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Abstract

The Structural Design of a Faculty of Artsat the University of
polytechinic Palestine

WORKING TEAM:
Mohammad jaradat Shadi Sabarna
Majdi omaria Kamel almasri

Palestine Polytechnic Univer sity

SUPERVISOR:

DR .MAHER AMMRO

Project Abstract

The idea of this project are summarized in the structural design of the Faculty of Arts at
the University of poly Palestine , which is afive-storey building housing having all
sections required for any building of the Faculty of Artsthat will include al the necessary

details of construction design area equal to 8970 square meters.

This building is consisting of 5 floors with a nice elevation, which reflecting the medical
face of the building, on the other hand , no doubt that the structural design at a same level
of importance of architecture one ,by supporting the building with a structural element
,which will be designed according to ACI-318M code.

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

structural design and details for each.
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List of Abbreviations
Ac = area of concrete section resisting shear transfer.

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

Ag = gross area of section.

Av = area of shear reinforcement within adistance (S).

At = area of oneleg of aclosed stirrup resisting tension within a(S).

b = width of compression face of member.

bw = web width, or diameter of circular section.

C. = compression resultant of concrete section.

Cs= compression resultant of compression stedl.

DL = dead |loads.

d = distance from extreme compression fiber to centroid of tension reinforcement.
Ec = modulus of elasticity of concrete.

fc = compression strength of concrete .

Fy = specified yield strength of non-prestressed reinforcement.

h = overall thickness of member.

L n = length of clear span in long direction of two- way construction, measured
face-to-face of supportsin slabs without beams and face to face of beam or other

supportsin other cases.
- LL =liveloads.
- Lw = length of wall.
- M = bending moment.
- Mu = factored moment at section.
- Mn = nominal moment.
- Pn = nominal axial load.
- Pu = factored axia load
- S= Spacing of shear or in direction parallel to longitudinal reinforcement.
- V¢ = nominal shear strength provided by concrete.

- Vn = nomina shear stress.

Xiv



- Vs=nomina shear strength provided by shear reinforcement.
- Vu = factored shear force at section.

- Wc = weight of concrete. (Kg/m?3).

- W = width of beam or rib.

- Wu = factored load per unit area.

- @ = strength reduction factor.

- & = compression strain of concrete = 0.003mm/mm.
- & = strain of tension steel.
- £~ strain of compression steel.

p =ratioof steel area.
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Chapter Four

Structural Analysis and Design

4 — 1 Introduction.

4 — 2 Factored Loads.

4 - 3 Determination of thickness.

4 — 4 Load Calculation.

4 -5 Design of Topping.

4 — 6 Design of rib (21) in the underground floor slab.
4 — 7 Design of Beam (83).

4-8 Design of column (C33).

4-9 Design of isolated footing.

4-10 Design of shear Wall.

4-11 Design of stairs.
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Chapter Four Structural Analysis and Design
4.1: Introduction

In This Project, the following types of slabs are used :one —way ribbed slab. They
would be analyzed and designed by using finite element programs such as Beam D
,Safe Sap and other to find the internal forces, moment ,and deflections for ribbed
slabs, and then hand calculation would be made to find the required reinforcement

areafor selected 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 of ( ACI_318) code.

4 .2 : Factored Loads.

The factored loads on which the structural analysis and design is based for structural
members, is determined as follows:

Ju=12DL +16L.L ACl -318-11

DL: Dead Load .
LL: Live Load .

32



Chapter Four Structural Analysis and Design
4.3 Determination of Thickness of Slabs:
4.3.1 Determination of Thickness for One Way Rib 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 Table (9.5.8):

The maximum span for one —end continuousisL=6m

L 6
= =0.325m ACI-318-11
18.5 18.5
The maximum span for one —both end continuousisL=7m
L 6.78
—=——=0.32m
21 21
Takeh=35cm.

27 cm block + 8 cm topping = 35 cm

4.4:Load Calculations:

One - way ribbed slabs.

For the one-way ribbed dlabs, the total dead load to be used in the analysis and
design is calculated as follows:

ey s ety b —

-
Hialure Bk 2 8em ] - 3

Fig. (4-1) One way rib slab
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Chapter Four

Cdculation of the total dead load for one way ribbed slab is shown in the

following table:

Structural Analysis and Design

Table (4 — 1) Calculation of the total dead load for one way rib slab.

Nominal Tota Dead L oad:

D.L. tota = 0.81 + 1.04 + 0.343 + 1.620 + 0.546 + 0.359+0.229 = 4.9 KN/m of rib
L.L. tota =5* 0.52=2.6 KN/m of rib

4.5 Design of Topping:

No. Parts of Rib Calculation
1 Rib 0.12*0.27*25 = 0.81 KN/m
2 Top Slab 0.08*0.52*25 = 1.04 KN/m
£ Plaster 0.03*0.52*22 = 0.343 KN/m
4 Block 0.27*%0.4*15 = 1.620 KN/m
5 Sand Fill 0.07*0. 52*15= 0.546 KN/m
6 Tile 0.03*0. 52*23 = 0.359 KN/m
Mortar 0.02*0. 52*22 = 0.229 KN/m
Sum=4.9
KN/m

Table (4 — 2) Caculation of the total dead load for Topping:.

34

No. | Parts of Topping Calculation
Top Slab 0.08*1*25 = 2 KN/m
Sand Fill 0.07*1*16 = 1.12 KN/m
Tile 0.03*1*23 = 0.69 KN/m
Mortar 0.02*1*22 = 0.44 KN/m
Sum =4.25
KN/m




Chapter Four Structural Analysis and Design

Design of Topping for Ribbed Slab as a Plain Concrete Section :-

Wu = (1.2 * 4.25) + (L6 * 5)
=13.1 KN/m

Topw =,
.

—> For aone meter strip Wu =13.1 KN/m

HikwE ot ¥rani—

Assume slab fixed at supported points (ribs):

*12
MU :Wu | ;
8
* 2
Mu :M: 0.175 KN.m/m
n_—"; -
fr =0.42x ./ fc'(MPa) ACI-318-05 Fig. (4-2) Toping of slab

fr = 0.42 x /24(MPa) = 2.057 MPa
=2.057* 1000 = 2057.57 KN / m?

Mn=fr*s
2 2
oo bg _100x(0.08°) | oo 105

Mn = 2057.57* 1.06x10° =2.195 KN.m

® Mn=0.55* 2.181= 1.19956 KN.m
® Mn =1.19956 KN.m > Mu = 0.175KN.m

The strength of plain concrete section > |oaded section .
The plain concrete section is safe ,However, minimum reinforcement for shrinkage

and temperature to control the cracks should be used .

p =0.0018 ACI-318-11
As=p*b* h=0.0018* 1000 * 80 = 144 mm?

\ Use® 8 @20 cm
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Chapter Four

4.6 Design of Rib (4™ F-R21):

Structural Analysis and Design

L+TLE4 ot

- i,\""f_ﬁa s"’h\!*'% !
LTI T,
h | '-.-I._ ‘| .'

1

il

T IBEFE
h

Fig. (4 - 3) Rib location in 4" floor slab.

By using ATIR program we get the envelope moment and shear force diagram as the

T |
{11 £ .
i) [ |
[ ! = m= - o= -3

|
o

LJHIBRE

follows:-
rih # 4
i k1
T '.J 1 L "J 'q i
il bl 4
e s o (T 0wy 416 v
= 3 ' ’ [T 40 -
A 53,
42,
FL )
[=]

Fig. (4 - 4) Geometry of rib (21).
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Chapter Four

Structural Analysis and Design

il:ll'!.‘l“i: Rikems 0 e ¢
443
34 N 300 A
/’r 1'\~ : 207 4, M
P ' i
A __ﬂ.au,:.ﬁ\ i S ,?.?}\_ !
Ir\i |£__,- j I '\,‘_\_-\‘I f,’ 1_i?g| \H‘a_l i i
. L [FT I 393 ™ -
A p— e - -
8. d__,-"" \‘\\. - ____.ff 1.30 i T3
S T
.2 ’
- 25 | 339 , 2.8 | 208 | 150
I T T T T T 1
Fig. (4 - 5) Moment Envelop for rib (21)-(KN.m).
ATH e
-]U.-I-f___f 274 _- o0
- - -
__‘.r"'-'f _’__.r""’f A% -
e - -
I _'_,_-f-} i ‘J-’..J i i f-f-f
T — T T T LI}
-’-ff' ;/.‘" o f.'__,.r"'f
- .-1 ’---‘J__f -_____-""J
2.3 293 i
b 323
Fig. (4 - 6) Shear Envelop for rib (21)-(KN).
lead group na. i
Caad lcad  &erviea n 1BIHH,I'I"G‘HI.'
451 *f .i.kr-
L") L g L'
5. 678 B 436
| ive ol - Rewice | v Tomzliwsz 1.0 1.0 0000
2,60 282 :.lit-
a L 3 L'J
[ L] 4.4906

Fig. (4 - 7) Loading of rib (21)-(KN/m).
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Chapter Four Structural Analysis and Design

(4.6.1) Design of flexure of rib(4" F-R21):

(4.6.1.1) Design of Negative moment of rib (GF-R21):
1) Maximum negative moment Mu © =30.6KN.m.
Mn=Mu/d= 30.6/ 0.9=34 KN.m

o _ azZo

=—= =20.6
085 f; 08524
My 306109
Ky = Bed® T 120e (31002 2.65MPa
ﬂ:ﬁil"‘ 1___2-&;!-:11:]
.L'
= 1- 12220 000678,
20.6 420

—As=p* b, *d =0.00678* 120 *310 = 252mm?°,

¢

fe 1.4
O — e ES - Q3 ES -
ASmin = 7 53 b, *d = % by, *=d ... (ACI-10.5.1)
_ Vid 1.4
=——=120+310 = — =120 =310
Geq 20 420
=108.5mm?*<124mm? ............. Larger value is control.

— ASmin =124 MMP< AS,eq = 252mn’.

~ As= 252mm?,

2 ®14=307.9 mm*> A, = 252mm?. OK.

~ Use2 d14

— Check for strain:- (g, = 0. 005)
Tension = Compression
As*fy =0.85* f'*b* a

307.9* 420=0.85* 24* 120* a

a=52.8mm.
£ = ﬂ_ = E‘ =62.1mm. * Note: f.! = 24 MPa< 28 MPa— f, = 0.85
T
£, = —* 0.003

_ 310-62.1
62.1

* 0.003 =0.012> 0.005 - =0.9 OK

38



Chapter Four Structural Analysis and Design

2) Negative Moment Mu ©= 24.6KN.m.
Mn=Mu/hp=24.6/ 0.9 =27.33 KN.m

v 420
=—= =20.6
0B85 f; 08524
_ My 2733109
Kﬂz -

Bed® T 120s (210)2 =2.3/MPa

o= 1 I:l . 1 — Zelnem :l
m Iy

1 ZeZ23Te20.6
= —_ 1-

-1 ————— =0.006.
206 420

—As=p* b, *d=0.006* 120 *310 = 223.2mm°,

e
— wh,r+d =sh, +d ... (ACI-10.5.1)
40y fy

‘qsmm =

V2 L 120+310 = ++120+310
Guag 2101 420

=100.47mm’<124mm? ............. Larger value is control.

— ASmin =124 MMP< AS.eq = 223.2mm?: As = 223.2 mn,
2 ®12 = 226.2 mm*> As=223.2 mm?®. OK. *Note: Agyz = 113 mm?.
s Use 2 P12

S

——

_‘--_\__qh‘-nn-
%%1"?:::-_
0 T
iy * P
il
B AR 20
e
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Chapter Four Structural Analysis and Design

— Check for strain:- (g, = 0. 005)
Tension = Compression
As*fy =0.85* f'*b* a

226.2* 420=0.85* 24* 120* a

a=38.8 mm.
£ = E = 222 =45.66mm. * Note: £.! = 24 MPa< 28 MPa— [, = 0.85
£, =—* 0.003

_ 310-45.66
45.66

* 0.003=0.017 > 0.005 - =0.9 OK

(4..6.1.2) Design of Positive moment of rib (4" F-R21)
d = depth - cover — diameter of stirrups— (diameter of bar/ 2)

20

=350-20-10-—=310 mm.

—Mymax = 30.2KN.m

be < Distance center to center between ribs = 520 mm............ Controlled.
< Span/4= 6780/4 = 1695mm.
< (16* t;) + by, =(16* 80) +120 =1400 mm.

- be =520 mm.

— M, =085 f =hy«t; = d—"
.08

=085%24+052+008+ 0310 ——- = 10* = 263.04 KN.m

MM = 0.9 * 263.04= 236.7 KN.m
—PMpr =236.7 KN.m > M ma= 30.2 KN.m.

* Design as rectangular section.
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Chapter Four Structural Analysis and Design

1) Maximum positive moment Mu ) =30.6 KN.m
Mn=Mu/ ¢ =30.6/ 0.9 = 31L.5KN.m.

m=-—2_=_* -»xp

T D85S 08524

My _ 315¢10%
bed® 520 (31072

i, = =0.63MPa

o= 1 I:l . 1 — Zelnem :l
m v

=— 1- 122200 =0,00152.

20.6 4210

—As=p* bg *d =0.00152 * 520 *310= 245.024 mmZ.

r

Je

ASpin= —— b, +d = Zsh, s«d ... (ACI-10.5.1)
4 () jr
=21 4120310 = 21120 %310
Gug il G20
=108.47mm?<124mm?® ............. Larger value is control.

—Asmin 124Mm°< Aseq = 245mn’.

5 As= 245 mm?.

2 ®14 = 307.87 mMM*> Aseq = 245mm?. OK. *Note: Agy4 = 153.9
mm?

4 Use2 14

— Check for strain:- (g, = 0.005)
Tension = Compression
As*fy =0.85* f'*b* a
307.87* 420=0.85* 24* 520 * a

a=12.189 mm.
== = =1434mm * Note: £/ = 24 MPa< 28 MPa— f3; = 0.85
1 L
£, = —"* 0.003

_ 286-14.34
14.34

* 0.003 =0.056> 0.005 --¢p =0.9 OK
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Chapter Four Structural Analysis and Design

2) Maximum positive moment Mu ) = 24.8 KN.m
Mn=Mu/ ¢ =24.8/0.9=27.5KN.m.

m=-—2_=_* -»xp

T D85S 08524

My _ 27.54109

Bed® T 5206 (210)2

i, = = 0.55MPa

o= 1 I:l . 1 — Zelnem :l
m v

=1 9 206 _ 0013

20.6 4210

—As=p* bg *d =0.0013 * 520 *310= 209.56 mm-.

r

Je

‘qsmm = oo bw * = 24 * bw =d . (ACI-1051)
4(fy) fv
=Y .120%310 = 21+ 120+310
Gug il G20
=108.47mm?°<124mm?............. Larger value is control.

—> ASmin 124mMmP< Ase = 209.56mm”,

“ As = 209.56mm?,

2 ®12 = 226.08 MM?> ASe = 209.56mm?. OK. *Note: A, =
113mm?.

4 Use 2 @12

— Check for strain:- (g, = 0. 005)
Tension = Compression
As*fy =085* f'*b* a
226* 420=0.85* 24* 520* a

a=38.94mm.
c =ﬁ:§+:‘:=1o.5 mm * Note: f! = 24 MPa< 28 MPa— [, = 0.85
T
£, = —* 0.003
_ 310-105

= * 0.003 =0.085> 0.005 -h =0.9 OK

10.5
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Chapter Four Structural Analysis and Design

3) Positive moment Mu ™) =20.4 KN.m
Mn=Mu/ ¢ =20.4/0.9=22.67 KN.m.

v 420

m=——-= =20.6
DES ff  DBG24
K = My _ 22.67+109 ~ 0.46MPa
o ped? 520 (31072 o
o= 1 I:l . 1 — Zelnem :l
m Iy
=— 1- 1222020 -0001L.
20.6 420

—As=p* bg *d=0.0011 * 520 *310= 177.32mm?.

r

I3
ASpin= —— b, +d = Zsh, s«d ... (ACI-10.5.1)
40fy) fv
=21 4120310 = 21120 %310
Gug il G20
=108.47mm?<124mm?® ............. Larger value is control.

—Asmin 124Mm°< Ageq = 177.32mm?.

~ As=177.32 mm?.

2 ®12 = 226.19 mMm?>> Aseq = 177.32 mm?. OK. *Note: Agyz = 113
mm?

4 Use?2 d12

s

35
£

@éme/%_/aﬁ//_le 20

g

et
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Chapter Four Structural Analysis and Design

— Check for strain:- (g, = 0. 005)
Tension = Compression
As*fy =0.85* f'*b* a
226.19* 420=0.85* 24* 520 * a
a= 8.955mm.

a _ BOSS
f 085

=10.53mm * Note: f,' = 24 MPa< 28 MPa— 5, =0.85

=

£, = —* 0.003

E.
_ 310-10.53
10.53

* 0.003 =0.085> 0.005 --¢p =0.9 OK
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Chapter Four Structural Analysis and Design

(4.6.2)Design of shear of rib (4" F-R21)
1) Vu =30.4 KN.

| R

Al
(*)VC:(*)*T* b\N*d

=0.75* L1 * 0.12* 0.310710° =22.78 KN.

]

1.1* g V.=1.1*22.78 = 25.5KN.

— Check for Cases:-

1- Casel: V< Cp:‘.

25.5_

304 < 5 - 12.75.......Not satisfy

2. Mq";’k Vi< Ve
12.52<30.4< 255......Not satisfy
3- Caselll :hV <V <B(V+Vsmin)
Provide minimum shear reinforcement
Vamn > —= f1* byrd= - = v24*0,12*0.31010°= 1L4KN,
> ~sb,*d=2+012%0310*10°=124KN................ Control.

PV=255KN <V, =304 KN <p(Vc+Vsmin) =348 KN...... satisfy
select 10 with two leges

Av=157.1 mm?

Av=lyi=d 157.1=420=310
5= = *
Vs 12.4

1072 = 1649.6 mm =164.96cm.

S s‘—z' = 219 155mm =15.5cm.

2

< 600 mm.
+ Use 2 Leg ®10@ 10Cm C/C
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4.7 : Design Of beam(B83 ) for flexure :-
4.7.1 Design of flexure of beam 83

L+ 1AR2

|

/-

L+ 1892

Fig.(4-8) Beam location in 4™ floor slab

Material :-
concrete  B300 Fc' = 24 N/mm?
Reinforcement Steel fy = 420 N/mm?
Section :-

B =80

h =60cm

According to ACI-Code-318-08, the minimum thickness of nonprestressed beams or
one way slabs unless deflections are computed as follow:
hmin for one-end continuous = L/18.5
=785/18.5 =42 cm.
The controller beam total depth is42cm.
—Select Total depth of beam h=60 cm. ( drop beam).
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Structural Analysis and Design

2 3
1 2
L - : A
—— B
0.3 7.45 0.6 7.36 - 08
: 7.E5 7.85 ’
an. !
s,
ED,
? B0
A-A
Figure (4-8) : Beam Geometry.
Dead load - Service
Dwaad Inad - Sarvice Unite: kM, mater
6.5
48 ::: ‘:: -l.::ll : 2
T.86 2] T.85 L

Live load — Service

Live load - Service

Load factors: 1.20,1.20M1.60,0,00

36,0

785

7.85 [

Figure (4-9) : Load of Beam (4" F-B83)
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Chapter Four Structural Analysis and Design
Moments: spans 1to 2

Woments: spanE Tio o

=1 (H.
AR T
A,
r -,

Z.ﬂlz.ﬂz

T 1
r\4 5 1671157 : 3
.5 | o G2
684 4 6944

3 47 | 4.7 R

Figure (4-10) : Moment Envelop for Beam (4™ F-B83)

shear

Shear

Gpg7 B985

Figure (4-11) Shear Envelop for Beam (4" F-B83)

48



Chapter Four Structural Analysis and Design

4.7.1 Design of flexure:-

4.7.1.1 Design of Positive moment:-

—Muma = 917.5 KN.m..

by =600 Cm. , h=60 Cm.

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

= 600 — 40-10— 2= 537.5 mm.

2

Crax == * d =2 * 537.5 = 230mm.
amax = B1* Cmax = 0.85* 230=195.7mm.  *Note: f' =24 MPa< 28 MPa—[3; =
0.85

M =0.85* f/*b*a* (d--)

196.7
2

=0.85* 24* 195.7* 600* (540 ) * 10°
=1063.3KN.m.

—>PMnnx = 957KN.m > Mu=917.5 KN.m.

Maximum positive moment Mu ) 694.4 KN.m .
My =0.85* £/*b* hy* (d-)
= 0.85 * 24* 800* 350* (537.5-—- ) * 10°
= 2084.88KN.m .
—@PMn; = 1876KN.m > Mu=694.4 KN.m.

— the section will be designed as rectangular section with b = 800 mm.

Mn=Mu/ ¢ =694.4/0.9=7715KN.m.

m=—_=_* -6

T OB5 [, 08524

My _ 7TLE«109
Bed® GO0« (537.5)8

K, = = 4.45 MPa

o= 1 I:l . 1 — Zelnem :l
m v

1 Z2e4.45+20.6
=1 1- 2840

20.6 4210

=0.0121

—As=p * by *d =0.0121 * 600 *537.5= 3902.3mm?.

49



Chapter Four Structural Analysis and Design

3902.3 3902.2
— = =10.6 = 7.9 bars.
As® 25 491

8 D25 = 3928 MM>> ASe = 3902 mm?. OK.

mm?>.

4 Use 8 d25

*Note: Agzs =491

L

R |

— Check for strain:- (g, = 0.005)
Tension = Compression
As*fy =0.85* f'*b* a
3928* 420=0.85* 24* 800 * a

a=101 mm.
£ = ﬁ— == =118.9mm * Note: f.! = 24 MPa< 28 MPa— [, = 0.85
j 8 =
£, = —"* 0.003

= Z715 1189+ 0,003=0.01> 0.005 ¢ =0.9 OK

1189
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Chapter Four Structural Analysis and Design

4.7.1.2 Design of negative moment:-

*Max. Negative moment Mu © =-917.5 KN.m .

MOMnNmax =957 KN.m > Mu=917.5 KN.m — Singly reinforced concrete section

Mn=Mu/® =917.5/ 0.9 = 1018.9KN.m.

m=-—2_=_*0 —5g

085 f, 08524

K = My _ 1018+10%
T hed® BODs (537.5%

=4.41 MPa

1 2eKpem
p=,01- | Fa

1 [ JII 2eq.41+20.0
20.6 : 4210

|=0.012

—As=p* bg*d=0.012 * 800 *537.5= 5160mm>.

5160 __ 5160

As@z3 4o 10.51
11 ®25 = 5401 mm® > Ase = 5160 mm*. OK. *Note: Agys =491
mm?.
& Use 11 @25
RN 1 eTRS
L) T s e

"

o

(I

= |

(_'
s
| L

01 s
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Chapter Four Structural Analysis and Design

— Check for strain:- (g, = 0.005)
Tension = Compression
As*fy =085* f'*b* a
5401* 420=0.85* 24* 800 * a

a= 139 mm.
£ = ;T = L]]:;q =163.5mm * Note: [, = 24 MPa< 28 MPa— f3, = 0.85
. e
£, = —* 0.003

=275 1%« 0,003 = 0.0068 > 0.005 ~cp =0.9 OK

1835

(4.7.2) Design of shear:-
1) Vu = 656.5KN .

hVe=c * ‘*bw d

=0.75* Y22« 6o * 537.5* 10° = 197.5 KN.
— Check For dimensions:-
hVe+( 5 Zxp* [T % by *d) = 1975+ ( 3 2% 0.75*V24 * 600* 537.5* 10°)
=197.5+790= 987.5 KN > Vu = 656.5K N.
= Dimension is big enough.
— Check For Cases:-

1- Casel: V< do_;’:

197.5_

656.5<

=08.75 .......Not satisfy.

2-Case2: %< vy < Ve

98.75< 656.5< 197.5....... Not satisfy.
3' CBSEB .q:) Vc< Vu S q:) VC + q:)VSmm

.75

O VSmin > — f' *by*d _—vz4* 600*537.5* 103 = 74 KN.

> q”*bw d= 275« 600* 537.5* 10 =80.6 KN.......... Control.
‘.‘CbVSmin = 806 KN

52



Chapter Four Structural Analysis and Design

PV, + OVSmin = 197.5+ 80.6= 278.1 KN.
BVe< Vu < dVe+ GVSmin
197.5< 656.5< 278.1.......... Not satisfy.
4-Cased Ve +dVsmin< Vy < dVe+ (2 * £ *by*d)
=278.1< 656.5 <1975+ (% *\/24 * 600 * 537.5¢10°°)

278.1<656.5<592.4.12............ Not Satisfy
5-case5: Ve + (3 * f *bu*d)< Vu < Vet PV Sma

592.4< 656.5< 197.5+790

562.4< 656.5<987.5............ Satisfy
Vs=Vn-Vc=875.3 -263.3 =612

R375

S s% = = 195mm < 600 mm.

~Use4 Leg @10 @ 10Cm C/C
2) Vu=4425KN .

I
qOVCZqD*T* b, * d

T

= 0.75* Y2* « 600* 537.5% 10° = 197.5 KN.

(=]

- Check For dimensions:-
GVC+(=*d* £ *by*d) =197.5+ ( =* 0.75*V24 * 600* 537.5* 10°)
=197.5+790= 987.5 KN > Vu = 442.5 KN.

~. Dimension is big enough

— Check For Cases:-
1- Casel: V< %.
197.5

2

442.5< =08.75 .......Not satisfy.

2-Case2: 2i< vy < Ve

98.75< 442.5< 197.5....... Not satisfy.
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Chapter Four Structural Analysis and Design

3Cae3:hV< Vy < Vet OVSmin
® VSmin > % }:?*bw*d:

.75
16

V24 * 600¥537.5* 10 = 74 KN.

.
Ny

> $xp,* d= 2% 600* 537.5* 10°=80.6 KN.......... Control.
VS min = 80.6 KN.

V¢ + PVSmin = 197.5+ 80.6= 278.1 KN.

PVe< Vu < Ve + QVSmin

197.5< 4425< 2781 .......... Not satisfy.

4-Caed Ve + VSmn< Vu < dVe+ (2 * £ * by * d)

.75

=278.1< 4425 <197.5+ (“= *v24 * 600 * 537.5*10°)
278.1< 442.5< 592.4.12............ Satisfy

Vs=Vn-Vc=875.3-263.3 =612

R375

S s% = = 195mm < 600 mm.

s Use 4 Leg @10 @ 10Cm C/C
3) Vu=407.3 KN.

I
qOVCZqD*T* b, * d

T

= 0.75* ' » 600 * 537.5* 10° = 197.5 KN.

(=]

- Check For dimensions:-
GVC+(=*d* £ *by* d) =197.5+ ( =* 0.75*V24 * 600* 537.5* 10°)
=197.5+790= 987.5> VVu = 407.3KN.

~. Dimension is big enough.
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Chapter Four Structural Analysis and Design
— Check For Cases:-

1- Casel: V< %.

- 98.75 ........Not satisfy.

5 =

407.3<

2- M%< Vi< Ve
98.75< 407.3< 197.5.......Not satisfy.

3-Case3:h V< Vy < Ve + HVShin

BVSmin > = fI*by*d=

.75
16

V24 * 600¥537.5* 10 = 74 KN.

.
L

> f,—":* by * d = %* 600* 537.5* 10°=80.6 KN.......... Control.
“VSmin = 80.6 KN.

BV + OVSmin = 197.5+ 80.6= 278.1 KN.

PV< Vy < PVe+ OVSmin

197.5< 407.3< 278.1.......... Not satisfy.

4-Caed Ve + VSmn< Vu < dVe+ (2 * £ * by * d)

.75

= 278.1< 407.3<197.5+ (= *V24 * 600* 537.5*10°)

278.1<407.3<592.4.12............ Satisfy
Vs=Vn-Vc=875.3-263.3 =612

R375

S s% = = 195mm < 600 mm.

s Use 4 Leg @10 @ 10Cm C/C

CwEltELT wlmEn
. LLTEE &Y L-19a

el L |
Eo@Es b=t |

—
—_—
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Chapter Four Structural Analysis and Design

4.8 Design of column(C33).

Select (C33) for design:
+« Loading :-

Try 65*60 cm with Ag = 3900 cm?
Take Pu=6000 KN

*Check slenderness limit:

Ku gy ppMI ACl - (10.12.2)
r M 2

M1&M2=1.0 - (braced fram with M min).

K=1.0 - (for columnsin nonsway frames).

KU 34 12%1.0=22< 40
r

Lu=3.5m.
rx=0.3 h=0.3*0.6=0.18.
ry=0.3*b=0.3*0.65=0.195

? =19.44<22.0  Short column for bending about x_axis.
X
l?'—; =17.95<22.0 Short column for bending about y_axis.

.design as concentrically loaded column:

P, =0.65x0.8x Ag{0.85 fc +r ,(f, —0.85f)}
6000 = 0.65x 0.8x 39 0.85x 24+r  (420-0.85% 24)}
r,=0.022>r min=1%-o0k

A s=0022 *650 * 600 A s=8580mm?
Select 30f 20= As, 4y = 8796.5mm’
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Chapter Four Structural Analysis and Design
*Design of the Tie Reinforcement:-

Spacing <16 x d, (Longitudinal bar.diameter) =16 x 20 = 320mm
Spacing < 48x d, (tiebar.diameter) = 48 x 10 = 480mm
Soacing < Least.dimension=400mm

&l

. Use f10@ 200mm

N 1ETD
12420 T

e T L

i e B | i85 1

3 T 2R

N 1zl
= x, =8
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4.9 Design of isolated footing of C(33):

4.9.1 Load Calculation :

Total factored load = 6000 KN.

Total servicesload = 4285 KN.

Column Dimensions = 65* 60 cm.

Soil density = 18 KN/m?®,

Allowable soil Pressure = 400 KN/m2.
Assume footing to be about (85 cm) thick.
liveload =5 KN/m2.

Ouyion = 400 KN/m?

4.9.2 Determination of Footing Area :

= L=3.27Tm

Try 3.35* 3.35 mwith area= 11.22 m* > A o = 10.71m°
Determinate g, = 6000/11.22 = 534.76 KN/m?

4.9.3 Determine the depth of footing based on shear strength:

Assumeh=85cm ..... d =850-75-14 = 761 mm

e Check for one way shear strength

Critical Section at %+d

aid= 0'—g5+ 0.761=1.086m

2
3.35
Vu =534.76* (T —-1.086)* 3.35=1055.16KN

f Ve =f .(%*\/f_c'*bw*d)

f Vc=0.75* %* \/24*3350* 0.761=1561.15KN

f Vc =1516.15KN >Vu =1055.16KN
Safe
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e Check for two way shear action (punching)
The punching shear strength is the smallest value of the following equations:

FV, =f %[u bi}/? b,d
fyv, =f —[b/d ]de
fyv, =f —\/7bd

Where:

Column Length (a
b, - gth () _65_, 1o3
Column Width (b) )

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

b, = 2(d + a) + 2(d + b) = 2(65+ 76.1) + 2(60+ 76.1) = 554.4cm

s — 40 for Middle column

fV, =f %[u bi}/ £, 'b,d =%* (1+ FZ&OJ* /24 * 5544* 0.761= 7354.76KN

fV, =f —[b - ]\/ bd_075 ( 052'161+2)*@*5544*0.761:9676.334KN

f V. =f —\/ bd—O;S* 24* 5544* 0.761=5167.18KN

f V. =5167.18KN ..... Control
Vu. = Pu-FR,

FR, =s,, *area of critical section
VU, = 6000 - [534.76* (0.65+ 0.761) * (0.6 + 0.761) | = 4973.06KN

f Vc=5167.18KN >Vu. =4973.06KN........ satisfied

59



Chapter Four Structural Analysis and Design
4.9.4 Design for Bending Moment:

1.375°

Mu=534.76* 3.35* =1693.47KN.m

Mu =1693.47 KN.m for both side
Using Reinforced Concrete.

Mn= 169347 =1881.63KN.m

_ Mn 188163x10°
bd?  3.35x0.761*

m= fy = 420 _ 20.588
0.85* fc  0.85*24

r:i 1- 1_2><m><Rn
m fy

1 1_\/1_2><20.588><O.97
20.588 420

ASge, =T *b*d=2367* 1072 * 335* 76.1=60.34 cm’
ASgyiage = 0-0018* b* h=0.0018* 335* 85 = 51.255cm?
ASgeq = 60.34> ASq, e = 51.255cm’

Select 40f 14...As,, 4y = 61.57cm* > 60.34cm?.....0k
Select 40F 14...AS, s = 6157cm? > 60.34Cm.... 0K

Kn

=0.97Mpa

r

J =2.367*10°°

Req.

Check of strain:
As*fy=085*f.*b* a
6157* 420=0.85* 24* 3350* a
a=37.84mm
2 _38%_ 44 50mm
b, 085
_ 761-44.52
s 4452
e, =0.048> 0.005

= OK

X0.003
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4.9.5 Development Length of main Reinforcement for Mul :

Ktr =0 Nostri}
ktr +cb 0+ 8
db 14
ktr +cb _

TR =25

9 42
100 1 ey

ld

Ld availanie = 1350-75= 1275mm
Ld available= 1275 mm > !d,-ﬂ.q = 345.67mimn

e not required hook

4.9.6 Design of dowels :

P,= 6000 KN
f.Pn=f.(0.85fc’'AQ)

f .Pn = 0.65*[0.85* 24* (650* 600)] /1000 = 5171.4KN
But Pu=6000KN >f .Pn=5171.4KN

Dowels are required for load transfer.
S P - 1274.76 KN

65 065

ASreg=”:;'f“=3035.1 mm2>1950mm2

Take 10f 20 =31.42cm2>30.35cm?2
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4.9.7 lIsolated Footing Detail:

Structural Analysis and Design

| Lo SR e 8
i
r
0
Logs #1CE30
Bl &
ux .
T [ N LB | T
I
0RO
I
I+
e
L= &
1, T35 ] =5 10
A0 A 111
o

nias

S

10) 135 ] 135 10

10 B D) 11
el

Figure (4-14): Isolated Footing Detail
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4.10 Design of Shear wall:

Calculation of shear force on shear walls:
From Uniform Building Code 1997 (UBC):
Z=0.3 zone"3"

R=55
1=1
Ca=0.24
Cv=024
h,=28

Ct =0.0488

Where:

Z=Seismic zone factor as given in table 16-1.

R= numerical coefficient representative of the inherent over strength and global
ductility capacity of lateral force resisting systems, as set in Table 16-N or 16-P.
| = importance factor given in table 16-K.

Ca = seismic coefficient, as set forth in Table 16-Q.

Ct = numerical coefficient given in section 1630.2.2.

Cv = seismic coefficient, as set forth in Table 16-R.

hi, hn, hx = height in feet (m) above the baseto level i , n or x, respectively.
T=-C, (hn)3/4 Eq.... 30-8 (UBC)
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By using the software (ETABS.) to Analysis the shear wall it was get result as the
following:

VU diagram MU diagram

|-1'r‘ 5407

40314 115 4204

ll

2805522

#22 5548

A4 25T

| 5348 4pa0

B2R B304 TA55. 1458
i L1 A

Figure (4-15) : Moment & Shear-Diagram for Shear Wall.

. Shear Wall Design Parameters:
fc' =24 MPa

fy =420 MPa.

h=30cm. Shear wall thickness.
L,=8.2 m Shear wall width
Hw=20.04 m Story height.
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4.10.3 Design of the Horizontal reinforcement:

I nternal forces & moments:

D Vu=828KN

Critical Section

tw_82_ 4.2m(Control )

h2 2(2) . Mu = 7855KN

W_ 2% _102m
2 2

4.10.4 Design by using Reinforced concrete:
Vu = 828 KN

Vn =Vu /0.75 = 1104 KN
. Design of shear
d=0.8*Lw =0.8*8.2=6.56m
Ve, = %* Jfc*h*d = %\/ﬂ* 0.3* 6.56 = 1606 .8KN

Jfe'*h*d N,*d +24*0.3*656 0*6.56
Ve, = + +

= = 2410 .3KN
4 4%1, 4 4+82
2* N 2*0
I [ fc' + ”J 24 +
fer " l,*h )|, h<d | /24 ( 8.2*0.3) |, 0.3*656
Ve, = > ML T T 82— 52 o - 1940 KN (Control )
vV, 2 828 2

Vn <Vcl

(—AVS'“Z”““ ) = 0.0025 * h = 0.0025 * 0.3 = 7.5* 10 “m(Control )

SZ=L?W=8200 /5 = 1640 mm

S2=3*h=3*300 =900 mm
select —— 2f 10 —— As =1.58cm2
Av

—=0.75mm
S2
i’—g = 0.75 - S2 =210 .7mm (Control )

Sdlect ... S2=15cm < Seg .= 210.7cm
S2sdlected =15cm
use... 2f 10 @ 15cm(c/ c)in 2layer
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Design of the Vertical reinforcement:

hw,  Avh
I min = (0.0025+ 05(2.5 - —)(—— — 0.0025
o = ( 525-10)Cen )Sh,
h, _204_ 25>25
L, 82
Avn = 0.0025x S, x h
S =%LW =:—13><8200= 2733.3mm

S, = 3xh=3x300=900mm
Select 2f 12Witharea As = 226mm’
226 =0.0025x S x 300

. S, = 302mm(Control )

Select S =18cm < 30cm

S=18cm

—> Select 2f 12/18cmce/c

Design of bending moment:

Mu=7855 KN.m

Assume Sn/hw = 0.007

C,=C-01xL,
C,=195-01x82=113m

c, =< =19 _ng75m
20 20

Sdect Theboundary element = 120cm > 113cm
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Chapter Four Structural Analysis and Design

Lw 8.2 ,
As = x AS, —> = —< x 226 = 10295mm
S =g <A 0.18

Z 1
Lw 2+ (0.85* b * fc* Lw* h)/(As, * Fy)

Z _ 1 _05
Lw 2+ (0.85x0.85% 24x8.2x0.3)/(10295%x 420)

Mu =0.9x Fy x 0.5x As, x wa(l_(Li/ZD =
w

0.9* 420* 0.5* 10295 x 8200 * (1— %) =11966 kN.m

Mu = 7855-11966 = —-4111kN.m

Design

As = .0025* 300* 700 = 525mm?
- Usef 10— Select — 8 10— A = 628smm?

67



Chapter Four Structural Analysis and Design

4.11 Design of stairs:
L=7.78m
hreg=778/20=38.3cm ............. take h= 40 cm.

= Use h =40cm.
0 =tan(175/ 33) = 27.1°
Cos 6 = 0.882

Figure (4-16) : Stairsplan

4.11.1 Load Calculations at section (A-A):
4.11.1.1 Load on flight:
Dead Load:

Horizontal Tiles = 0.03*23*(0.33/0.30) =0.759 KN/m.
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Vertical Tiles =0.02*23*(0.16/0.30) =0.245 KN/m.

Horizontal mortar = 0.02*22 *(0.3/0.3) = 0.44 KN/ m.
Vertical mortar = 0.02* 22 *(0.16/0.3) = 0.235 KN/ m.

Plaster = (0.03*22*1)/ (Cos 27.1) =0.748 KN/ m.
Steps =(0.16/2) * 25 =2KN/m.
Slab =0.40 *25/ Cos 27.1 =11.22 KN/ m.
Total dead load =15.94 KN/ m.
Live load:

Live load for stairs =5 KN/ m?.
Factored load
qu=1.2*15.94 + 1.6*5 = 27.13 KN/ m?.

For one meter Strip, qu = 27.13 KN/ m.

4.11.1.2 Load on landing :

Dead Load:
Tiles =0.03*23 = 0.7 kN/m’
Mortar =0.02* 22 = 0.44 kKN/m*
Slab=0.40*25 =10 KN/mz2,
Plaster = 0.02*22 = 0.44 KN/m?,
Total dead load =11.58 KN/m2.

Live load:

Live load for stairs =5 KN/ m?.
Factored load

qu =1.2*11.58+ 1.6 *5= 21.9 KN/ m*.

For one meter Strip, qu =21.9 KN/ m.
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4.11.2 Design of Shear :

=  Assume @ 14 for main reinforcement:-
So, d =400-20 -7 = 373 mm = 37.3 cm
Vu=83.17 KN.

fJf. *b,*d
fve=-Yc W -

_ 0.75*\/24*1000* 373
6

fVc=2284KN.>Vu=83.17 KN

fVc = 228.4KN

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

4.11.3 Design of Bending Moment :
The Following figure shows the Moment Envelope acting on the stair

Mu = 188 KN.m
Mn =Mu/0.9=188/0.9 =208.9 KN.m.
d=37.3 cm.

_ Mn
" b.d?

_ 208.9% 10°
" 1000* 373°

__
0.85x fc

420
m=——
0.85x24

1 2mK * *
r=—(1- - |__1 1_\/1_M _37+10°
m f, | 206 420

ASg = 3.7% 10°*100*37.3 = 13.85cm?*

K

=1.5MPa .

=20.6

As_. =0.0018* b* h = 0.0018* 100* 40 = 7.2cm?
AS = 7.2cm°< As, = 13.85 cm®
Use ® 14>>>13.85/1.53=9

Use10d 14 @ 10cmclc .............. with As =15.3cm?.
Asprovided=153> Asreg=138............c.cceinnn OK.
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Check for strain:

Tension = Compression
A * fy=0.85* fc'*b*a
1530* 420 = 0.85* 24*1000* a

a=31.5mm

X=E=E= 37mm
b, 0.85

373-37
e.=—" —

s

*0.003

e, = 0.027>> 0.005—— ok

4.11.4 Secondary reinforcement:

ASqgyiage = 0.0018x bx h = 0.0018x 100x 40 = 7.2cn7

Usedl2@15cm .....ooveennn.... With As = 7.9 cm2.
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4.11.5 Stairs at section (A-A) Details:

. . SECTION (A-A)

'\". - ——
07 48100) pr2@16(0) 610@70(0)
15 10¢

#810@710,L=1.4 (QO)

zu|
af4@f0 L=785

o
=88 073@70,L=1.90Q)

014810,1=4.8 O— oo
o,

Loty
FTRBIOL=T7.7 @L

Figure (4-17) : Stair Section
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1. American Concrete Institute (A.C.I), Building code Requirement for structural
concrete (ACI-318M-08).

. 2006
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