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Structural Design For The lIdealistic Yatta School For
Distinguishing

Prepared by

Ahmad Jebreen Nassar Abdel Rahman Nawawra

Abdel Rahman Radi Mohammad Kayed Abu Aram

Supervisor
Eng .Sufian Al-Turk

Abstract

Structural design is the most important designs required for building architectural design,
distribution columns and loads and maintaining durability and best price and highest security
rests with the structural Designer.

In this project we will work a construction design "For The Idealistic Yatta School For
Distinguishing”, consisting of four floors and facilities (Stadium and arena parking, guarded
room) plus water tank with total area 6000 m2.

The project is designed in a modern style and contemporary, to meet all educational and
recreational requirements in pilot schools taking into account and respecting the nature of the
Earth's topographic in design, this project was selected for the scarcity of such schools and the

good in our communities.

It is worth mentioning that the code will be used to determine the live loads and seismic loads for
structural analysis and design sections of the us code is used (ACI_318_14), and there must be
some software such as:

Autocad2007 ,Atir, Safe ,Etabs , Staadpro ,Sab 2000.

The project will include the construction of detailed study for the identification and analysis of
structural elements and different loads expected and then design elements and prepare drawings
based design intended for all structural elements that are building structures, expected after
completion of the project should be able to provide structural design of all structural elements by
God's grace.
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List of Abbreviations

Ac = area of concrete section resisting shear transfer.

As = area of non-prestressed tension reinforcement.

A, = area of non-prestressed compression 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.

C.= compression resultant of concrete section.

C,= compression resultant of compression steel.

DL = dead loads.

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

Ec = modulus of elasticity of concrete.

f. = compression strength of concrete .

fy = specified yield strength of non-prestressed reinforcement.

h = overall thickness of member.

Xl



e 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.

e LL =live loads.

o Lw = length of wall.

o M = bending moment.

e Mu = factored moment at section.

e Mn = nominal moment.

e Pn = nominal axial load.

e Pu = factored axial load

e S = Spacing of shear in direction parallel to longitudinal reinforcement.

e V/c = nominal shear strength provided by concrete.

e \VV/n = nominal shear stress.

e Vs = nominal shear strength provided by shear reinforcement.

e Vu = factored shear force at section.

e Wc = weight of concrete.

e W = width of beam or rib.

e Wu = factored load per unit area.

o @ = strength reduction factor.

e £, = compression strain of concrete = 0.003.

e g, = strain of tension steel.

e £.= strain of compression steel.

e p =ratio of steel area ..
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Chapter Four Structural Analysis and Design

Chapter Four

A

Structural Analysis and Design
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Introduction.

Design method and requirement.
Determination of thickness.

Load Calculation& Design of rib 2 .
Design of Beam2 (B2).

Design of Column (C42).

Design of Isolated Footing.

Design of Stair.

Design of Shear wall.

. 10 Design of Basment wall.
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Chapter Four Structural Analysis and Design

4.1 Introduction:

Many structures are built of reinforced concrete: bridges, buildings, retaining walls, tunnels, and
others.

Reinforced concrete is logical union of two materials: plain concrete, which possesses high
compressive strength but little tensile strength, and steel bars embedded in the concrete, which
can provide the needed strength in tension.

Plain concrete is made by mixing cement, fine aggregate, coarse aggregate, water, and frequently
admixtures.

Understanding of reinforced concrete behavior is still far from complete, building codes and
specifications that give design procedures are continually changing to reflect latest knowledge.

Structural concrete can be classified into:

= Lightweight concrete with unit weight from about 1350 to 1850 kg/m3.
= Normal weight concrete with unit weight from about 1800 to 2400 kg/m3.
= Heavyweight concrete with unit weight from about 3200 to 5600 kg/m3.

4.2 Design method and reguirements:

The design strength provided by a member is calculated in accordance with the requirements and
assumptions of ACI_code (318_08).

v" Strength design method:

In ultimate strength design method, the service loads are increased by factors to obtain the load

at which failure is considered to be occurring.

This load called factored load or factored service load. The structure or structural element is then

proportioned such that the strength is reached when factored load is acting. The computation of

this strength takes into account the nonlinear stress-strain behavior of concrete.

The strength design method is expressed by the following, Strength provided > strength required
to carry factored loads.

NOTE:

The statically calculation and the key plans dependent on the architectural plans.
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Chapter Four Structural Analysis and Design

v' Code: ACI 2008

uBC

v' Material :

. 2
Concrete: B300.... €'=30N/mm*(MPa) £ circular section

but for rectangular section ( fc'=30*0.8 = 24M Pa) '

Reinforcement steel : The specified yield strength of the reinforcement {fy = 420
N/mm? (MPa)}

v" Factored loads:

The factored loads for members in our project are determined by:
Wu=12DL+16LL ACI-code-318-08(9.2.1).
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Chapter Four Structural Analysis and Design

4. 3 Determination of thickness of one way rib slab.

4.3.1 deflection requirements:-
2.7
hmin = m =0.146 m

5.8
hmin = H =0.27m

2.8
hmin = m =0.15m

Take (h) = 32 >hmin = 27.3 cm........... Ok

S Rs— g BV e wto— O

Hollow block 40 cm width

Fig. (4-1): One way rib slab
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4 .4 Load Calculation& Design of rib 2 :

4.4.1 Design of topping:

Table (4-1) : dead load for topping

Quality
No. Material Density DL (KN/m)/Rib
KN/m’
1 Topping 25 0.8x25=2
2 Sand 16 0.07x16=1.12
3 Mortar 29 0.03x22 =0.66
4 Tile 23 0.03x23 =0.69

3 4.47 KN/m?
Total Dead load =4.47 * 1 =4.47 KN/m
Total live load=5 KN/m.

Wu =1.2D *1.6L = 1.2*4.47 +1.6 *5 = 13.364 KN/m

VVU

- 40 cm -

Fig (4-2): Topping load.

WuxL2

Mu = T 0.178 KN.m/m of strip width.

~eMn > Mu where ¢ = 0.55

(Z)Mn=0.55*0.42*l*\/ﬁ*6m

bh2
Sm= — = 1.06 * 107® m3

@M, = 0.55 % 0.42 * 1 * V25 x 1.06 = 1.232 KN.m>> Mu = 0.178 KN.m
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Chapter Four Structural Analysis and Design

No structural reinforcement is needed. Therefore, shrinkage and temperature reinforcement must
be provided.

For the shrinkage and temperature reinforcement :-
Pmin = 0.0018

A; = p*b*h=0.0018 * 1000 * 80 = 144 mm?.

Asreq — 14‘4‘
Apar 50.3

—2.87 — Spacing(S) = — = 35cm = 350 mm.

Number 0f @8=
2.87

280 280
S <380 () ~ 2.5 X Ce< 300 ()

=380 x (222) - 2.5x 20 <300 x (22)
3y iy
= 380 x (52‘2’0 ) = 2.5 x 20 = 330 mm < 300 (gszo )
=S <300 mm.
<3 xh=3%80=240 mm........... controlled.
<450 mm. ~Selectd8 @ 20 cm in both directions.

4.4.2 Calculation of the total dead load for rib 2.

Table (4-2) : dead load for rib 2.

Quality
No. Material Density DL (KN/m)/Rib
KN/m’
Topping 25 0.52x.08x25 = 1.04
2 Rib o5 0.12x0.24x25 = 0.72
3 Sand 16 0.52x0.07x16 = 0.582
4 Mortar 22 0.52x0.03x22 =0.343
5 Tile 23 0.52x0.03%23 =0.359
6 Plaster 29 0.52x0.03x22 =0.343
7 Block 10 0.40%0.24x10 = 0.96

Y 4.347 KN/m /Rib
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Total Dead load = 4.347 KN/m / Rib.

Total live load=5x0.52= 2.6 KN/m / Rib.

Effective Flange width ( b.)
b For T- section is the smallest of the following:

be <> * clearspase + b,= 400 +120 =520 mm ............ Controlled.

AN

Span/4 =2850/4 = 712.5 mm.

IN

(16% tf) + by =(16x 80) +120 =1400 mm.

—beg= 520 mm.

From computer program to analysis rib :-

rib 2 Code: ACI318-02
Project: ahmad Page: 11
Designed by: Date: 4/27/16
Geometry Units:meter,cm
1 2 3 4 5 6 7
1 2 3 4 5 6
I: A 1 A ™1 A 1 A ™1 A 1 A ]
‘0 6‘ 21 ‘0.6‘ 5.2 I0.6I 5.2 I0 6‘ 5.2 I0 6I 5.2 0. GI 2.3 ?f
I I 27 I I 5.8 1 1 5.8 1 I 5.8 T T 5.8 T T 2.8 s |
f f f f f f !
52.
8.
32.
12.
A-A

Figure (4-3) : Rib2 Geometry.
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Live load - Service Units:kN,meter
2.60 2.p0 2.60 2.50 2.60 2.60
27 58 58 58 58 28
Dead load - Service Units:kN,meter
454 4.4 4.4 434 434 434
27 58 58 58 58 28

Figure (4-4) : Load for Rib2.

Moment/Shear Envelope (Factored) Units:kN,meter
ments: spans 1fo &
-30.4 -29.1
-22.6 221 p\ -22.1 -20.9 A -20. -22.1 227
172\ 148 -14.8 o 1741
105 2. 2. 1. 02
X na 1. s4| % 03! % 08!
Wﬁ" '08 'P' 5 '07\-/'
$ 85' 4 E
o.os | 29 | 20 | 29 | 29 | 29 | 29 | 29 | 29 | 182 p.og
I T 1-76 T T T T T T T T T T 1
Shear
-28.6 -27.6

21, -23.9 -23.2 -23.9 -221
-15.6
-9.6
-5.1

-0 4]

t Tt t Tt }
0 s Z
9.1

15.8
221 23.9 21.2

275 293

Fig. (4-5): Moment & Shear Envelope of rib2.
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rib2 Code: ACI318-02

oject: ahmad Pag 3
Designed by: Date: 4/27/16

Moment/iShear Envelope (Factored) Units:kN, meter

Reactions
Factored

H HH HH HH HH HH H
DeadR 2.91 25.53 31.28 29.75 31.27 25.67 3.3
LiveR 6.14 23.05 27.4 275 27.42 23.11 6.27
Max R 9.06 43.58 58.68 57.25 58.69 43.78 9.58
MinR -0.91 29.05 42.23 39.71 42.26 29.51 -0.33
Service
DeadR 243 21.27 26.07 2479 26.06 21.39 2,75
LiveR 3.84 14.41 17.12 17.19 17.14 14.44 3.92
Max R 6.27 35.68 43.19 41.98 43.19 35.83 6.67
MinR 0.04 23.47 32.91 31.02 32.93 23.79 0.48

Fig. (4-6): Factored & service load from rib2 .

1- positive moment Mu® =185 KN.m
2- Negative moment Mu®=-22.1 KN.m
3- Max shear = 23.9 KN

4.4.3 Design of positive moment Mu® = 18.5KN.m
for main positive reinforcement ® 12 Assume bar diameter , stirrups ® 10
d = depth - cover — diameter of stirrups — (diameter of bar/ 2)

=320 — 20— 10 —-12/2= 284 mm.
Check a<hf
Mnf = 0.85* fc * b *hf *(d-hf/2) = 215.696 KN.m>> Mu/¢p =20.56 KN.m
~ Assume rectangular& tension control section.

fy 420

m= = =19.76

T 085f]  0.85%24

My, _  14.6%10°

T prdZ  09+520:247% 0.49 MPa

Ry
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2*Rp*m

fy

b = <1 _ \/1 _ 2*0.49*19.76)2 0.00118
19.76 420

—Aseq = p x b xd =0.00118 x 520 x 284=174.26 mmZ,

p=-(1— [1-20

fl

ASpin = L xby,*d=2xp, +d ACI-318-11 (10.5.9)
10y 5
= 2% 1204284 > 14120 %284
4- *420

=101.4 mm?<113.6 mm* ............. Larger value is control.

—>Asmin = 113.6 MM?<As;eq = 174.26 mm?,

« Use2 012 = 2.26 MM*>Aseq = 174.26 mm”............... OK.

— Check for strain:-(g; = 0.005) ACI-318-11 (10.3.5)

Asxfy =085x% f.xbxa
157 x 420 =0.85 % 25 x 520 x a

a =6.22 mm<80 mm =>» rectangular section .

=2 -52_9731 mm
B, 085

d= 247 mm

_ 247-731
S 247

————*0.003

=0.098> 0.005 ( tension control section ).
~0=09.. OK

~Select2@12 For all positive moment.
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4.4.4 Design of Negative moment Mu®=22.1 KN.m

420
m=-—2_= =19.76
0.85f,  0.85%25
M 9x10°
R,=—=—"—"___=2537 MPa
bxd? 0.9x120%247

1 2xRp*
p=—1- |1 —Tm)

_ 1 (1 B \/1 . 2*2.537*19.76>: 0.00645
19376 420

—Aseq = p x b xd =0.0072 x 120 x 284=219.8 mm?.

—Asmin = 113.6 mm? <Aseq = 213.4 mm?,

«~ As = 213.4 mm?,

@12 = 226.2 mM*>As;eq= 213.4 mm?... OK.

~ Use 2 @12

— Check for strain:-(gg = 0.005) ACI-318-11 (10.3.5)
Tension = Compression
Asxfy =085x% f.xbxa
226.2 x 420 = 0.85 x 25 x 120 x &

a=38.81 mm.

¢ =385 - 45.66 mm * Note: f; =24 MPa< 28 MPa— B, = 0.85

c=—
B1  0.85

d=280-20-8-12/2 =246

_ 246-45.66
ST 4566

=0.0132> 0.005

*0.003

~$=09... OK.
@Mu = 0.9%226.2*420*( 246 — 38.81 /2 ) x 1076 = = 19.4KN.m> My max= 9KN.m.

~Select2@12 For all negative moment.
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4.4.5 Design of shear of rib (R2)
d=284 mm.

VUnax =23.9 KN.

fe
chl.lxg><b><d

=11 x g x120x 284x10°% = 31.24 KN.

PV, =0.75 x 31.24= 23.43 KN.

Vs=% _ve= 22 3124 =0626 KN
] 0.75

1
Vsmin = 16 25 %120 * 284 = 10.65 kN

@Ve < Vu < @(Vc + vsmin)
2343 <239 <3141
Case Il

Minimum shear reinforcement is provided (Av, min) with:

284
Smax < 600 mm, Smax < > = 142 mm ...control

Use legs stirrups @8 with Av = 100.53 mm?

Av Vs s Avfytd 100.53 % 420 284
_— = - = = . * *
s fytd Vs 10.65
S =11259mm

~Select@8 -14cm with 2 —legs
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4.5 Analysis and Design Beam (B2):

From program :-

Geometry Units:meter,cm
1 2 3 4
1 2 3
T ﬂ 1 N 1 A—l —
I + I L[ j ——
A A A
| 0.6 ‘ 5.2 | 0.6 | 2.3 | 0.6 ‘ 5.2 ‘ 0.6 |
L 5.8 L 2.9 L 5.8 L
I T T 1
80.
2.
60.
50.
A-A
Figure (4-7) : Beam 2 Geometry.
Toad group no. 1
Dead load - Factored Units:kN,meter
50.0 49.0 493
58 29 58
Live load - Factored
46.3 443 444
58 29 58

Figure (4-8)
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Page: 3
age: 3

Lgeémlxetl by: Date: 4/27/16

Moment/Shear Envelope (Factored) Units:kN,meter

Reactions
Factored Beam 2

H— H - i H H
DeadR 291 25.54 31.25 29.85 30.89 28.05 6.95
LiveR 6.15 23.04 27.38 27.67 27.65 24.61 7.83
Max R 9.05 48.58 58.63 57.52 58.55 52.66 14.79
MinR -0.9 29.05 42.16 39.75 416 35.42 467
Service
DeadR 242 21.28 26.04 24.87 25.75 23.38 58
LiveR 3.84 14.4 17.11 17.29 17.28 15.38 49
Max R 6.27 35.68 43.16 4217 43.03 38.75 10.69
MinR 0.03 23.48 32.86 31.06 3244 27.98 437

Fig. (4-9) : Factored service load from rib 1.

Fromrib 1 (Factored)

Total WDL =1.2% (2=2) = 49.3KN/m

WLL = 1.6% (==7) = 44.43KN/m

From rib 2 (Factored)

Project: ahmad Page: 13

Designed by: Date: 472

Moment/Shear Envelope (Factored) Units:kN,meter

Reactions
Factored Beam 2

H I HH +Ht H HH H
DeadR 291 25.53 31.28 29.75 31.27 25.67 3.3
LiveR 6.14 23.05 274 2715 27.42 23.11 6.27
Max R 9.06 48.58 58.68 57.25 58.69 48.78 9.58
MinR -0.91 29.05 42.23 39.71 42.26 29.51 -0.33
Service
DeadR 243 21.27 26.07 24.79 26.06 21.39 2.75
LiveR 3.84 14.41 1712 17.19 1714 14.44 3.92
Max R 6.27 35.68 43.19 41.98 43.19 35.83 6.67
MinR 0.04 23.47 32.91 31.02 32.93 23.79 0.48

Fig. (4-10): Factored service load from rib 2.

Total WDL =1.2% (£27) = 49.08 KN/m

WLL = 1.6% (=57) = 44.33 KN/m
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From rib 3 (Factored)

+ H H |
3113 30.13 29.87 14.48
27.09 27.24 26.04 13.83
58.23 57.36 55.91 28.31
41.88 40.49 38.81 1219
25.95 2511 249 12.06
16.93 17.02 16.27 8.64
42.88 4213 4147 20.71
32.66 31.58 30.48 10.63

Fig. (4-11): Factored service load from rib 3.

Total WDL =1.2% (=27) =50 KN/m

WLL = 1.6% (73 =46.33 KN/m

Design of flexure:-

From program :-

Project: ahmad Page: 8
‘ Designed by: Date: 4/27/16
Moment/Shear Envelope (Factored) Units:kN, meter
Moments: spans 1to 3
-282.1 -274.5
-218.4 . _-246. -2391 2125
/107 LK .
r 1 I 1
=t SI —t -+ +—
0.87, 0.87
| 232 2899 3.48 | 145 | 145 | 3.48 2831 332 |
r T T T T L 1
Shear
-328.
-276. - 2309
% -170.8
| | V T ‘
139.5
L6 189.9

236.7 268.7

319.4

Fig. (4-12): Moment & Shear Envelope of Beam 2.
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positive moment Mu '=290KN.m
negative moment Mu®= 246KN.m

shearma= 276 KN

4.5.1Design of positive moment Mu ™ = 290 KN.m

Assume h=60cm, bg =80cm ,t =32 cm and b= 50cm.

for main positive reinforcement @ 16 Assume bar diameter , stirrups @ 10
as
d = depth — cover — diameter of stirrups — (diameter of bar/ 2)
=600 — 40— 10 -16/2= 542 mm.
Check a<hf
Mnf = 0.85* fc * b *hf *(d-hf/2) = 1995 KN.m>> Mu/¢ =306.67 KN.m
~ Assume rectangular& tension control section.

Sy - %20 _5058
0.85f!  0.85x24

_ My _  290%10°
bxd?2  0.9x800%5422

1 2%Rp*
p=—(1- |1 —Tm)

= (1 - \/ 1 - 22T >: 0.00338 .

420

R, =1.37 Mpa

—Asreq = p X b xd = 1465 mm®,

fe
ASpin = L x b, *d > 4, b, *d ACI-318-11 (10.5.9)
4 (fy) fy

=790 mm? <903 mm?
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— Asmin = 903mm? <Asyeq = 1465 mm?............ control
Take 4@ 25 = 1963 mMm?>As,, = 1465 mm? ... OK.

~ Use 4925 in one layer

500 —40%x2—-10%2—4 %25
Smax = 3 = 100 mm > 25 mm

— Check for straingg > 0.005) ACI-318-11 (10.3.5)

d = 60040 — 10 — (25/ 2)=537.5 mm .

Asxfy =0.85x% f.xbxa

a=50.5 mm
a _505_
C—E—0_85—59.4 mm

g, =0.024> 0.005 ( tension control section ).

~ 9 =09.... OK.

4.5.2 Design of negative moment Mu® = 246 KN.m

=_Jy_- 420 _545g
0.85f/ ~ 0.85%24
M, _  246%10% _
Rn = bxd2  0.9%500%5422 1.86 Mpa
=1 _ _ 2*Rp*m
pend—1-—=7)
_ 1 (1 B \/1 B 2*20.58*1.86>= 0.00465 .
20.58 420

—Asreq = p ¥ b xd = 1260.46 mm?,
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fe
ASmin = L by *d > xb,, *d ACI-318-11 (10.5.9)
4 (fy) fy

=790 mm? <903 mm?
— Asmin = 903Mm? <As;eq = 1260.46 mm°............ control
Take 5@ 20 = 1570mm*>As,eq = 1260.46 mm?’ ... OK.
=~ Use 5020 in one layer

800 —-40+2—-10*2—-5%20
Smax = 2 = 150 mm > 25 mm

—> Check for straing; = 0.005) ACI-318-11 (10.3.5)
d =600-40 — 10 — (20/ 2)=540 mm .
Asxfy =0.85x% f.xbxa

a=6.46 mm

a _ 646 _
c—E—0.85—7.6mm

g, =0.2> 0.005 ( tension control section ).
~ 0=0.9.... OK.
4.5.3 Design beam(4) for shear:-

shearma= 276 KN

fe
chc=q)xg><bde

=0.75 x ? x 500x542= 166 KN.

» Check For dimensions:-

Vs=Y% _ve= 2% _921 =147 KN
] 0.75

2
VSimax = 5 * V24 x 500 * 542 = 885 KN

=~ Dimension is adequate enough.
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Find the max stirrups spacing
1
vs' = §V24 * 500 x 542 = 442 kN
vs = 147 < vs' = 442 kN then

Smax < 600 mm, Smax <—=271mm...control

2

Check Vsmin

1 bws

Av,min = ———....control
3 fyt
1
Vsmin = 1—6\/24 * 500 * 542 = 83 kN
Vs =147 > Vsmin = 83

Case IV

Use U shape (2 legs stirrups $10 with Av = 157 mm?

Av Vs S Avfytd 157 * 420 542
—_—_—— = = E3 k
s fytd Vs 147

S =243 mm
Take U shape (2 legs stirrups)

010 @ 150mm < Smax =171 ...0K
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4.6 Design of column .

Place of column (C42)

Column Column Dimensions fc fy
Col. 42 40cm*40cm 24Mpa 420Mpa
» -
-
. L

40

Fig. (4-13): column dimension.

C42:
DI =1164 KN
LI= 800 KN
Pu=2676.8 KN
¢ In,4 m-Direction(about x axis)
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@<34_12% ............... ACI —(10.12.2)

r

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

R: radius of gyration = \/,IA: ~03h . For rectangular section

Lu=3.4-0.6=2.8 m

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.

klu M1

—<34-12—— ... ACIl —(10.12.2)
r M2

1x28 _ 233> 22

0.3x0.4

..long Column in twodirection
E I

El=04—2 ... [ACI318-05 (Eq. 10-15)]
1+ 54

E, = 4700,/ fc = 4700x /24 = 23025Mpa
_12DL _ 1.2*(1164)

=05«<1
Ps="p, 2676.8
3 3
I, = bxh _ A4x0.4 _ 0.0021m*
12 12
£ - 04x2676.8x0.0021 .\
1+0.5
2
El
Py == ACI318-05(Eq. 10-13)
(KLu)
3.14? x15
= T Z13MN,
(1.0x3.4)
M1
Cm = 0.6+O.4(WJ cvern.ACI318—05(EQ.10—16)
Cm=1...... According to ACI1318—-05(10.10.6.4)
S, __CM 40 ACI318—05(Eqg. 10—12)
1_ Pu
0.75P,
S, = 1 =1.39>1
T, 26768
0.75%x12000
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=15+ 0.03x h =15+ 0.03x 400 = 27mm = 0.027m
x5, =0.027x1.39 = 0.0378m

emin
e :emin
e _0.0378 _ o
h 04

1212400 2*40 -2*10 25:0.68
b h 400

y =0.68

v From the interaction diagram in chart: p=0.04

Assumepg = 0.4

ex =ey =0.0378m

ex e 0.0378

b ?y = Toa

y =.68

From theinteraction diagramin chart: o =0.04

by interpolation :

For% = 0.6and % = 0.75p9 = 0.04

* *
_ PTPOX_4TPNY 5 soksi
Ag Ag
*
Pnx=Pny= 2.60*1000* 0.4%0.4 =4.4MN
145 0.65

v

v" Bressler Equation:-

1_1+1_1
Pn Pnx Pny Po

P0o = 0.8*400* 400*{0.85* 24* (1L — 0.04) + 420*0.04}
Po=4.7MN
1 1 1 1

— —+ —_
Pn 44 44 4.7
Pn=4.1MN

$»*Pn=0.65*4.1=2.688MN = Pu=2.6768MN

.. Safe
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Select the longitudinal bars:
As=p xAq = 0.01 x400 * 400=6400 mm?

~use14 @25 = A, = 6868 mm?

Design of the Stirrups:
The spacing of ties shall not exceed the smallest of:-
spacing <16xd, =16x1.6 =25.6 cm
spacing <48xd, =48x1.0=48cm
spacing < least.dim.=30cm

Usegl0@ 20cm
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4 . 7 Design of Isolated Footing :

— Design of Isolated footing (Under Col. 26):

!

f

c

24 Mpa

420 Mpa

Load Calculation:-
- From column (26): (DL &LL)

* Service dead load ( DL) = 1120 KN

* Service live load (LL) = 356 KN

* Column dimensions =60 cm*40 cm

* Allowable soil pressure = 400 KN/ m2

DL LL Column
(KN) (KN) dimensions

all. Soil
pressure

1120 356 (60*40) cm

400 KN/ m?2

4.7.1Calculating the weight of footing:
- Weight of footing ( assume height of footing = 60cm)
Weight of footing=0.6*25 = 15 KN/m?

- Required sizes of footing:

_ P _ 1120 + 356 _39m2

Q. 400-5-(0.6%25)

A, required

Try 2* 2Area =4 m2

h footing Wfooting qnet

A required

60 cm 15 KN/m? 400 KN/m?

3.9m?

4.7.2 Depth of footing and shear design:
Pu =12DL +1.6LL =1.2*1120 + 1.6*356 = 1914KN

1914

qu = e =478.5 KN/m?

Try area Pu

qu

2m* 2m 1914 KN

478.5 KN/m?
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—Determine the Depth of Footing Based on Shear Strength:-
Check for One Way Shear Strength

™ 5 KN/m®

Vu :(l_é_dj*qu*b :(3_%_(1)*478.5*2 = 2823

2 2 2 2 .

0.75 = 2N
¢VC=_6 \/ﬂ*z*d *103 = 618 Inclined cfaCk/
Let,gVc=Vu !

Critical section for _ Tributary area for

d =0.351m One-way shear \‘] one-way shear
h =351+ 75+ 20 = 446mm ¥/

d

Try h=450 mm .....d =450 — 75 — 20= 355 mm COW\D

One-way shear,

) d (mm) h (mm) Try h(mm) Try d (mm)

0.75 351 446 450 55

w

3.7.3 for Two Way shear Action (Punching).

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

(. 2\ [
V., =¢.>|1+= |V 'bd
¢ C ¢6[ +ﬂcj C (o)

1 o ’
V. =d¢— s 2 f
v, s 21 b
AV, :¢é\/ f'b.d

Where:

B Column Length (a) 600
¢ ColumnWidth (b) 400
b, = Perimeter of critical section taken at (d/2) from the loaded area

=2*(0.40+0.355)+2%(0.6+.355)=3.42m.
Vu = ((2*2) - ((0.40+0.355)*(0.60 +0.355))* 478.5 = 1569k N

1.5

60




Chapter Four

Structural Analysis and Design

AN :¢.é(1+ ,32}, fc'bod :0'675*(1+125j* 24%*3.42*0.355*10° =1734.8kN

1( a " 075,(40%0.355
Ve =go| %12t bd =2l 2 |*24*3.42%0.355*10° = 2287kN
Pl ¢12[b0/d+j Y ( 3.42 +j

AT =¢%Jf7 b,d =O'—;5* 24*3.42*0.355*10° =1487kN

Vu=1569KN > ®Vc =1487 KN.................. Not OK
ﬂc bo (m) (o2 ¢VC
(KN)
1.5 3.42 40 1487
Try h=500 mm. d=500-75-20 =405 mm
b= 3.62m
Vu=((2*2)—((0.6+0.405)*(0.4+0.405))*478.5=1526.9kN
AV :¢.E\/ fclbod :%* 24*3.42*0.405*10° =1696.4kN
3 3 .... Control
Vu=1526.9 KN < ®Vc =1696.4 KN
(Two Way Shear is OK)
h d b, Vu AV
(mm) (mm) (m) (KN) (KN)
500 405 3.62 1526.9 1696.4
4.7.4 Design for Bending Moment of both direction.
h (mm) d (mm) b(m)
500 405 2

d = 500-75-20 = 405 mm

Mu =478.5*2*0.8*0.8/2 = 306.24 KN.m
fy 420
m = 0.85*fc _ 0.85%24 - 99 59
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Mu/¢ 306.24%10°/0.9
Rn= b*d2 =  2*(0.405)°

= 1.037 Mpa
1 1- 2mRn
p=ma-V V)
1 \/1_ 2(20.59)(1.037)
p=20.59 (1. 420 ) =0.00253

Asreq = 0.002535 (2000) (405) = 2053.5MM" > Asmin = 1800MM" ____ control

Asmin =0.0018*b*h == 0.0018 (2000) (500) = 1800 MM” .

Take 14® 14, As,provided =21.55cm? > As,required = 20.53 cm?

_2000-75*2-14*14
13

S =127.23mm

- Step(S) is smallest of:

1. 3h = 3*500 = 1500 mm
2. 450 mm - control
S =128 mm < S,max = 450 mm — OK

Mu m Rn p Asreq Asmin S
(KN.m (Mpa) (mmz) (mmz) (mm)
306.24 20.59 1.037 0.002535 2053.5 1800 128
- Check strain
Tension = Compression
A xfy=0.85xf 'xbxa
2054x420=0.85x24x2000x a
a=21.15mm
C= 2115 =24.88
0.85
g = 405 -24.88 % 0.003 = 0.0458 > 0.005...0k
24.88
As (mmz) a (mm) ¢ (mm) €,
2054 21.15 24.88 0.046
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3.7.5Development length of flexural reinforcement:

Ld for @ 14:

12 fy wtxye wdb = 12 420 1><1 <14 — 576.2mm

L, 5 Jic 4 PN

Available length = 800-75=725
725mm > 576.2mm ............... ok

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

- In footing :

®Pnb = ®(0.85 fc'A, x \/%)

A1—060 0.40=0.24 m2
=2*2=4m2

\/7 |4 41502 \/E=4.1
0.24 A

®Pnb =0.65x0.85x24x600%x400x 2 =6364.8KN

®Pn=6364.8>Pu=1914......... ok
The Dowels are not needed for footing

As,min =0.005 * Ac = 0.005 * 600 * 400 = 1200 mm2

Use 12 16 , As,provided =2412.8 mm? > As, required = 1200 mm?
The same number and size of reinforcement column
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4 .8 Design of Stair :

£l

LA 11 i
L

(1.5

1

1.

Fig. (4-14): stair.

3.8.1 Determination of Thickness:

height =3.75m
Rise =3.75/22 = 17 cm
Heigh Rise Run LL fc Fy
m cm cm KN/m2 Mpa Mpa
3.75 17 30 5 24 420

- Minimum slab thickness for deflection is (for simply supported one way solid slab)
h,min =L/ 20
hmin=58/20=290cm ............. take h=25 cm.

= Use h =25cm.
6 = tan™ (17 / 30) = 30°

h,min (cm)

25

30°
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3.8.2 Load Calculations:
Dead load calculation of Flight:

0.03 x 22
Plaster = W =0.762 KN/m
0.25 x 25
concrete = o530 - 7.217 KN/m
0.3+ 0.170
mortar = T a— 0.02 x 22 =0.689 KN/m
~0.3x%0.170
stair = W 25 =2.125KN/m
) 0.35+0.170
Tile = o3 0.03 x 27 =1.269 KN/m

Total load (DL) = 12.1 KN/m
Live load (LL) =5 KN/m

Table (4-3) : load calculation for stair.

material ama h(m) b(m) KN/m
Tiles 22 0.03 1 0.66
Mortar 22 0.02 1 0.44
RC 25 0.25 1 6.25
Plaster 22 0.03 1 0.66

Total load (DL)
Live load (LL) =5 KN/m2

Total Factored load,,,, (W =1.2DL + 1.6LL)
For Wy, , W=12%12.1+ 1.6%5 = 2252 KN/m

FOr Wigng » W =1.2%8.01+ 1.6*5=17.6 KN/m
Wflight (KN/m) Wlanding (KN/m)
22.52 17.6
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- Structural System Of Flight (FL1) :

252K M
Z3.9KM
23.8KHM
o~ 1.4 » = - 1,4 »
Fig. (4-15): structural system of flight FI1.
4.8.3 Check for shear strength For Flight:
Assume @ 14 for main reinforcement:-
d=h-20-db/2 =250 —20 - 14/2 =223 mm
Vu =33.8 KN.
* * *
e = 0.75 \/i(slooo 223 _as s kN /mm
Vu=33.8 KN < 0.5* ¢c=68.28 KN
Thickness is adequate enough
db H d Vu Nc
(mm) (mm) (mm) (KN) (KN)
@14 250 223 33.8 136.56
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3.8.4Design of Flexure:

Moments: spans 1to 1

| 2.9 72.6 2.9

Fig. (4-16): envelope shear and moment diagram flight.

- Design for Flight:

Mu =72.6 KN.m

Mn =Mu /0.9 =72.6/0.9 =80.7 KN.m/m

d=h-20-db/2 =250 - 20 — 14/2 =223 mm
_ Mn

n bdz

R, = 2071 _ 1 67 MPa

1000%2232

R

__ W
0.85x fc'

420
" 0.85+24

p :l(l _ - 2*Rn*m) _ 1 <1 _ \/1 _ 2*1.62*19.76)2 0.004
m ,’ fy 19.76 420

=19.76

m
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As,,, = 0.004*1000*223 = 892mm?*/m > As,,, = 450mm?/m.... OK

As,,,=0.0018*b*h = 0.0018*1000* 250 = 450mm?/m

Mu m Rn P ASreq ASmin S
(KN.m) Mpa (mm?) (mm?) (mm)
72.6 19.76 1.62 0.004 892 450 200

Use ® 14 @ 15 cm ¢/c , As=1026 mm2/m strip

- Step ('s) is the smallest of :-
1. 3*h =3*250 =750 mm

2. 450 mm
280
<380 (=) -25*Ce
280
<380 * (5—)—2.5%20 =380 * (3
3fy 3

280 280

< 300 (%) =300* () = 300

sfy

- Check for strain:
Tension = Compression
Asxfy =085x f.xbxa

1026 x 420 =0.85 x 24 x 1000 x a

a=21.12mm.

a _ 2112 _
c= B 08 24.85 mm

d= 223 mm

_ 223-24.85
& = "ass
~0=09.. 0K

280
420

280

(

68

g* 420

)—2.5*20=330mm

) =300 mm ... (control)

*0.003 =0.0239> 0.005 ( tension control section ).




Chapter Four

—Temperature & Shrinkage reinforcement:

ASgrrinkage = 0-0018x b x h =0.0018x1000x 250 = 450mm?/m

Use @ 10 @ 15 cm c/c, As prov = 523.33 mm2/m strip

- Step (' s) is the smallest of :-

1.5*%h =5* 250 = 1250 mm
2. 450 mm — control

Structural Analysis and Design

ASShrinkage S db
(mm?) (mm) (mm)
450 150 10
WRA =338 KN/m |, WRB = 33.8 KN/m From Atir
Load For Landing = # = % =24.14 KN/m

- Design for landing (L1A):
Structural System Of Landing (L1A)

24,14 . KrMm 2414 KR m

17 6k MNAm

POl ll]]

P 1,55 PR =1~ R 1.7

Fig. (4-17): structure system of landing.
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Moment/Shear Envelope (Factored)  UnitstkN meter

Moments: spans 1to 1

-61.2

60.7

74.9

Fig. (4-18): envelope shear and moment diagram landing.

Vu =612 KN/m

- Check for shear strength (L1A):

Assume @ 12 for main reinforcement:-
d=h-20-db/2 =250 - 20 — 14/2 = 223 mm
~ 0.75*+/24 *1000 * 223

6
Vu=61.2 KN/m< 0.5* ¢/c=68.28 KN/m.

=136.56 KN /m

gVc

- Thickness is adequate enough

- Calculate the maximum bending moment:
Mu = 68.2 kKN.m/m

Mn =Mu/0.9=68.2/0.9 = 75.8 KN.m/m
d=h-20-db/2 =250 -20 - 14/2 =223 mm

Mn
" b-d?
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Chapter Four

Structural Analysis and Design

R, = 2281 _ 155 MPa
1000%223
__ b
0.85x fc'
m=—=_=19.76
0.85%* 24
1 25«Rp*m | _ 1 2%1.52%19.76 \ _
p=—(1- |1- i )= 19_76<1 — J1 _T>‘ 0.00375
As,,, = 0.00375*1000%223 = 836.25 mm?*/m> As,,, = 450mm?*/m.... OK
As,. =0.0018*b*h = 0.0018*1000* 250 = 450mm?/m
Use ® 14@ 15 cm
Mu m Rn p ASreq ASnin S(mm)
(KN.m) Mpa (mm?) (mm?)
68.2 16.76 1.52 0.00375 836.25 450 150

- Step ( s) is the smallest of :-

1. 3*h = 3* 250 = 750 mm

2. 450 mm

<380(@) 25* C,

<380 * (%) 2.5%20 =380 * (228") 2.5* 20 = 330mm
37y
<300(@) 300 * (28")_300 (228") 300 mm (control)

- Check for strain:

Tension = Compression
Tension = Compression
Asxfy =085x frxbxa

1026 x 420 = 0.85 x 24 x 1000 x a

a=21.12 mm.
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a _ 2112 _

c= 5 085 24.85 mm

d=223 mm

g = Z22222%0,003 =0.0239> 0.005 ( tension control section ).
#®=09.. 0K

—Temperature & Shrinkage reinforcement:
ASgrrinkage = 0.0018x b x h =0.0018x1000x 250 = 450mm*/m

Use @ 10 @ 15 cm c/c, As prov = 523.33 mm2/m strip
- Step (' s) is the smallest of :-

1.5*%h =5* 250 = 1250 mm
2. 450 mm — control

ASShrinkage (mm2 ) S(mm) db (mm)

450 150 ® 10
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4.9 Design of Shear wall :

809.2kN.m 238KN

1693.2kN.m 260KkN

— 13.500

630KN L

5.300

Moment diagram Shear diagram
Fig. (4-19): shear and moment diagram of shear wall.

% Material and Sections:- (From Shear Wall)

= concrete  B300 Fc' = 24 N/mm?
= Reinforcement Steel Fy = 420 N/mm?
= Shear Wall Thickness  h=30cm

= Shear Wall Width Lw=6.3m

= Shear Wall Height Hw=13.6 m

4.9.1 Design of Horizontal Reinforcement:-

3" Fx=V, = 630 KN
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The critical Section is the smaller of :
lw _ 6.3

=—=3.15m
2 2
b 13- 6gm
2 2

Story heigh (Hw) =3.4 m
d=0.8xLw =0.8x6.3 =5.04 m

5 4
@Vnmax = Qg f;- hd
= 0.75 % 0.83 * V24 * 300 * 5040 = 4611 KN >V, = 630KN

V. is the smallest of :

1— V, = =[f'hd = 2V2& » 300 * 5040 = 1234.5KN ........ Control

wd

N
2— V. =027/f hd +
41,

Ly (017 +0.2 l’vvv—jl)

= 0.27V24 x 300 * 5040 + 0 = 2000KN

3— V. =10.05yf, + hd = 3879.06

My _w
Vu 2
5440 - 3298 M, —3298 o o cin
— - = . .
3.4 3.4 —3.15 !
My _ Ly _ 34555 T83 T oo
Vu 2 630 2

Vu =630 KN < 0.5*%0.75*1234.5 = 462.9 KN need reinforcement

Take P =0.0025
- Maximum spacing is the least of :

LW 839 _ 1 260mm

5 5
3*h = 3*300 = 900mm
450 mm ....... Control

Try $10(As = 78.5 mm2) for two layers

p= AN 2785 _ 4 nogs
h*S2  300+S2

S2=210mm , ¢10@250 mm

— used 10@250 mm in tow layer
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4.9.2 Design for Vertical reinforcement:-

hw  13.6

== =216

hy,\ (Av h
Avv_[00025+05( 5—1—)(ﬁ—00025)]*5*h
222073

Assume @ 12 with As=113.1

2%113.1

=0.73>>S =290 mm

Select @ 12@250mm. In two layer

- Maximum spacing is the least of :

LW _ 6300 _ 1560mm

5 S
3*h = 3*300 = 900mm

450 mm ....... Control

Select @ 12 @250mm In tow layer

4.9.3 Design of bending moment ( uniformly distribution flexural reinforcement) :

6300
Ag = ( ) * 2 x113.1 = 5700.24mm?

250
( ) f, < 5700.24 )420 005278
VeI~ \6300+300) 24
pu
= = O
X
C W+« 0.05278 4+ 0

= = = 0.0637
lw 2w+ 0.858; 2%0.05278 + 0.85 % 0.85

P, C
oM, = @ [O.SAstfylw(l +—)(1 - —l
Agfy 1y
= 0.9[0.5 * 5700.24 * 420 * 6300(1 + 0)(1 — 0.0637)] = 6354.92KN. m > Mu

Select @ 12@250mm for vertical reinforcement .
75
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4.9 Design of Basment wall :

4.9.1 load calculation

Fc'=28 MPa, Fy=420 Mpa, 7Ys=18KN/m°,  qall=350KN/m’, =30,
surcharge =5KN/m? , wall thickness =30 cm

z

N is neglected
5KN/m2

0.3200 — |

4.7500

\I\ T
0.2000 —

L]

Fig. (4-20): basement wall.

K=1-sin¢ =1-5sin30 =0.5
W, = K+xhxy =0.5%4.75 % 18 = 42.75 KN/m?
Wy, =K*P=0.5%5=2.5KN/m?

Fig. (4-21): load for basement wall.
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From Atir we have moment and shear envelop :

Moments: spans_1to 1

2.61 109.8 2.14

Shear

-117.8
-100.8

53.7 623

Fig. (4-22): shear and moment diagram of basement wall.

4.9.2 Design of Bending Moment
1- Tension face :-
d=300 -20 - 14=266 mm
_ _Mn_
"~ .42
109.8*10°
" 0.9%1000 *266°

__ W
0.85x fc'

420
m =— =
0.85x24

1 2mRn * *
p=—|1- |1- __1 1_\/1_M =0.42%
m f, 20.6 420

As req = 0.42 % *1000*266 = 1117 mm2/m ..., control
77
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=1.7MPa .
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Chapter Four Structural Analysis and Design

As min = 0.0012 * 1000 * 300 = 360
As req =1117 > As min =360
Use @ 16@ 15 cm

Compression face :-
As min = 360 mm%m , Use ® 10@ 20 cm

horizontal bars use the half of the min. in each side
0.5*Ashp,in=0.5*0.002*300*1000=300 mm?/m

Use ¢ =10

Use for horizontal bare ¢p 10@20 cm in each side

Check for strain:

Tension = Compression
A * fy=0.85* fc' *b*a
1117*%420=0.85*28*1000*a

a=23mm
Cc= a = ﬁ =27mm
£, 0.85
& = M*O.OOS =0.0266

&, =0.0266 > 0.005—— 0k

—Check for shear
0.75
OV, =%/E*b*d =~ V24 £ 1000 * 266 * 10~* = 162.9 KN

0.5¢ V.=0.5*162.9 =81.45 KN
¢V. >Vu > 0.5¢Vc
162.9 >117.8>81.45

The thickness is enough
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