4122mm’ /m
A 25 = 491mm?
#of bar in on meter :%:10
491
Soselect ®25@10cmc/c......... As prov.= 4910mmz2/m

Design of Secondary Reinforcement:
Select the greater of:
1- As = (1/5)*As req. = (1/5)*4122= 825mm*

2—As_. =0.0018*1000*500 = 900mm* / m

#of bar in on meter :@—10

113

Select ®12@10cm with As prov.= 1130mm?/m. at main reinforcement layer
Select ®12@10cm with As prov. = 1130mm2/m horizontal and vertical at the other
layer




Details of retaining wall:
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1. American Concrete Institute (A.C.I.) , Building Code Requirement for
structural concrete (ACI - 318M - 02).

2. Uniform Building Code (UBC-97).
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