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Project Abstract

The main aim of this project is to prepare all of the structural

design and executive details of research center.

This project consists of fifth floors with total area (8,463 m), each
floor of the building consists of many departments with different

activities.

This building is reinforced concrete structure and composite steel-
concrete structure. The project contains the structural analysis for
vertical and horizontal loads and the structural design and details for

each member in the project.

By the end of this project, the structural elements in the building
will be designed.
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List of Abbreviations

Av = area of shear reinforcement within a distance (S).

At = area of one leg of a closed stirrup resisting tension within a distance (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 centroid 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.

M = bending moment.

Mu = factored moment at section.

Mn = nominal moment.

S = spacing of shear 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.

Wu = factored load per unit area.

F = strength reduction factor.
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. ( Building Code Requirements for Structural Concrete (ACl))

b Jpanll g Jay) fla g JalSia JSdy £ g pdial) alalY Ay gaall gal sall (1o 48 gada aladiady g
. £ 9 diall dlalSia 45085 cillahaiie anali g dule dad) gl) (5 gil) Clidal aglia e o 43l
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4.5 ( Corridors) i aall 6
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Qe (pa daaa gl ) o FLLY Saalial) vl (Wind Velocity Pressure) :q

(KN/M?) 4isa g g dasaal) i Y1 o

(M/sec ) gl Lrapanatill de yudl) : ¥

Height Above the surface. [m] 0To8 | >8To20 | >20 To 100 | >100
Wind Speed. [ m/sec] 28.3 35.8 42 45.6
Wind Velocity Pressure (q). [KN/mZ] 0.50 0.80 1.1 1.30

Table (3 - 3): Wind Velocity Pressure (q) According To the
German Code (DIN 1055-5).

b 4510 kﬂfffl‘}q—
—T ] L

Youd§ i ge1.t BNl o

#.0gm it
m o a0 §=0.8 kil od
Large Urban and Open DI LekT4 £0 dtm g=0.5 BNt

dyeme  Spybmae e dSped p
Wind wvelorily pressure gf&N /i)

) o aB) ol el dad o 7l ) A il (2-3) s

° Wind Resultant :- Cr=-07

W =Cp *q [KN/mZ]

- Wind Directi Cr=08
W—Cp *q *A [KN] Wind Direction 0

LTI

Cr=-0%

LT

Cp: External Pressure Coefficient. U]]M

A: Exposure Area. Gi=-07
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. oall e a8l gl o) dad e Ll el il (3-3) Jedl

o External Pressure Coefficient (Cp):-

Cp =+ 0.8 (pressure, Wind Ward)

Cp =- 0.5 (section, Lee Ward)

Cp =- 0.7 (section, Sideward), for ....... h/a > 0.5
Cp = - 0.5 (section Sideward), for ....... h/a<0.5

- SOV Jlaal -3

As ) gasis ol o s Al s duud ) Juaal g 5 Ay Al Juaall aal ose
Gl g ey daacaall (all) O jaa aladiady Wgta glia oy g ¢ COAN) a8 9 £1 5N a0 Leda agle
Sl araalll Aglee B gile) ja g A ¢ Jlaal) oda Jial A i die ) Al el S

LIV el Adida o duall pled) o Adadladd) g5 ghadl)

L) aliall 3-6

o Blag < Gl Al LUUAY) aliadl e ds gana (e Blle Alall gan (s
-:Jmm‘ oh@AiC)AJ‘ éﬂ@l\@\éﬁuﬁ%h\g&d\dﬁj&u\@\

. Foundations <lwlul! e
. Columns 3:sVle

. Beams _s«alle

. Slabs <latalle
. Shear walls uadll &l j2ae
. Stairs g)oYe

. Retaining Walls 4:35iay) o)) jaalle
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. Bearing Walls 4lelall o)) jaalle
System Joints 23l Jual gie

-t el B B3 g gal) AuLATY) yualinl) (yany Jakadiall 138 puida gy

i
!.

e

7
(

ALY palinll auda g aaa g (3-3) JS)

-0 (sl ) culasad) 3-6-1

gsle 5 gl Jlaa¥l qanny el 1) (o g8 S 1o 82080 ALATY) yualinl) (8 5 (o8

. cilh i Y] Lguda ja ¢y 93 ¢ Bas ¥ g ()l paadl g geuad) Fia sal) (B ALalal) ApiLady) ualind) Y

Pl La e ¢ Aadeeal) Al Al clUad) (e Jleria) daild Baae g Adlida £ 531 32019

. ( Solid Slabs ) Aicaall cilsialie
. ( Ribbed Slabs ) 4& jiall cilsialle

JLEd) a3 4 lenall cillbiial) g gig ¢ £ pdal) 134 B Cldladl) (e udad) 3sa sl |l
pralaill (A i gaw oAl g ¢ aladiaY) Aagdal able ga Le uua S Clalnd) e )68l DG
-1 815 03gd b b Lagd g ¢ ABad) J guadl) B ALy
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-2 ( Solid Slabs ) diaxaall ciaial) 3-6-1-1
“laby Opacd ) sl 138 audiyg
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Chapter 4

Structural Analysis & Design

4-1 Introduction.

4-2 Determination of Slab Thickness.
4-3 Determination of Loads for rib.
4-4 Design of Rib.

4-5 Design of Beam.

4-6 Design of Column.

4-7 Design of Footing.

4-8 Design of Stairs.

4-9 Design of Shear Wall.

4-10 Design of Basement Wall
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4.1 Introduction

The project consists of several structural elements that will be designed
according to the ACI code and by using the finite element method using much of
computer software such as “ATIR” and “STAADpro” to find the internal forces,

deflections and moments for the all structural element in order to design them.

4.2 Determination of Slab Thickness
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Figure (4-1): Third Floor Slab.
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According to ACI-Code-318-05, the minimum thickness of non-
prestressed beams or one way slabs unless deflections are computed as follow:

. L
- For one-end continuous hmin: E
625
hmin= E =33.78 cm.

- For both-end continuous hy, ;- %:
Rumin- 2= = 29.28 cm.
The minimum ribbed slab thickness will be h,,,;,,= 338 mm.

Take slab thickness h _ 350 mm > h,,;,,— 338 mm

h _ 35 cm (27 cm Hollow Block + 8 cm Topping).

4.3 Determination of Loads for rib

4.3.1. A Determination of Dead loads

Type Jbh KN/m
Topping 0.08*0.52*25 1.04
Hollow block 0.4*%0.27*10 1.08
Plaster 0.03*0.52*22 0.343
R.Crib 0.12*0.27*25 0.81
Sum 3.27
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4.3.1. B Determination of live loads

Nominal Total live load = 1.5 * 0.52 = 0.78 KN/m of rib.

4.3.1. C Determination of factored dead and live loads

Factored dead load = 1.2*Dead load = 1.2*3.27 = 3.924 KN/m.

Factored Live load = 1.6*live load = 1.6*%0.78 = 1.248 KN/m.

4.4 Design of Rib

1 2 3 4
1 2 3
05 475 08 265 08 27 0.6
o 5.3 ' ' 3.25 ' ' 3.3
I i I
4 5 6 7
4 5 6
A A
08 27 08 283 08 263 05
' ' 33 ' 3.43 ' ' 3.18 b

Figure (4-2): Rib geometry
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Loading

Load group no. 1
Dead load - Service

Units: kN, meter

3.27 307 307
5.3 1 3.25 i 3.3
3.7 3.27 3.7
33 3.43 318
Live load - Service Load factors: 1.20,1.20/1.60,0.00
A R P Y R R P Y T | b oobe v 1 |
53 325 33
A Y 7 | Ly oofs b b ) oogs b
33 343 318

Figure (4-3): loading of Rib.
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Moments:

spans Tto 6

5.8 a2 49 ; 5-5.1
M R S .
N og'a 9'HI3|I }ﬁaliwr'li 1
; 0'6 0. 06
2 0 !’-Eﬁ .6_? 27 Olﬁ_s‘ 3. W 42 &
12.3
242 3.18 | 241 144|149 181 | 165 165 | 172 172 | 191 127 |
Figure (4-4): Moment Envelop of Rib.
Shear
A5.5
y A
-29 //—/1 /"ﬂ 3.6
i | E/ V V L_//A
- 7/
10.8

11.5

Figure (4-5): Shear Envelop of Rib.
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4.4.1Topping Design

Topping in One way ribbed slab can be considered as a strip of 1 meter width and span of hollow

block length with both end fixed in the ribs.

wy = 1.2D + 1.6L

Dead Load calculations

Topping = 0.08*25 = 2 kN/m

40 ecm

Live Load calculations
1.5*%0.52 = 0.78 kN/m 12

Total Factored Load: Wu = 1.2(2) +1.6(0.78) =3.65 kKN/m

wl

_ Wuxl? _3.65%0.42
12

Mu

= 0.0487 kN.m/ m strip width
@Mn > Mu-Strength condition, where @=0.55 for plain concrete.

Mn = 0.42\/fc' Sm (ACI 22.5.1, Equation 22-2)

Where Sm for rectangular section of the slab:

Sm = % - 1°°°6*8°2 = 1066666.67 mm3

Mn = 0.42*1v24 = 1066666.67 * 1076 =2.24 KN.m

OMn = 0.55*%2.24 = 1.232 kN.m > Mu = 0.0487 kN.m

NO Reinforcement is required by analysis. According to ACI 10.5.4., provide As min for slabs

as shrinkage and temperature reinforcement.
According to AC17.12.2.1, pshrinkage = 0.0018 .

As = pbd = 0.0018*1000*80 = 144mm2 /m strip
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Try bars @8 with As = 50.27

Bar # = —+ - 2.86 bar
50.27

Use 338 mm, As = 150.8 mm?/ m strip or @8 @ 300 mm in both directions.
Step(s) is the smallest of:

1. 3h=3*80 =240 mm — Control

2. 450 mm
3. S= 380(%0)—2.5Cc =380 (Efjgo)—Z.S(ZO) =349 mm but
3
280 _ 280 | _
S <300()-2.5Cc = 300(%420) =315 mm

Take @ 8 @ 200 mm in both directions. S = 200mm < S max = 240 mm — Ok

From practical concederation, the secondary reinforcement parallel to the ribs shall be placed
in the slab and spaced at distances not more than half of the spacing’s between ribs (usually

two bars upon each width block).

4.4.2 Design for flexure
4.4.2.1 Design of rib for Positive moments
Mu=+123KN.m

Assume bar diameter @10 for main positive reinforcement:
10
d =350-20-10-(?)=315mm.

The effective flange width (bsy) is the smallest of:

a- besp < L/4 = 222= 658mm.
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b- bsr < 120+16(80) = 1400mm.
C- besp <400 + 120 = 520mm. (Control)
Take beff _520mm.

Check if > h;:

Mnf = 0.85*24*520*80%(315 -2)*10"-6 = 232.53 KN. m.

Mnf=23253>>4= 123 _ 1367 KN.m —>a< hs.
o 0.9 f

The section will be designed as rectangular section with b = 520 mm.

M, = % = 13.67 KN.m.

m=—tY_-_*20 _5560
0.85+fc’/  0.85+24
+106
Rn =M 1367407 _ § 567 MPa.

" bxd? ~ 520%(315)2

_1 2+xRn=m, _ 1 _ 2%0.267+20.6, _
p=—(1- /1— - )_m(1—\/1 222220 = 0.00064

As=p = b d =0.00064 (520) (315) = 104.5 mm? .

Check for min :

Asmin:@*bw*d > E*bw*d
4+fy fy

N 1.4
120 + 315 > 120 * 31
2420 120%315 = 50+ 120 %315

As min = 109. 88 mm?
As min = 125.6 mm?

As min = 125.6 mm? > As = 104.5 mm?
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# of bars = As/ As bar = 125.6/78.54 = 1.6 bars * Note Ae10= 78.54 mm?.

Use2 @ 10 mm As = 157.08 mm? > As, min OK

e Chick for strain :

Tension = compression

As*fy=085*/C xp=q

157.08 * 420 = 0.85 x 520 * 24 * a

a=6.22mm
c=-= =7.32mm
B1

ss=% «0.003 = 0.125>0.005 Ok

Usually, no reinforcement less than 2@10 can be used. So, for all spans with positive

moments equal or less than Mu=+12.3.m , use 2@10 for each rib span.

4.4.2.2 Design of rib for negative moments

Mu=-10.2 KN.m

Assume bar diameter @10 for main negative reinforcement:
10
d=350-20-10- (7) = 315mm.

Mn=22-1133 KN.m.

09

__fy _ 420 _
m= 0.85+fc/  0.85+24 20.60
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Mn _ 11.33x10°

~hed? T120+(315)2 =0.951 MPa.

Rn

p=,- [1-

2«*Rnsm, _ 1 2%0.905%20.6 _
- )‘m(l‘\/l‘T)‘o-OOZ?’Z

As=p = b+ d =0.00232 (120) (315) = 87.74 mm? .

Check for min :

Asmin:W*bw*d > E*bw*d
“fy fy

4

V24 1.4
12 15 >
2-a20 120+315 = 250

* 120 * 315

As min = 109.88 mm? > Asmin = 125.6 mm?
As min = 125.6 mm? > As = 87.74 mm?

# of bars = As/ As bar = 125.6/78.54 = 1.6 bars

Use 2 @ 10 mm As = 157.08 mm? > As, min

e Chick for strain :

Tension = compression

As*fy=085*/C xpxq

157.08 * 420 = 0.85 x 120 * 24 * a

a=26.95mm c:% =31.71mm

ss=% «0.003 = 0.0268 > 0.005 Ok

* Note Ao10= 78.54 mm?.

OK

Usually, no reinforcement less than 210 can be used. So, for all spans with negative

moments equal or less than Mu=-10.2.m , use 2@10 for each rib span.
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4.4.3 Design of shear for rib

The maximum shear force at the distance from the face of support Vu = -12.5 kN. Shear strength,
V¢, provided by concrete for the ribs may be taken 10% greater than that for beams. This is
mainly due to the interaction between the slab and the closely spaced ribs (ACI Code, Section
8.13.8).

Vu =-12.5 kN

120%315
1000

Ve = 1.1%(0.17)*/ fc'* bw*d = 1.1*(0.17)* V24* =34.63 kN.

@Vec =0.75*34.63 = 25.97kN

1
E@Vc =12.99 >Vu=12.5 Ok

So, No shear reinforcement is provided.
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4.5 Design of Beam

Figure (4-6): Beam Plan
4.5.1. A Determination of Dead load for beam
O.W = 24*0.6*0.35 =5.04 kN/m
From Rib 16: D.L = 11.5/0.52 = 22.1 kN/m

From Rib 17: D.L = 11.43/0.52 = 21.98 kN/m

4.5.1. B Determination Live loads for beam
From Rib 16: L.L = 3.1/0.52 = 5.96 kN/m

From Rib 17: L.L = 3.1/0.52 = 5.96 kN/m



1 2 3
1 2
— A S A :]
.0'5| 5.65 | 0.6 . 5.78 IIJSEI
I T 52 T T 525 T 1
I I I
35
60.
A-A
Figure (4-7): Beam Geometry
load group no. 1
Dead load - Service Units:kN,meter
220 22.1
54 E04
6.2 6.25

Live load - Service

Load factors: 1.20,1.20/1.60,0.00

A Y ™ | Y ™
6.2 6.25

Figure (4-8): Load of beam
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Moment/Shear Envelope (Factored) Units: kN.meter

Moments: spans 110 2

-203.7
-156.7 -156.3
, 1.81.78 |
I | 1
L i i l 1 |
' , 1.39/1.38 , !
24, I I 1 7.3
121.5 1251
2.48 3.72 3.75 2.5 |

Figure (4-9): Moment Envelop for Beam

Ehear Envelope (Factored) Units:kN,meter

Shear

-163.
-138.2

-102.7
-83.1

78.4
101.1

139.4
164.2

Figure (4-10): Shear Envelop for Beam
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4.5.2 Design for flexure

4.5.2.1 Design of beam for Positive moments
Assume bar diameter = ¢20:

d =350-40-10- (5) = 290 mm.

Mu =+ 125.1 KN.m:

3

0
cmax =7d = 3% =125.14 mm

a=085C =0.85+125.14 = 106.37 mm.

d®Mnmax = ©0.85fc xaxb(d — a/2)

0.82*0.85 *24*106.37*600*(290 -106.37/2)*10"-6 = 254.96 KN.m > Mu = 125.1 KN.m -ok.
Design as singly reinforced concrete section.

Mn = Mu/0.9= 125.1/0.9 = 139 KN.m.

Mn 139 « 10°

R = =
= bxdZ” 600+2902

= 1.81 Mpa

__fy _ 420 _
m= 0.85+fc/  0.85+24 20.60

1 2xRnx 1 2x1.81%20.6

As=p = b d =0.0045 (600) (292) = 788.4 mm? .
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Check for min :

Asmin:@*bw*d > H>|<bW>|<d
4+fy fy

V24 1.4

600 * 292 > 600 * 292
4-420 O°° 420 OO °

As min = 510.90 mm?
As min = 584 mm?

As = 788.4 mm? > As min = 584 mm?

# of bars = As/ As bar = 788.4/314.2 = 4 bars * Note Ae20= 314.2 mm?

Use 4 @ 20 mm As = 1256.6 mm? > As, min OK

e Chick for strain :

Tension = compression

As*fy=085*/C xpxq

1256.6 * 420 = 0.85 * 600 * 24 * a
a=52.38 mm

c== =61.62 mm
B1

ss=% «0.003 =0.0112>0.005 Ok

Check for bars spacing:
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S= (600 —40%2-2%10 —4%20)/3 = 140 mm > 25mm - OK.

4.5.2.2 Design of beam for Negative moments
Assume bar diameter ¢20:

20
d=350-40-10- () = 290 mm.

Mu = —-156.7 KN.m:

3

0
cmax =7d = 3% =125.14 mm

a =085C = 0.85%125.14 = 106.37 mm.

d®Mnmax = ©0.85fc xaxb(d — a/2)
0.82*0.85 *24*106.37*600*(290 -106.37/2)*10™-6 = 254.96 KN.m > Mu = 156.7 KN.m —ok.

Design as singly reinforced concrete section.

M —Mu—156'7—17411KN
"=09 09 %™ -
R — Mn _174.11*106_340M
= b dZ” 600x2902 0P
m=—tY _-_*20 _5560

T 0.85+fc/ 0.85%24

_1 [ 2+Rnxm, _ 1 2+3.40%20.6, _
p—;(l— 1- fy )_ﬁ(l_ 1_To)_0'0089

As =p = b *d = 0.0089 (600) (292) = 1559.3 mm? .
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Check for min :

Asmin:‘/f_u*bw*d > ﬂ*bw*d
4+fy fy

V24 1.4
600 290 >
4-420 2°F = 420

* 600 *x 290

As min = 510.90 mm?
As min = 584 mm?

As = 1559.3 mm? > As min = 584 mm?

# of bars = As/ As bar = 1559.3/314.2 =5 bars * Note Ag20= 314.2 mm?

Use 6 @ 20 mm As = 1884.96 mm? > As, min OK

e Chick for strain :

Tension = compression

As*fy=085*/C xpxq

1884.96 * 420 = 0.85 * 600 * 24 x a
a =64.68 mm

c== =76.0 mm
B1

£ :% «0.003 = 0.0085 > 0.005 Ok

Check for bars spacing:
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S= [600 — (40 x2)-(2%10) — (6%20)]/5 = 76 mm > 25mm — OK.

4.5.3 Design of shear for beam

Vu =+ 139.4 KN :

Critical section at distance d =290 mm from the face of support. Vu max = 139.4 kN.
Ve =017« /fc’ « bwxd = 0.17 = V24 * 600 = 292 = 145.91 kN

@Vec =0.75%145.91 =109.43 kN <Vu

Check for section dimensions:

Vu 139.4

Vs=——Vc= ——-—145.91 = 39.96 kN
] 0.75

Vs max == \/fc «bw «d = 24 + 600 + 292 + 10~3 = 572.20 kN
Vs =39.96 < Vs max = 572.20
The section is large enough.
Find the maximum stirrups spacing
s 1 7 _1 —
Vs —3w/fc *bwx*xd = 3\/24-* 600 290 = 286.10 kN

Vs =39.96 < Vs’ =286.10 KN then

= Zzﬂ = 145 mm — Control

N &

S max < 600 mm, S max <

Check for Vsmin :-

. 1 bw=x
Av, min=—,/fc’ 2" but not less than
16 fyt
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in=1,bws 1 =5 1
Av, min == * Control (16,/fc —16<3)

fyt

Wik

Vs, min=—/fc’ s bw + d = —-v24 % 600 + 292 + 10~ = 53.64 KN
Vs, min=Zxbwxd = 3+ 600 292 « 10~ = 58.40 KN — conrol

Ve <Vu < (vc+ Vs, min)

0.75*%145.91 = 109.43 < 139.4 < 0.75(145.91+58.4) = 153.23 -0k

Take Av = 2010 = 2 78.5 = 157.1 mm2

Av/S = Vs /fy x d

157.1/S = 39.96 /(292 * 420) - S = 482 mm.
S =482mm < 292/2 =146 mm -not ok.

Select S = 15cm

Use ®10 (2 legs) @ 15 cm.
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4-6 Design of column (C82)

f¢ = 24 Mpa
P, = 2200 KN
P, = 715KN

P, = 1.2P, + 1.6P, = 1.2 X 2200 + 1.6 x 715 = 3784KN

3784

Pu
P, =—=—— =05821.5KN .. = 0.65 — [
" =% =068 5821.5 use ¢ = 0.65 — for tied column

Assume rectangular section with:
Usep=15%
B, =0.85(0.85 X f; (A, — Asr) + Asr|f;])

Ast = .015 = Ag

Use 0.85 for tied column
5821.5 x 10° = 0.85 X (0.85 x 24 x (A, — 0.0154,) + [. 0154, * 420])
Ay, = 259483.2 mm?

Use 0.6 x 0.5 m?* with A; = 300000 mm? > Ay requirea = 259483.2 mm?

1) Check for Slenderness :
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K x1, M,
s34—12(ﬁ)s40

2

M
(#) = 1— for braced frame with M,,;,.
2

l,: Actual unsupported (unbraced) length.
r:radius of gyration of its cross section = 0.3 h
l, =4m

K = 1.0 — for columns in nonsway frame.

a) In 50 cm - Dirction:

K xl,

<34-12x1.0=22<40

Kxl, 1x4

= = 26.7 > 22
r.  03x05

~ long Column for bending about X — axis.
b) In 60 cm - Dirction:

Kxl,

<34-12x1.0=22<40

K x 1, 1x4

= =22.22<22
0.3x0.6 <

Ty

=~ short Column for bending about Y — axis.

- long Column in one direction

2) Calculate the minimum eccentricity ey, and the minimum moment M,,;,:
About x- axis

emin = 15 + 0.03xh = 15 + 0.03 X 500 = 30 mm
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P, =3784 KN

Mpin = By, X ein = 3784 .03 = 113.52 KN.m

3) Compute EI:

E. X1
El =04 ——9
1+ﬁdns

E, = 4750 x \/f. = 4750 x v/24 = 23270.15 MPa

1.2 X DL _ 1.2><2200_O69
p, 3784

Bans =

_b><h3_500><6003

I =9x 10° 4
p v v 9 0° mm
El = 0.4 23270.15 x 9 49569.6 KN.m?
=04 X — = . .
1+ 0.69 m

4) Determine the Euler buckling load, P, :

p _ TEXEl _mPX495696 . .
CT(Kx1)?  (1x4)?2

5) Calculate the moment magnifier factor 8, :

M
Cm=0.6+0.4><ﬁ1=0.6+0.4><1=1.0
2

5, = Cm = L =12>1
S P 3784 47

—_u —
0.75xP. 1~ 0.75x30577

<14 - 0K
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— The magnifid eccentricity and moment:

ey = emin X O0ps = 30X 1.2=36mm

M, = 6ps XM, =1.2%x113.5 =136.2KN.m

= where My, = My,ip, = B, * eppin = 3784 30 = 113.5 KN.m

The magnifid moment are less than (1.4 X 113.5 = 158.9), are required

by — ACI — Code Section 10.10.2.1.

6) Select the column reinforcement from Interaction Diagram :
About x — axis

a) Compute the ratio e/h:

b) Compute the ratio y:

d—d 500—2x40—2x10—20
h 500

Assume @20 for bars:y =

¢) Use interaction diagram A — 9a and A — 9b
selected dimention: h = 500 mm ,b = 600 mm.

assum p = 0.015

OP,
aty = 0.75 .o euv .. —— = 2.18 Ksi
AQ
)
aty =0.9 ... o..—= = 2.26 Ksi
AQ
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, , 0P, .
by interpolation y = 0.76 .... ... = 2.185 Ksi
g

@ * Pnx = 2.185 % 0.145 * 600 * 500 = 4.52 MN

@ x Pn = 4520KN > Pu = 3784 KN — Safe

7) Select the reinforcement:

Ast = pg X Ag = 0.015 X 600 x 500 = 4500 mm? ... ... Use 14 0 20

Design of the Tie Reinforcement :
S <16d,(longitudonal bar diameter) - 16 X 20 = 320 mm

S < 48d, (tie bar diameter) —» 48 X 10 = 480 mm

S < Least dimension.— Least dim.= 500 mm

Use 710 @ 20 cm.
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4-7 Design of Footing

4-7-1 Isolated Footing (F80)

P, = 1173N
P, = 1969KN

Column Dimensions = a x b = (40 * 60) cm
Allowble bearing capacity = qgy; = 350 KN /m?
4-7-1-1 Area of Footing:

Soil Density = 17 KN /m?

Assume h = 60 cm

Gati-net = 350 — 0.6 * 17 — 0.6 * 25 = 324.8KN /m?

Py+P, 1524
qall-net 324.8

4.7 m?

Area =

Assume rectangular footing a = 2.4

0.95

0.70

Mo}
Selecta = 2.4 m ]
. asg |1
b=22m T T
-5.45 EE
- L]
4-7-1-2 Depth of footing: —
Assume h = 60 cm 621 % S
?} 2.30

s
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Fig. (4.25): Footing- F8. l\_‘ }
E

Tributary area for
/ one-way shear

4-7-1-3 A Check one-way shear: N
y Inclined crack/ | | !
Critical section for _ |
~ Pu ~ 1969 ~ 372 9 KN , one-way shear \i
Qi = grea ~ 528 ' /m

d =600—-75-10=515mm

a B
Vu=Quzt*b*(§—§—d)

22 0.4
= 372.9 % 2.4 % (7 - 0.515)

One-way shear.

= 344.6 KN

VI

oV, =0.75 * G

b, d

4
= 0.75 = * 2400 * 515 %10 ~3 = 756.9 KN

V, =344.6 << ¢ *V. = 7569 —OK

4-7-1-3 B Check two-way shear:

Tributary area for
two-way shear

Critical section
d _ 515 for two-way shear ™

=—= 257.5 mm

Vi, =qu*(A—(0.6+d)*(04+d)

Two-wav shear.



V, =372.9 % (24 % 2.2 — (0.6 + 0.515) * (0.4 + 0.515))

=1588.4 KN

«g= 40 for interior column

060

c=04 =15

b, = (2+1.115) + (2 * 0.915) = 4.06

According to ACI, V, shall be the smallest of:

2\ 2\ 24
VC=<1+—)* fcbod=<1+—>* % 4.06 * 515 = 3983.5 KN
5.) 6 15/ 6

Ve =(22+2) gbod = (=2 +2) %* 4.06 * 515 = 4332.8KN
— Control

7 m
v, = ‘/3_Cbod = =5+ 406515 = 34144 KN

Vv, =1588.4 KN < & *V, = 3249.6 KN

—h=60cmis OK.

4-7-1-4 A Design of Bending moment: Y direction

a B 2.2 04
FRu = qult*b*(5—5> = 3729*24*(7—7) = 805.5 KN

0.9
Mu = 805.5 *7 =362.5KN.m

Mn = Mu /¢ = 362.5/0.9 = 402.8 KN.m
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fy __ %20 _ 556

T 085f]  0.85%24

_ My _ 402.8+10°
bxd2  2400x (515)2

1 2%Rp*
p=—(1- /1—Tm)

=L<1 _ \/1 _ 2*0.633*20.6) — 0.0015
20.6 420

Asreq = pbd = 0.0015 * 2400 * 515 = 1892.7 mm?

R, = 0.633 MPa

Check for Agmin

Ag min = 0.0018 % 2400 = 515 = 2224.8 mm

Agreq = 1892.7mm? < Agpin = 2224.8 mm? ... OK
 Agmin = 2224.8 mm?

Select 31910 with Agpy, = 2434.7 mm? > Ageq = 2224.8 mm? ....OK

4-7-1-4 B Design of Bending moment: X direction

a B 24 0.6
FRu = Qult*b*(E_E> = 372-9*2.2*(7—7) = 738.3 KN

0.9
M, = 738.3 * - = 332.3KN.m

Mn = Mu /$ = 332.3/0.9 =369.2KN.m

fy 420

=2 =20.6
0.85 f; 0.85%24

m

73



_ My _ 369.2¢10°
bxd2  2200x (515)2

1 2%Rp*
p=—(1- /1—Tm)

=L<1 _ \/1 _M) = 0.0015
20.6 420

Agreq = pbd = 0.0015 * 2200 * 515 = 1699.5 mm?

= 0.633MPa

Ry,

Check for Agmin

Agmin = 0.0018 % 2200 * 515 = 2039.4 mm

Asreq = 1699.5mm? < Agmin = 2039.4 mm? ... OK
“ Agmin = 2039.4 mm?

Select 28010 with Ag o = 2199.1 mm? > Ag,pq = 2039.4 mm? ....OK

) 2200 —-75%2—28%10
Spacing = >7 = 65.6mm

The smallest S:

1- 3h=3*600=1800 mm
2- 450 mm — Control
S=7.5cmis OK
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4-7-1-5 Development length of flexural reinforcement
Lg: for 914

2. fy *¢t*¢e*¢s
10 AJf7 (iji-Ktr)

b

req Ly = *d, =300mm

9 420 1+x1=%0.8

— * x 10 = 246.9mm > 300 mm — Use 300
10 124  (2.5)

req L, =

2400 — 600

available Ly = ( >

)—75=825mm

available Ly = 825 mm > req Ly = 300 mm — OK

4-7-1-6 Load transfer at the column-foundation interface (Dowels design ):
- In Footing

,A
OP,, = @ * | 0.85 % f! x A, A—Z 1000
1

A; =06%04=024m

A, =24%22=528m

A 5.28_469>2 Az_z

@OP,p = 0.65 * (0.85 * 24 * 0.24 * 2) » 1000 = 6364.8 KN > P, = 1969 KN — OK

The Dowels are not needed for the footing

- In Column
@P,, = @ * (0.85* f, * A;) = 1000

A; =06%04=024m
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@P,;, = 0.65 * (0.85 * 24 * 0.24) * 1000 = 3182.4 KN > P, = 1969 KN — OK
The Dowels are not needed for the column

Agmin = 0.005 % Ay = 0.005 * 65 * 40 = 130 mm?

Lap splice of column:

Ly =0.071 % f, * d, = 0.071 * 420 * 20 = 596.4 mm — wuse l; = 600 mm

Development length of column reinforcement:

0.24
req Lg. = b *dp
AT
0.24 % 420 20 = 4115
=————%20=411.5mm
1+x+v24

= min Ly. = 0.043 * f;, * d = 0.043 * 420 20 = 361.2 mm

available embedment = 700 — 75 — 2 * 10 = 605 mm =>req Ly, = 361.2mm — 0K
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4-7-2 Design of Strip Footing for Basement Wall

Allowable Bearing Pressure = 400 KN/m?
Dead Load= 150 KN

Live Load = 50 KN

Surcharge y = 18 KN /m3

Assume h=40cm

4-7-2-1 Select foundation Area:
, KN
q footing = 0.4 * 25 = 10 —

KN
q soil = 0.6 x 18 = 10.8—
m
qu = qau — q footing — q soil
KN
q, = 400 —10 — 10.8 = 3792?

P _1s0+s0_
. 3792 M

Select b=100cm, a=100 cm

Pu=150% 1.2+ 1.6 x50 = 260 KN

_Pu 260 — 260KN /1
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4-7-2-2 A Design of shear

20
d =400—75—7= 315mm

Vu = 260 * (0.5—0.125—-0.315) * 1 = 15.6 KN

075

%4
oV G

0.75
*,fc"xbwxd = e " 24 x 1000 * 315 = 1929 KN

@V, =1929 KN >Vu =156 KN — 0K

4-7-2-2 B Design of Moment

Mu = 260 0,25 +—= = 8.125KN
o Mu_8125
"=09 09 -
oo Mn_ 903.10°
"= b4z T 1000 %3152 pa
420
m Iy =206

T 085+ fc’ 08524

1 1 L 2Kn*m 1 L 1 2 x0.091 % 20.6 0.000217
= — %k — — = * —_ - = U.
P=m fy 206 420

Asreq = 0.000217 = 1000 = 315 = 68.4 mm?

Asmin = 0.0018 * 100 * 40 = 720 mm? — is controlled
select 10@10 cm

for shrinkage and tempreature select 10@20cm
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4-8  Design of Stairs:-

= B4 B e

390
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4-8-1 Determination of Slab thickness:
L=5.88
h=(5.88/20)*0.85=25 cm

Use h= 25 cm and limitation of deflection will considered.

4-8-2 Load calculation:

Dead load (Total for flight ) =10.7 KN/m2

Dead load (Total for landing 1) =8.29 KN/m2

Dead load (Total for landing 2 ) =10.79 KN/m2

Live load for stairs =5 KN/ m2

Total factored Load: Wu =1.2*DL + 1.6*LL

for flight W=1.2*10.78 + 1.6*5 =20.93 KN/m2
W=1.4*20.93=29.3 KN/m

for landing 1 W=1.2*8.29+1.6*5=17.95 KN/m2
W=17.95*1.5=26.92 KN/m

For landing 2 W=1.2*10.79+1.6*5=20.95 KN/m2

W=20.95*1.5=31.4 KN/m

4-8-3 Design

4-8-3-A of Bending:
Mu =108 KN . m (from Atir)
Mnreq=Mu/0.9=108/0.9 =120 KN.m/m

Assume @ 14 for main Reinforcement:-
d=250-20-14/2=223 mm
_ Mn
" b-d?
120%10°

R,=—————= 24 Mpa,
10007223
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fy 420

m= - = =20.59
0.85* fc 0.85*42
1 2mRn
p=—|1-_[1- = 0.0061
m
As =p *b*d
=.0061*1000*223=1360 mm?
AS min = 0.0018*1000*250 = 450 mm?
As:1360 mm2 > /A\sY min =450 mm2
Use® 14 @ 15cm. ....... with As provided = 13.77 cm?

. As( For Shrinkage & Temperature Reinforcement)=.0018*1000*250=450 mm?

take 3 ®14/m with As=461.7 mm2/m strip

4-8-3-B Design of shear:

Vu=35 KN

¢ £'*b, *d
6

¢Vec=

=136.6 KN

Vu<®dVe
No shear Reinforcement is required. So the depth of the stair is...... OK.
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4-9 Design of a shear wall (p14):
To design shear walls we use ( CSI ETABS) Software , and this is a manual example of

shear wall design :

- - .
. °
L4
.
/ .
- <
o ’
% -
\ -
W ‘%
% .
- — - o °
| | { ] - °

Fig. (4-20) Location of the Shear wall

T 150KN 150KN
265KN 265KN
345KN 345KN
350KN 350KN
eritical section Mu=2300KN.M
3.00m 355KN 355KN
Bending Moment Shear Force

Fig. (4-21) Shear and Moment Diagrams of Shear wall
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Fc= 24MPa

Fy =420 MPa

t=25 cm .shear wall thickness

Lw = 6.3 m .shear wall width

Hw for first wall = 3. m story height

Hw for secound wall = 4.5 m story height

Hw for the rest walls =3.55 m story height

mp 4-9-1 Design of shear (Horizontal and Vertical Reinforcement)

Z Fx =Vu =150+ 265+ 345+ 350+ 355=1465KN

The critical Section is the smaller of:

M = ﬁ =3.15m....

2 2
hw_1815_ 4 975m
2 2

storyheight =3m control
d =0.8xIw=0.8x3600=2880mm

5 !
OVmax = Q)EV fc'hd
= 0.75%0.83 * \/2_4- * 250 * 2880 * 103 = 2195.7KN

V. = =\/f.'hd = =Z4& * 250 * 2880 * 10~3 = 587.9 KN Control
N,d
V, = 0.27/f.'hd + ﬁ = 0.27V/24 * 250 * 2880 + 0 = 952.4 KN
w
Mu = 2300KN.m
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M, 1 2300 6.3

w
M "2 =33>0 l
w2 3cC > > 0 (+ve value)
N,
b (01Vfe + 02~ 6.3(0.1v2% + 0
V. =0.05/f. + ( lwh) hd =10.05v24 + — © ) 250 = 2880 = 849.7 KN
M, 1 3.3
—_u_w .
v, 2

@Vc
For last 2 stories, Vu = 265 KN < T =293.95 KN

Horizontal:-

P=0.002 for < 16

~_ Ahmin

P :
s.h

S=314cm

Use 1 10 @ 20 cm in each side
Vertical:-

P=0.0012for @ < 16

_ Ahmin
T sh

P

,S=52.3cm

Use 1 10 @ 20 cm in each side

For the first 3 stories, @V¢ = 587.9KN >Vu = 355 KN > % = 293.95 KN

Horizontal:-

P=0.0025for @ < 16

__ Ahmin

P :
s.h

S=25.2cm

Use 1 10 @ 20 cm in each side
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Vertical:-

P = 0.0025+0.25(2.5 ) (Ph-0.0025)

Pv = 0.0025
p=AMin o _52cm
s.h

Use 10 10 @ 20 cm in each side

4-9-2 Design for flexure :

A (6300) 2 % 78.5 = 4945 5mm?
= * * . = .
st =\ 200 mm

A\ fy 4945.5 \420
=( )—,=< ) — 0.055
Lyh/ f. 6300 * 250/ 24
Py
a= -=0
lwhfc
C w+a 0.055+0

= 0.066

I, 2w+ 08583 2+0.055+0.85*0.85

Py
Astfy

OM,, = 9 |0.545f, 1, (1 + —-) (1 — li)

= 0.9[0.5 * 4945.5 = 420 * 6300(1 + 0)(1 — 0.066)] = 5499.96KN.m > Mu

— No Additional vertical Reinforcement is needed

Use Use 10 10 @ 20 cm in each side
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4-10 Design of Basement wall i

0.35 ] T
! =24 MPa
Je 0.20—=] |- |
fy =420 MPa
3.5 -
y = 18 KN/m3
@ = 30°
LL =5KN/m?

%f e1=K'Y'h e=KLL
Thickness = h = 25cm, cover = =315 =25

2cm

-The design will be for 1 m width Fig.(4.26): Basement wall

- 4-10-1 Analysis

Piy) V=227 Ax=22.7 KN
PIRIRRIEIN SRy SN S o e
EZ—_" T [,
8.75 KN y =2.54m 3
Ei= h_ - m T
55.1 KN i Moax =25.5
- KN.m
L A i
31.5 2.5 V=411 Bx=41.1 KN
KN/m® KN/m*

Fig. (4.27): Shear and Moment diagram.
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-4-10-2 Loads

Neglect the axial load, since its low value.
et =K,*xy=*h

e, =K, xLL

K,=1—sin®

So,

K,=1-sin30=1-05=0.5

e; = 0.5 %18 * 3.5 = 31.5KN /m?

3.5
Ey =315+ —- = 551 KN/m?

e, = 0.5%5=2.5KN/m?

E, = 2.5 % 3.5 = 8.75 KN /m?

4-10-2-1 Support reactions:

MRA = OO
3.5 3.5
8.75*7+55.1*2*?—BX*3.5=O.O

By = 41.1KN

MRB = 00

3.5 3.5
55.1*?+8.75*7—AX *3.5=0.0
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Ay = 22.7KN

V=0 at y=?
Y
22.7—P(y)*5—2.5*y=0

P, 3893
=9

X
y 4325

22.7—9*y*%—2.5*y=0

4.5y% + 0.56y — 5.04 = 0
y=254m

2.5 25 2.5
My max = 22.7%2.5—9 % 2.5 x =t 2.5 % 2.5 x - = 25.5KN.m

4-10-2-2Factored internal forces
V, =16V, = 1.6*41.1 = 65.76 KN

M, = 1.6 * M,y = 1.6 % 25.5 = 40.8 KN

-4-10-3 Design
4-10-3-1 Design of shear
d =250—-20-12 = 218mm

V, = 65.76 KN

Vi

6

oV, =0.75 » b, d = ¢V, = 0.75 =

The thickness of Wall is Adequate Enough
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4-10-3-2 Design of flexure
4-10-3-2 A Vertical reinforcement of Tension face
M, = 408 KN.m

Mn = Mu/$ = 40.8/ 0.9 = 4533 KN.m

- 220 _ 206

T 085f]  0.85%24

_ My _ 45.33+10°
" bxd2  1000% (218)2

1 2%Rp*
p=ta- f1- =)

= L<1 - J1- —2*0'95*20'6> =.00232

= 0.95 MPa

Ry

~ 206 420

Agreq = pbd = 0.00232 * 1000 * 218 = 507.3 mm?
Agmin = 0.0012 * 1000 * 250 = 300 mm

Asreq = 507.3mm? > Ag i, = 300 mm? ... OK

& Agreq = 507.3 mm?

Select 5012 with A py, = 565 mm? > Ag,eq = 507.3 mm? ....OK

4-10-3-2 B Vertical reinforcement of Compression face:

Jfe'

*bw *xd = 0.25 *
y

4
* 1000 * 218 = 635.7 mm?/m

Ag min for flexture = 0.25 * 20

1.4 726.6mm?
%1000 * 218 = —— — controll
420 m

1.4
A min for flexture = E *bwx*d =
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Select 7012 with Ag yro = 791mm? > Ag iy = 726.6mm? /m

For inside wall 12@20 cm =5.65cm? > 5.07 cm?

For outside wall 12@15 cm =7.91cm? >7.26 cm?

4-10-3-2 C Horizontal Reinforcement due to Cracking:

Agreq = 0.002 % b+ h = 0.002 100 % 25 = 5 cm?/m
For one side As = 2.5 cm?/m

Select for one side horizontal reinforcement @10@25 cm = 3.16m? > 2.5 cm?
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Appendix A: Architectural Drawings  6-1

Appendix B : Structural Drawings  6-2

@l g badl 63

94



6-1 Appendix A: Architectural Drawings
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6-2 Appendix B: Structural Drawings
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1. American Concrete Institute (A.C.I), Building code Requirement for
structural concrete (ACI-318M-05).

2. Dr. Nasr Younis Abboushi - Reinforced Concrete ,2014
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