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Abstract

Structural Design and Details of Veterinary Services Buliding

Project TEAM:

Hatem Halaweh Mohammad Joudi
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Palestine Polytechnic University
2017-2018
Supervised by :

Dr.Maher Amro

Abstract

The idea of the project is structural design of “Veterinary Services Building" in old

The project is consists of five floors in which the convenience of customers and

building guests are available, refuge for risk situation.

We were used ACI code and structural designing programs such as, ATIR,

AutoCAD, and we studied old graduation projects, that include detailed structural

Our project will include detailed structural study the analysis of the construction

elements and the expected various loads and then the structural design of elements

and the preparation of shop drawings based on the prepared design.

vii



Table of Contents
Cligiaal) (uygd

daiual) a8,

i Ll Olgindl dadea
i ol i dadia
i ZA e dadka pulll Bilgd daiua
v sy dada
v Sailly SA) dada
Vi daspd) Ll adla) dada
vii A5ulaiy) Al Gadlal) dada
Xii-xiii ChLaidy) Aol dada
1 danial) V) Jeadl)
2 Lasial) 1-1
2 g8 al) il 2af 2-1
3 gosdall Al<iia 3-1
3 £ pdall ACiia 393 4-1
3 Silalecal) 5-1
3 g siall  guch 6-1
4 g9 pual) i )a) 7-1
5 Slaral) Chuag | S Jadl
6 daska 1-2
6 ol e daal 2-2
7 g3 ual) adiga 3-2
8 1Y) Jablwal) Cinag 4-2
8 Ligul) (3l 1-4-2
9 ) 2-4-2
10 J) Gallal) 3-4-2

viii




11 A (il 4-4-2
12 GEY galal) 5-4-2
13 algalsl) iy 5-2
13 48,8 dgalsl 1-5-2
13 dugiad) dgalgh 2-5-2
14 L) dgals) 3-5-2
14 Al dgals) 4-5-2
17 ALY Chuagl) A (i WY
18 dasia 1-3
18 ALY asanatl) Cisa 2-3
19 riall b ALY pualiall Ay lal) cilua)a) 2-3
19 Jlaa¥) 1-3-3
19 el Jlaaly) 2-3-3
20 dal) Jlal 3-3-3
21 A Jlaal 4-3-3
21 L 1-4-3-3
21 ol [ 2-4-3-3
22 SO 3-4-3-3
23 4Laay) ualial 4-3
23 il At 1-4-3
22 dabially Aiaaal) ciadad) 1-1-4-3
24 gl slady) cild cuandl cilaie | 2-1-4-3
24 O laty) Gl cuanl) Cilade 3-1-4-3
25 gl 2-4-3
26 Baacy) 3-4-3
27 (0l Ghaa) Alalad) ¢fpasd) 4-4-3
28 clulad) 5-4-3
29 z L) 6-4-3
30 AUy sl 7-4-3
31 24l Jualgd 8-4-3




30 Structural Design & Analysis Chapter 4
31 Introduction 4.1
32 Design Method and Requirements 4.2
33 Check of Minimum Thickness of Structural Member 4.3
36-37 Design of Topping 4.4
36-52 Design of One Way Rib Slab (rib 5) 4.5
52-60 Design of Two Way Solid Slab 4.6
61-69 Design of Two Way Rib Slab 4.7
69-79 Design of Beam 4.8
80-84 Design of Column 17 4.9
85-98 Design of Stair 4.10
101-105 Design of shear wall 4.11
106-107 Design of Basement wall 4.12
108-115 Design of Isolated footing F1 4.13
114 Gldalal) (EN]]
115 Appendix A: Architectural Drawings 5.1
116 Appendix B: Structural Drawings 5.2
117 k) 53
118 Cluagl 5.4
119 aalally Jalaal) 5.5
dslaal) gt
4 2017/2016 duaball diadl N5 gapdall il Joandl | (1-1) Jssa
19 dariiuall dgall Aegil) 486N [ (3-1) Jg
20 4all JLal | (3-2) de
21 A pha oo N s zalil) Jlaf dad | (3-3) s
33 Check of Minimum Thickness of Structural Member | Table (4.1)
34 Dead Load Calculation of Topping | Table (4.2)
38 Dead Load Calculation of Rib (R5) | Table(4-3)




56 Dead Load Calculation of Solid Slab | Table (4.4)
56 Moment Calculation of Solid Slab | Table (4.5)
63 Dead Load Calculation of Horizontal Solid Slab | Table (4.6)
64 Calculation of Moment Two-way Rib Slab | Table (4.7)
86 Dead Load Calculation of Flight | Table (4.8)
920 Dead Load Calculation of Middle Landin | Table (4.9)
94 Dead Load Calculation of Main Landing | Table (4.10)
JSEN Gy
7 zoikal) slidly ) dakd (2-1) J<a
8 Ly (il Jabaia (2-2) Je&
9 ) (i) hlda (2-3) Js&
10 Js¥) Galal) Jakaia (2-4) Js&
11 (AL (Ul Jalaie (2-5) Jsa&
12 G glkall Jakaiia (2-6) J<a
13 Ad,al dgals) (2-7) Js&
13 dugial) dgalsh (2-8) Js&
14 Ldlad) dgalsh (2-9) Jsa&
14 daad dgalsl (2-10) Js&
24 2algll olad¥) cld cuand) ads (3-1) Js&
24 CAlay) @ quanl) S (3-2) Js&
25 Brsamually BY Al ) guual) JICE] (3-3) <&
26 sy JICE] (gaa) (3-4) J<a
27 oalll i (3-5) Jsa&
28 Lyiial) Caled) (3-6) Js&
29 o (3-7) Jsa&
30 ‘éému\ Jlaa (3 8) <&
34 Topping Load (4-1) Jsa&
37 One-Way Rib Slab (R 5) (4-2) Jsa
37 Statically System of Rib (R 5) (4-3) Jsa
39 Statically System and Loads Distribution of Rib (R 5) (4-4) Js&

Xi




40 Shear and Moment Envelope Diagram of Rib (R 5) (4-5) Jsa
50 Two Way Solid Slab (4-6) Jsa
53 section of beam 1,4 (4-7) Jsa
54 section of beam 2 (4-8) Jsa
56 section of beam 3 (4-9) Jsa
61 Two Way Rib Slab (4-10) Js&
62 Section of Rib (4-11) Js&
70 Statically System of Beam (B 5). (4-12) J<a
70 Loads Distribution of Beam (B 5). (4-13) J<a
72 Shear and Moment Envelope Diagram of Beam (B5) (4-14) J<a
72 Reactions of Beam (B 5) (4-14) J<a
84 Column Reinforcement (4-15) Js&
85 Stair Plan (4-16) Js&
86 Stair Section (4-17) Js&
87 Statically System and Loads Distribution of Flight (4-18) <
88 Shear and Moment Envelope Diagram of Flight (4-19) Js&
91 Statically System and Loads Distribution 0f Middle Landing (4-20) <
92 Shear and Moment Envelope Diagram of Middle Landin (4-21) J<a
95 Statically System and Loads Distribution of Main Landing (4-22) <
95 Shear and Moment Envelope Diagram of Main Landing (4-23) <
98 Stair Reinforcement Details (4-24) s
98 Stair Reinforcement Details (4-25) Js&
99 Shear Wall (4-26) Js&
99 Shear Diagram of Shear Wall (4-27) J<a
100 Moment Diagram of Shear Wall (4-28) Jsa
104 Basement wall plan (4-29) J<a
104 shear of basement wall (4-30) Jsa
106 Foundation Section (4-31) J<a
112 Foundation Reinforcement Details of plan (4-32) J<a
113 Foundation Reinforcement details of section (4-33) J<a

xii




List of Abbreviations

Ac = area of concrete section resisting shear transfer.

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

Cc = compression resultant of concrete section.

Cs = 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.

fc = compression strength of concrete .

Fy = specified yield strength of non-prestressed reinforcement.

h = overall thickness of member.

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.

Lw = length of wall.

M = bending moment.

Mu = factored moment at section.

Mn = nominal moment.

Pn = nominal axial load.

Pu = factored axial load

S = Spacing of shear or in direction parallel to longitudinal reinforcement.
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V¢ = nominal shear strength provided by concrete.

Vn = nominal shear stress.

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

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

W = width of beam or rib.

Wou = factored load per unit area.

® = strength reduction factor.

€ = compression strain of concrete = 0.003mm/mm.

&€s = strain of tension steel.

£&s = strain of compression steel.

p =ratio of steel area .
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Chapter Four

Structural Analysis and Design

4-1 Introduction.

4-2 Design Method and Requirements.
4-3 Check of Minimum Thickness of Structural Member.
4-4 Design of Topping.

4-5 Design of One Way Rib Slab.

4-6 Design of Two Way Solid Slab.

4-7 Design of Two Way Rib Slab.

4-8 Design of Beam.

4 -9 Design of Column 17.

4 -10 Design of Stair.

4 -11 Design of shear wall.

4 -12 Design of Basement wall.

4 -13 Design of Isolated footing F1.
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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:-

0 Lightweight concrete with unit weight from about 1350 to 1850 kg/m3.

0 Normal weight concrete with unit weight from about 1800 to 2400 kg/m3.

0 Heavyweight concrete with unit weight from about 3200 to 5600 kg/ma3.
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Chapter Four Structural Analysis and Design

4-2 Design Method and Requirements

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.

e Code: -
ACIl 2008
UBC

e Material:-
Concrete:- B300
fc'=30N /mm?(MPa) For circular section

but for rectangular section ( fc'=30*0.8 = 24MPa).

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+16Lc ACI-code-318-08(9.2.1)
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Chapter Four Structural Analysis and Design

4.3 Check of Minimum Thickness of Structural Member

Table 4-1 :- Minimum Thickness of Nonprestressed Beam or One-Way Slabs Unless Deflections are
Calculated. (ACI 318M-11).

Table (4.1): Check of Minimum Thickness of Structural Member.

For Rib :-

hminfor(one end continuous)=L/18.5=5.4/18.5=29.2cm
hminfor(both end continuous)=L/21=3.6/21=17.2cm
hminfor(Cantilever)=L/8=2.4/8=30cm

hminfor(Simply supported)=L/16=3.2/16=20cm

Takeh =35cm

27 cm block + 8 cm topping = 35cm

For Beam :-

hminfor(one end continuous)=L/18.5=5.4/18.5=29.2cm
hminfor(both end continuous)=L/21=7.2/21=34cm
hminfor(Simply supported)=L/16=7.2/16=45cm

Takeh =35cm
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Chapter Four Structural Analysis and Design

4.4 Design of Topping

v Statically System For Topping :-

Consider the topping as strip of (1m) width, and span of mold length with both end fixed in the ribs.

Wu

I T

40 cm

V7

Fig 4.1: Topping Load.

v" Load Calculations:-

Dead Load :-

0.03*23*1 = 0.69 KN/m

0.03*22*1 = 0.66 KN/m

0.07*17*1 = 1.19 KN/m

0.08*25*1 = 2.0 KN/m

Table (4.2 ): Dead Load Calculation of Topping.

34
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Live Load :-
L. =5 KN/m?

L. =5 KN/m?x1m=5KN/m
Factored Load :-
Wy =1.2 x4.54 + 1.6x5 =13.45 KN/m

Check the strength condition for plain concrete, @M, > My, where g = 0.55

Mn=0.42 1/ Sm (ACI 22.5.1, equation 22-2)
S = 220 = 105 _ 1066666.67 mm’

@My =0.55%1x+/24 x1066666.67 x107° =1.232 KN.m

_ Wt
12

My = 0.18 KN.m (negative moment)

_ WLt

My = 0.089 KN.m (positive moment)

i

ﬂMn >> Mu: 0.18 KN.m

No reinforcement is required by analysis. According to ACI 10.5.4, provide Asmin for slabs as
shrinkage and temperature reinforcement.

Pshrinkage = 0.0018 ACI 7.12.2.1
As= pxbxhiopping =0.0018 x1000x80 = 144 mm?/m

Step (s) is the smallest of:

1. 3h = 3x80 =240 mm control
ACI1 1054
2. 450mm.
3. s =380(%%) — 2.5¢, = 380 (EBD ) —2.5.20 = 330mm
£ 2420
but S<300 (%) =300 (;Bf'ﬂ) = 300mm ACI 10.6.4

Take 0 8 @ 200 mm in both direction , S =200 mm < Smax = 240 mm ... OK
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4.5 Design of One Way Rib Slab

Requirements For Ribbed Slab Floor According to ACI- (318-08) .

bW > 10CM. ...t ACI(8.13.2)
Select bw=12 cm

R <3.5%DW oot ACI(8.13.2)
Select h=35cm<3.5*12= 42cm
1> /12250 oo ACI(8.13.6.1)

Select tf=8cm

< Material :-

= concrete B300 Fc' = 24 N/mm?
= Reinforcement Steel fy = 420 N/mm?

«» Section :-

B =520 mm

Bw=120 mm

h= 350 mm

t= 80 mm
d=350-20-10-12/2= 314 mm

R R
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v" Statically System and Dimensions:-

— I I I =
| | | Q ()
-—I-/_'l-__-———— =) LT =l [
— — ~
T e | =
= - T —— =1 :—E'( =
L] T
|..--H | ] = m ) ) |
%?n
f =
Fig 4.2: One-Way Rib Slab (R 5).
LLE.EKN/M
DLECKN/M
N
3.6000 3.6000 3.6000 3.8000 3.2000

Fig 4.3: Statically System and Loads Distribution of Rib (R 5).

35

]t 40 12—
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v" Load Calculation:-

Dead Load :-

0.03*23*0.52 = 0.358 KN/m/rib

0.03*22*0.52 = 0.343 KN/m/rib

0.07*%17*0.52 = 0.618 KN/m/rib

0.08*25*0.52 = 1.04 KN/m/rib

0.27*25*0.12= 0.81 KN/m/rib

0.27*15*0.4 = 1.62 KN/m/rib

0.02*22*.52= 0.228/rib

1.5%0.52=0.78

Table(4-3): Dead Load Calculation of Rib (R 5).

Dead Load/rib=6 KN/m

Live Load:-

Live load = 5 KN/M?

Live load /rib =5 KN/m? x 0.52m = 2.6 KN/m.
% Effective Flange Width ( b.) :- ACI-318-11 (8.10.2)

b: For T- section is the smallest of the following:-
b, =L/4=380/4=95cm
b, =12+ 16t=12 + 16 (8) = 140 cm

b. = be < center to center spacing between adjacent beams = 520 mm. Control

b:  For T-section =52 cm.
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1 2 3 4 5 ]
1 2 3 4 5
A A A A A
I:: I, LT LT I, A:]
A A A A A
08, 3. 0.6, 3. 0.6, 3. 0.8, 3.3 08, 2.6 08,
I T T T T T T T T T T 1
| 3.6 . 3.6 \ 3.6 | 3.9 . 3.2 ,
r T T T T 1
52.
35.
12.
A—A
Loading
load group no. 1
Dead load - Service Units:kN,meter
6.00 6.00 6.00 6.00 6.p0
3.6 3.6 3.6 3.9 3.2
Live load - Service Load factors: 1.20,1.2001.60,0.00
2.60 2.60 260 2.60 2.60
3.6 3.8 3.6 38 3.2

Fig 4.4: Statically System and Loads Distribution of Rib (R 5).

Momenis: spans 1f0 5§
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-28.8 . 257 76.8
-20.8 -
52 ATT 1&.8 -18.8
— 1 I I 1 I I I I
T T T T T T T T T
i14
168.4
10.4 18.1 18.4 18.5
26.1 244 6.4 265
Reactions
Faciored
— ] ] ] —1 ]
I L 11 I Tt ™
DeadR 1231 3553 20.78 3288 34 54 10.38
LiveR 7.2 19.38 18.49 18.24 1879 648
Max R 18.42 54.88 48.25 52.1 53.33 18,88
Min R 11.48 42,84 3547 3822 42.08 a8
Service
DeadR B.78 2538 21.28 2347 24 87 T42
LiveR 418 11.38 10.88 11.32 11.05 3.81
Max R 1288 36.78 3214 T8 3572 11.23
Min R B.28 2088 24 62 2722 281 671

Fig 4.5: Shear and Moment Envelope Diagram of Rib (R 5).

v Moment Design for (R 5):-

4.5.1 Design of Positive Moment for (Rib 5 ):-(Mu=14.4 KN.m)

Assume bar diameter g 12 for main positive reinforcement

d =h- cover - dsirmups — 22 = 350 — 20 — 10 — = = 314 mm

Check if a > hr to determine whether the section will act as rectangular or T- section.

Mnf =0.85. b, . hy. (d — )

=0.85 %24 XSEIJXSIJX(EI-’-L—

M 1
Mnf > =
vl o
be =520 mm.
Ro— M _ 14.4%10%
n Obd* 0.9x520 %3143

=0.312 Mpa

20

-
r

40

] % 106 = 232.53 KN.m

===16 KN.m, the section will be designed as rectangular section with
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fy _ 420

7 = 20.6
0.85f,  0.B5x24

I > ¥ -~
pm2(1- -2 )= (1 [1- P20 ) e6s x 10

Asreq = p.b.d = 7.4863 x 107* x520%x314 = 122.24 mm?

Check for As min:-

As Min = ACI-318 (10.5.1)
As min :ﬂ(lZO)(C%M) =109.877mm?
4(420)

s =—— (bw)(d
As min (fy)(W)()

As min =i'—24(')(120)(314) —125.6mm? controls

ASreq= 122.24 mm? < Asmin=125.6 mm?  OK

Use 2 9 10, As,provided = 157.08 mm2 > As,required 125.6 mm2 .... Ok

120—40-20— |¢x1|}::|
S= 1

=40 mm > d, = 10 = 25 mm oK

Check for strain:-

A5fy  _ 157.08x420
0.8556 f.  0.85x520x24

= 6.22 mm

=]

=
I‘\-.'l
B2

c=—= = 7.32 mm
T

.85
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e, = 0.003 (=2) = 0.003 (*:"2) = 0.1256 > 0.005 ok

-

4.5.2 Design of Positive Moment for (Rib 5 ):- (Mu=8.4 KN.m)

d =h- cover - dstirrups — =2 = 350 — 20 — 10 — = = 314 mm
g.4x106
R=3 E'bce"- T 0.9x520 %3142 0.182 Mpa
=& = 20 _ 06

0.85fF  0.85x24

.M.R, 1 I 2x20.6x0.182
p==(1—- [1 -8 )= 1— [1——="—""" |=4353 x10™*
aY 420 20.6 Y 420

Asreq = p.b.d = 4353 x 107¥x520x314 = 71.073 mm?

Check for As min:-

As min = V ACI-318 (10.5.1)
As min :ﬂ(lzo)(sm) =109.877mm?
4(420)

As min _m(bw)(d)

As min =%(120)(314) —125.6mm? controls

ASreq= 71.073 mm? < Asmin= 125.6 mm?>  OK
Use 2 g 10, As,provided = 157.08 mm2 > As,required = 125.6 mm2 ... Ok

120—40—-20—{2x10]
1

S= =40 mm > d, = 10 = 25 mm OK
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Check for strain:-

_ fsfy  _ 157x420
T0.85b f] 0.85x520x28 6.22 mm
a 622
C=—= = 7.32mm
B,  0.85
e. = 0.003 (=) = 0.003(22222) = 0.1257 > 0.005 ok
= e 7.32

4.5.3 Design of Positive Moment for (Rib 5):- (Mu=9.5 KN.m)

Assume bar diameter g 12 for main positive reinforcement

d =h- cover - dsirrups — 22 = 350 — 20 — 10 — = = 314 mm

M, __ 5Exi0®
Rn= Gbd®  0.9x520x3142 0.209 Mpa
. 420
m=_1r_ = = 20.6

0.85F)  0.B5%24

2m [, 2x20.6x0.2
pzi(l_ h—ﬂ) 1 (1_ [ — 2x20Ex0208 )=5.nuz x 107
m Rt 420 20.6 Y 420

Asreq = p.b.d =5.002 x 10™* x520x314 = 81.672 mm?

Check for As min:-

_J_

As

ACI-318 (10.5.1)

As min :£(120)(314) =109.877mm?
4(420)
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1.4

As min =——(bw)(d)
(fy)

As min :%(120)(314) —125.6mm? controls

ASreq= 81.672 mm? < Asmin=125.6 mm?  OK
Use 2 0 10, As,provided = 157.08 mm2 > As,required = 125.6 mm2 ... Ok

_ 120-40-20—(2x10) _
1

S

40 mm > d, =10 = 25 mm OK

Check for strain:-

_ fsfy 157420

= ; = = .22 mm
0.85b f,  0.B5x520x24

) 6.22
c=—=

= = 7.32mm
B, 085

d—c 314-7.32

e, = 0003 (

} = 0.003{ ] =0.1257 > 0.005 0k

c

-

4.5.4 Design of Positive Moment for (Rib 5 ):- (Mu=10.8 KN.m)

Assume bar diameter g 12 for main positive reinforcement

d =h- cover - dstirmps — 22 = 350 — 20 — 10 — = = 314 mm

-
. r

My, _ 1o8wio®

" Bea® | 0.9w520 %314 0.234 Mpa
. 420

=0 = =206

m=—t5 =
0.85f- 08524

2m I 220 .2
p:i(l_ lll_" 'R"l ): 1 (1— ll—M)=5.6D3 Xlﬂ_‘}
m Al 420 20.6 Al 420

Asreq=p.b.d =5.603 x 10™* x520x314 = 91.498 mm?
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Check for As min:-

. 4/ fc
AsMin= bw)(d ACI-318 (10.5.1
| 4(fy)( w)(d) ( )

As min :£(120)(314) =109.877mm?

4(420)

1.4
< min =—— (bw)(d
As min (fy)(W)()

As min :%(120)(314) =125.6mm? controls

ASreq= 81.672 mm? < Asmin=125.6 mm?  OK
Use 2 ¢ 10, As,provided = 157.08 mm2 > As,required = 125.6 mm2 ... Ok

120—-40-20—(Zx10)
S —_ —_

T 40 mm > d, =10 > 25 mm OK

Check for strain:-

A ro 2
_ Asfy = 1S7X420 oo
0.858 f. 0.85 520 =24
) 6.22
c=—= = 7.32mm
B, 085
e, = 0003 (=2) = 0.003 (*272) = 0.1257 > 0.005 0k

4.5.5 Design of Positive Moment for (Rib 5 ):- (Mu=10.9 KN.m)

Assume bar diameter g 12 for main positive reinforcement

d =h- cover - dsirmps — 22 = 350 — 20 — 10 —— = 314 mm

My, _ 1o8wio®
Rn= Bbd®  0.9%520x314f 0.236 Mpa
__fy _ a0 _ 20.6

0.85f  0.85%24
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— EE—
p=i(1— I|1_&-?f"h'*'='.-1 ): 1 (1_ lll_M ):5_.552 x 10~%
- -».4 420 20.6 ~ 420

Asreq = p.b.d =5.652 x 10™* x520x314 = 92.285 mm?

Check for As min:-

_J_

As

ACI-318 (10.5.1)

As min =£(120)(314) =109.877mm?
4(420)

As min —m(bw)(d)

As min =%(120)(314) —125.6mm? controls

ASreq= 81.672 mm? < Asmin= 125.6 mm?>  OK

Use 2010, As,provided = 157.08 mm2 > As,required = 125.6 mm2 ... Ok

120—40-20— |¢x1|}::|
S= 1

=40 mm > d, = 10 = 25 mm oK

Check for strain:-

Az Fo 2
a=—J ;= 15TX220  — 622 mm
0.85b _fl:. 0.85 =520 =24
(i G.22
c=—= = 7.32mm
B, 085
e =0.003(%5) = 0.003 (22722 = 0.1257 > 0.005 ok
= c 7.32
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4.5.4 Design of Negative Moment for (Rib 5 ):- (Mu=-11.5 KN.m)

Assume bar diameter g 12 for main Negative reinforcement

d =h- cover - dstirrups — =2 = 350 — 20 — 10 — = = 314 mm
11.5x 108
Ri=3 E'bce“ T 09x120 %314 1.079 Mpa
= = 20 _ 06

0.85f]  0.85x24

I .. 5 [ T
p= 1— ||1_;m.Rn 1 (q_ ||1_¢xtu.ex1.c-?-3- — 2641 % 10-3
y 420 20.6 A 420

Asreq = p.b.d = 2.641 x 1073 x120x314 = 99.508 mm?

Check for As min:-

_J_

As

ACI-318 (10.5.1)

Jﬂ

As min =—="_(120)(314) =109.877mm?
4(420)
As min =—— (bw)(d
i ( fy)( )(d)

As min :%(120)(314) —125.6mm?  controls

ASreq =99.508 mm2 < ASmin= 125.6 mm2

Use 2 ¢ 10, As,provided = 157.07 mm2 > As,required = 125.6 mm2 ... Ok

=40 mm > d, = 10 = 25 mm oK

120—40-20— |¢x1|}::|
S= 1
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Check for strain:-

Az fo . 2
— .S.f} = 157.07 =420 = 6.22 mm
0.858 f 0.85 520 =24
) 6.22
c=—= = 7.32mm
B, 085
e, = 0003 (=2) = 0.003 (*272) = 0.1257 > 0.005 0k

4.5.5 Design of Negative Moment for (Rib 5 ):- (Mu=-8.2 KN.m)

Assume bar diameter g 12 for main Negative reinforcement

d h cover - dst|rrups == =350—-20—10—— =314 mm

2

M 8.2x106
Ri= —% = - =0.771 Mpa
Bbd 0.9x120 X314

fy _ 420
0.85f)  0.85x24

= 20.6

[ zmm, | —
p= 1— |1 _rmBy |\ _ 1 [, I|1 _2X206X0771 | _ 4 oo o 1073
y 420 20.6 A 420

Asreq = p.b.d=1.872 x 1077 x120x314 = 70.53 mm?

Check for As min:-

_J_

As

ACI-318 (10.5.1)

As min =£(120)(314) =109.877mm?
4(420)

s =—— (bw)(d
As min (fy)(W)()

As min =%(120)(314) —1256mm®  controls

48



Chapter Four Structural Analysis and Design

ASreq = 70.53 mm? < Asmin= 125.6 mm?
Use 2 6 10, As,provided = 157.07 mm2 > As,required = 125.6 mm?2 ... Ok

S— 1:0—4u—in—|:2x1ﬂ} =40 mm > d, = 10 > 25 mm OK

Check for strain:-

_ fAsfy  _ 157.07x420

= ; = = 6.22 mm
0.85b fl:. 0.85x520x24
(i G.22
cC=—= = 7.32mm
B, 0.85
£, = 0.003 [”j} = 0.003 {31‘;';'“) = 0.1257 = 0.005 ok

4.5.6 Design of Negative Moment for (Rib 5 ):- (Mu=-10.1 KN.m)

Assume bar diameter g 12 for main Negative reinforcement

d =h- cover - dstirmps — 22 = 350 — 20 — 10 — = = 314 mm

-
. r

My 10.1x%10%
= = = 0.949 Mpa
Ok d? 0.9%120 = 3142 P

n

_ fy _ 420

m= 7= = 20.6
0.85f,  0.85x24

1 Zm.R 1 I 2x20.6x0.545
p=—(1— f[1-= “)z (1— |'1—“;)=2.315x10‘3
m aY 420 20.6 aY 420

Asreq = p.b.d=2.315 x 1077 x120x314 = 87.22 mm?
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Check for As min:-

As min = ) ACI-318 (10.5.1)
As min = V24 (120)(314) =109.877mm>

4(420)

.14
A =——(bw)(d
s min (fy)( w)(d)

As min —'—%(120)(314) =125.6mm*  controls

ASreq = 87.22 mm? < Asmin= 125.6 mm?

Use 2 6 10, As,provided = 157.07 mm2 > As,required = 125.6 mm?2 ...

120—40—-20—{2x107)
1

S= =40 mm > d, = 10 = 25 mm OK

Check for strain:-

Az fo. ' 2
a= .S.f} = 157.07 =420 = 6.22 mm
0.858 f; 0.85 <520 =24
v B2
C=—= = 7.32mm
B, 085
e, = 0.003 (=2) = 0.003 (2222) = 0.1257 > 0.005 0k

4.5.7 Design of Negative Moment for (Rib 5 ):- (Mu=-10.4 KN.m)

Assume bar diameter g 12 for main Negative reinforcement
d =h- cover - dstirmps — 22 = 350 — 20 — 10 — = = 314 mm

10.4 % 105
= = = 0977 Mpa
ﬁbd"- 0.9x120 = 3143 P

Rn=

50
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fy _ 420
0.85f)  0.B5%24

[ zmm, | —
p= (1 -4 12 ) = «és(l —1}'1 — =T ) = 2.385 x 1073

= 20.6

Asreq = p.b.d = 2.385 x 1073 x120x314 = 89.858 mm?

Check for As min:-

As mln-

ACI-318 (10.5.1)

ﬂ

(120)(314) =109.877mm>
4(420)

As min =

.14
A =——(bw)(d
S min (fy)( w)(d)

As min :%(120)(314) =125.6mm*  controls

Asreq = 89.858 mm? < Asmin= 125.6 mm?

Use 2 g 10, As,provided = 157.07 mm2 > As,required = 125.6 mm?2 ...

120—40—-20—{2x107)
1

S= =40 mm > d, = 10 = 25 mm 0K

Check for strain:-

_ fsfy  _ 157.07x420

; = = 6.22 mm
0.85b fl:. 0.85x520x24
2 6.22
cC=—= = 7.32mm
B, 085
£, = 0.003 (“;‘} = 0.003 {31‘;';'“) = 0.1257 = 0.005 ok
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v" Shear Design for (R 5):-

Vu at distance d from support = 20.8 KN

Shear strength V., provided by concrete for the joists may be taken 10% greater than for beams.
This is mainly due to the interaction between the slab and closely spaced ribs. (ACI, 8.13.8).

Ve :% AJF b,d= % /24 x 120 X 314 X 107% = 33.842 KN

@ V¢ =0.75%33.842 =25.382 KN
0.5 9 V¢ =0.5%25.382 =12.69 KN
O.SﬂVc<Vu<gVC

for shear design, minimum shear reinforcement is required (4 ), exception for Ribbed slab

v,min

No shear Reinforcement.
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4.6 Design of Two Way Solid Slab

E SolidgSlo

Fig 4.6 : Two Way Solid Slab.

«» Material:-

= concrete B300 Fc' = 24 N/mm?

= Reinforcement Steel Fy = 420 N/mm?

v" Slab Thickness Calculation:-

2(6.8+6.75) _q15m
180

Nmin =
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take hmin= 25 cm

4w ke

14 s 4

Fig 4.7 : section of beam 1 ,4 .

25(40 +10)(10 + 25/2) + 40*10*5
25(40 +10) + 40*10

Ye = =18.26 cm

_40*(18.26)° L 10*(8.26)° . 50*(6.74)°
3 3 3
l,=81178.51 + 5103.03 + 88160.07

Ford ox  loaf

lo

|

.

0.3

N
=
N
I~
Fig 4.8 : section of beam 2 .

_ 25(30+10*2)(10+ 25/2) +10*30*5
25(30 + 20) + 30*10

Y =19.12cm

_30*(19.12)> | 20*(9.12)° , 50*(15.88)°
3 3 3
ly= 69897.83+5057+66742.16=141696.99 cm*

o
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F 50 H 10 ’L

25

-

Fig 4.9 : section of beam 3.

Y.- BO*10*5+ (60*25)(A0+25/2) _ 513y
50*10+60*25

| 80*(16.87)° , 50*(18.13)° , 10*(8.13)°
3 3
lb= 96022.99 + 8956.13 + 1791.23= 106770.35 cm*

Exterior beam :-

3
|- (34+0.25 +102-15) *(0-25)" _ 494791.67 cm?

3
|- (3:4+0.25 +12.2)*(o.25) 50130208 e

Interior beam :-

3
;= 680+ 25 1220) “(25)" - 944010.42 cm

106770.35
O1- ————=0.213
501302.08
106770.35
O ———————=0.216
494791.67
88160.07
C13= — . =U.
501302.08
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141696.99
Og= ——=0.
944010.42

Sas=0.755

. _ In (0.8+fy/1400)
36+58(cc —0.2)

= 6800(0.8+420/1400)
36 +51(0.755 - 0.2)

=192.91 mm >125mm ok

For Two way solid slab, will use thickness of slab 25 cm.

v" Load Calculation:-

For the one-way solid slabs, the total dead load to be used in the analysis and design is calculated

as follows:-

-Load Calculation For the Horizontal Slab:- (For one Meter Strip)

Tiles 0.03*23=0.69
mortar 0.03*22=0.66
Coarse sand .07*¥17=1.19
RC concrete 0.25*25=8.75
plaster 0.02*%22=0.44
partitions 1.5%1=1.5
Weight of soil 18*%0.5=9

Table (4.4): Dead Load Calculation of Solid Slab.

Live load =5 Kn/m

-Wpb =1.2*19.75=23.7 KN/M
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WL=16*5=8 Kn/m

Wu=31.7 Kn/m

v" Moment calculations :-

Take case 7 :-
Coefficients Moment ( Kn/m?)
Caneg=0 0
Cobneg = 0.071 104.07
Caip = 0.027 29.59
Cajip = 0.032 11.84
Ch,ap = 0.033 36.16
Co1,p = 0.035 12.95

Table (4.5): Moment Calculation of Solid Slab.

4.6.1 Design of Positive Moment for long direction :- (Mu=49.11 KN.m)

Assume bar diameter ®14 for main reinforcement d =223

m=— Y420 _5s5
0.85*fc  0.85%24

Mu/ @
b>d?

Rn =

R = 49.11%10°/0.9
1000* (223)?

p=—(1- fp_2m*Rn,
m fy

1 ‘- \/1_2(20.59)(1.097)
20.59 420

=1.097 N/mm? (Mpa)

p ) =0.00269

As=p * b *d=0.00269* 1000 * 223=599.03 mm?
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Check for As min:-
AS min=p,.. *b*h =0.0018*1000* 223 = 450mm?

ASreq= 599.03 mm? > Asmin= 450 mm? 0K

Use g 12/15cm , As,provided = 678.58 mm2 > As,required = 599.03 mm2 Ok

Check for strain:-
Tension = Compression

A *fy=0.85* fc' *b*a
678.58*420=0.85*24*1000*a
a=13.97mm
c=2 139716 4amm
B, 0.85
e = 223-16.44
° 16.44

g, =0.0377 >0.005—— o0k

*0.003

4.6.2 Design of Positive Moment for short direction :- (Mu =41.43 KN.m)

fy 420

m = - = =20.59
0.85*fc  0.85*24

Rn = Mu—/¢
b*d?
6
Rn = 41.43*10°/0.9 =0.926 N/mm? (Mpa)

1000* (223)2

p=—(1- p_2m*Rn,
m fy

1 ‘- \/1_2(20.59)(0.926)
20.59 420

P ) = 0.00228

As=p*b*d=0.00228* 1000 * 223=503.36 mm?
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Check for As min:-
AS min=p_. *b*h =0.0018*1000* 223 = 450mm?

Asreq= 503.36 mm? > ASpin= 450 mm?

Use g 12/15cm , As,provided = 678.58 mm2 > As,required = 503.36 mm2 Ok

Check for strain:-
Tension = Compression

A * fy =0.85* fc' *b*a
678.58*420 = 0.85* 24*1000* a
a=13.97mm
c= 2 B39 16 44mm
4. 085
223-16.44
g =———
16.44

&, =0.0377 > 0.005—> 0k

*0.003

4.6.3 Design of negative Moment long direction:- (Mu=-104.07 KN.m)

m = fy - = 420 =20.59
0.85% fc  0.85%24

Mu/ ¢
b*d?

Rn =

Rn = 104.07*10°/0.9
1000* (223)°

p=t(1- _2m*Rn,
m fy

1 59)(2.
. ‘- \/1_ 2(20.59)(2.33) )
420

=2.33 N/mm? (Mpa)

= =0.00591
20.59

As=p*b*d=0.00591* 1000 * 223=1317.26 mm?
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Check for As min:-
AS min = p,.. *b*h =0.0018*1000* 223 = 450mm?

ASreq= 1317.26 mm? > Asmin=450 mm2 ok

Use g 16/15cm , As,provided = 1408 mm2 > As,required = 1317.26 mm2 Ok

Check for strain:-
Tension = Compression

A *fy=0.85*fc' *b*a
1539.38*420=0.85*24*1000*a
a=231.69mm
o =i=w=37.29mm
p 085
. = 223-37.29
° 37.29

&, =0.0149 > 0.005—— o0k

*0.003

v" Shear Design:-

Check for Wether Thickness Is Adequate For Shear:-
W, =0.29

Wp=0.71

The total load on the panel being ( 6.8 * 6.75 * 31.7 = 1455.03 KN )

The load per meter on the long beam is ( 0.71*1455.03/(2*6.8) = 75.96 KN/m )
The load per meter on the short beam is ( 0.29*1455.03/(2*6.75) = 31.26 KN/m )

Vu, max = 75.96 Kn/m

d=h-20-db=250-20-(14/2) =223 mm

60



Chapter Four Structural Analysis and Design

®Vce= %*d)*,/fc’*bw*d

= %*0.75*@ *1000*223 = 136.56 KN / 1 m strip

O®OVc=136.56KN > V, . =75.96 Kn/m strip

The thickness of the slab is enough.

4.7 Design of Two Way Rib Slab

m
Hna
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UL O0O000000
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.: s}
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00000000000
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Fig 4.10 : Two Way Rib Slab.

«» Material:-

= concrete B300 Fc' = 24 N/mm?

= Reinforcement Steel Fy = 420 N/mm?
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v" Slab Thickness Calculation:-

2(6.8+6.75) _15
180 '

hmin =

take hmin=35cm

* 3

1, =897 (35" _ 55583333 cm?
12
* 3

1, =807 (459" _ £57500 cm?
12
* 3

1, =207 (39" _ 178645.83 cm*
12

35

7f 12 /L

Fig 4.11: Section of Rib .

Y. - 40*8*4 +35*12*17.5
c=
40*8+35*12

=11.66cm

_52*(11.66)° _40*(3.66)° 12*(23.34)°
3 3 3
lip= 27477.53 - 653.71 + 5088.38 = 77682.2 cm*

Irib

Short direction L=6 m =600 cm :-
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Iy = (77682-2)5*2(300 *65) - 545269.29 cm

I, = (77682-2);2(600 *65) _ 993435.83 cm*

Long direction L=8 m =800 cm :-

| - (77682.2)*(400+80) _ 1066 46 cm?
52
N, 285833.33 .
545269.29
N 607500 _
99343583
. 178645.83 ..
545269.29

285833.33 -0

4= —————=0.398
717066.46
S0 = 1.863

. _ In (0.8+fy/1400)
36+58(a —0.2)

< 8000 (0.8 + 420/1400)
36 +5*%1.33(1.863—0.2)

Structural Analysis and Design

=186.99 mm > 125 mm ok

For Two way Rib slab, will use thickness of slab 35 cm.

v" Load Calculation:-

For the one-way solid slabs, the total dead load to be used in the analysis and design is calculated

as follows:-

# material

calculation

1 Tiles

0.03*23*0.52*0.52=0.187
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mortar

0.03*22*0.52*0.52=0.178

Coarse sand

.07*%17*0.52*0.52=0.322

RC concrete Rib

0.27*25*0.12%(0.52+0.4)=0.745

RC concrete T

0.08*25*0.52*0.52 = 0.541

Block 9%0.27**0.4*0.4 = 0.389
plaster 0.02*%22%0.52%0.52=0.119
partitions 1.5%0.52*%0.52= 0.406

Table (4.6 ): Dead Load Calculation of Horizontal Solid Slab.

Live load =5 Kn/m
D.L=2.887/0.52*%0.52 = 10.77 Kn
-Wpb=1.2*10.77 =12.812 KN/M
WL=1.6*5=8 Kn/m

Wu=20.812 Kn/m

v" Moment calculations :-
L/Lo=6/8 =0.75

Take case 7 :-

Coefficients

Moment ( Kn/m?)

Ca, neg = 0

0

Cb,neg = 0.044

30.48

Ca,d|,p = 0.051

12.23

Ca,||,p = 0.056

8.39

Coa1p = 0.020

8.53

Cp,1,p = 0.02

5.32

Table (4.7): Calculation of Moment Two-way Rib Slab.

4.6.1 Design of Positive Moment for long direction :- (Mu= 13.85 KN.m)
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Assume bar diameter ®14 for main reinforcement d =313

__ Y . 420,54

0.85* fc 0.85*24

R = Mu/ &
b*d?
I g
Rn = 13.85*10°/0.9 _ .0296 N/mm? (Mpa)
520*(313)2

p=£(1_ 1_2m*Rn)

mo fy
N \/1‘ 2(20.59)(0.296) ) - 0.000709

20.59 420

As=p*b*d=0.000709* 520 * 313=115.4 mm?

Check for As min:-

As min= ‘/_(b w)(d) ACI-318 (10.5.1)
ASs min = V24
4(420)

.14
=——(bw)(d
A's min (fy)( w)(d)

As min :%(120)(316) =126.4mm*  controls

ASreq = 115.4 mm? < Asmin= 126.4 mm?

Use 2 g 10, As,provided = 157.08 mm2 > As,required = 126.4 mm2 Ok

Check for strain:-

Tension = Compression
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A *fy=0.85* fc'*b*a
157.08*420 =0.85*24*520*a
a==6.22mm
cC= a2 —6'22 =7.32mm
B 0.85

313-7.32

E=———
7.32

g =0.127 > 0.005—— ok

*0.003

4.6.2 Design of Positive Moment for short direction :- (Mu = 20.62 KN.m)

fy 420

m=——"—F=_———__=20.59
0.85* fc 0.85*24

Rn = Mu—/¢
b*d?
Ry o 20.62*10°/0.9 _ o, N/mm? (Mpa)
520*(313)2
= l (1 - 1— M )
m fy
oL IO,
20.59 420

As=p*b*d=0.00106* 520 *313= 174.44 mm?

Check for As min:-

. fc’
A =Y " (bw)(d ACI-318 (10.5.1
S min 4(fy)( w)(d) ( )
As min = Y24 (120)(313) =110.58mm*

4(420)

.14
=—— (bw)(d
A's min (fy)( w)(d)
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A's min :%(120)(313) =126.4mm>  controls

ASreq = 174.44 mm? > Asmin= 126.4 mm? ok

Use 2@ 12, As,provided = 226.19 mm2 > As,required = 174.44 mm2 OKk

Check for strain:-
Tension = Compression

A * fy = 0.85* fc' *b*a
226.19*420 = 0.85*24*520*a
a==8.96mm
c=2 -89 16 54mm
B 085
. _313-1054
* " 1054

&, =0.087 > 0.005—> 0k

*0.003

4.6.3 Design of negative Moment long direction:- (Mu=-30.48 KN.m)

fy 420

m=——"=_——__=20.59
0.85* fc 0.85*24

Rn= Mu/ ¢
b*d?
Rn = 30.48*10° /0.9 =2.88 N/mm? (Mpa)
120*(313)?
=£(1_ 1_2m*Rn )
fy
N \/1_ 2(20.59)(0.44L) | o0
20.59 420

As=p*b*d=0.00743* 120 *313= 287.95 mm?
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Check for As min:-

\/_

As min= (bw)(d) ACI-318 (10.5.1)
ASs min = \/ﬂ
4(420)

.14
=——(bw)(d
A's min (fy)( w)(d)

A's min —4;2(120)(313) =126.4mm>  controls

ASreq = 287.95 mm? > Asmin= 126.4 mm? ok

Use 2 g 14 , As,provided = 307.89 mm2 > As,required = 287.95 mm2 Ok

Check for strain:-
Tension = Compression

A * fy =0.85* fc' *b*a
307.89*%420=0.85*24*120*a
a=>52.82mm

2 3252 _ 65 15mm

~ B 085
. = 313-62.15

° 62.15

&, =0.012 > 0.005——> 0k

*0.003

v" Shear Design:-

Check for Wether Thickness Is Adequate For Shear:-
Wa = 0.56

W,y = 0.44

The total load on the panel being (6 * 8 * 20.812 = 998.98 KN )
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The total load per rib at the face of the long beam is ( 0.56*998.98*0.52/2*8=18.18 KN )
The total load per rib at the face of the short beam is ( 0.44*998.98*0.52/2*6=19.05 KN )
Vu,face = 19.05 Kn/m

Vud = Vuy,face — Wubsd =19.05 — ( 20.812%0.52%0.313 )= 15.66 KN
d=h-20-db=350-20-10- (14 /2) =313 mm

®Vce= %*CD*,/fc'*bw*d

-1.1 %*0.75*@*120*316 = 25.54 KN

®Vc =25.54 KN >Vud=15.66 Kn/m strip
The thickness of the slab is enough.

4.8 Design of Beam

«» Material :-

= concrete B300 Fc' = 24 N/mm?

= Reinforcement Steel fy = 420 N/mm?

% Section :-
= B =600mm
= Bw=600 mm
= h=350 mm
= tf =350 mm

= d=350-40-10-20/2= 290 mm
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v" Statically System and Dimensions:-

P | Q.d
| /—\ —
o 7 A \ o 1 =
F i * s—
1 \ ]
| —
| el = 2 @ =1 = — =
= = = = — =
1 =a
Y — f i
T 1 LY F i
h Y F i
= = \\m/[ = =

Fig 4.12: Statically System of Beam (B 5).

Geometry Units:meter,cm

1 2 3 4
1 2 3
B i S — : ]
A A A
(0.3, 3.3 ,0.3, 15 0.3, 33 0.3,
I T T T T T T 1
. 3.6 | 1.8 | 36 .
r T T 1
35
60,
AA
Loading
load group no. 1
Dead load - Service Units:kN meter
4.2 4.2 439
3.6 1.8 36
Live load - Service Load factors: 1.20,1.20/1.60,0.00
24.0 24.0 23.5
36 1.8 3.6

Fig 4.13: Loads Distribution of Beam (B 5).
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v" Load Calculations:-

Dead Load Calculations for Beam (B 5 ):-

The distributed Dead and Live loads acting upon B 20 can be defined from the support reactions of
the R19.

From Rib 5

The maximum support reaction (factored) from Dead Loads for R5 upon B 5 is
21.32 KN, The distributed Dead Load fromthe R5 onB5.
Self weight =5.25 KN
DL =21.32/ 0.52= 41 + 5.25 = 46.25 KN/m

From Rib 6

The maximum support reaction (factored) from Dead Loads for R 6 upon B 5 is
19.61 KN, The distributed Dead Load fromthe R6 onB 5.
Self weight =5.25 KN
DL =19.61/0.52= 37.71 +5.25 = 42.96 KN/m

Live Load calculations for Beam (B 5):-

The maximum support reaction (factored) from Live Loads for R5 upon B 5 is 12.48 KN

The distributed Live Load fromthe Rib50onB5.

LL =12.48/0.52 = 24 KN/m

The maximum support reaction (factored) from Live Loads for R 6 upon B 5 is 12.22 KN The
distributed Live Load from the Rib6on B 5.

LL =12.22/0.52= 23.5 KN/m
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gnear
-198.4
-155.2 -138.
-108.7 5
-65.5
" 'l 'l i 4
1 1 1 ] I
71.8
99.7 115
142.8 ! 1471
188.1
er Fir nnes. pon
-105.6 .09 &
| G_S5I 0.6
L [ .1 | ]
T 1 1T T
. - \-/
103.4
1.44 “’?-3 2.16 ! 08 | 08 ! 2.16 f 1.44 !
Fig 4.14: Shear and Moment Envelope Diagram of Beam (B 5).
HREdaCuUns
Factored
f— ] - —
DeadR  B3.64 168.95 154,74 77.96
LiveR 59.2 144.41 142.15 58.05
MaxR 14285 313.36 296,89 136.01
Min R 82.41 175.74 160.91 76.72
Service
DeadR 69.7 140.79 128.95 64.96
LiveR ar. 90.26 BB.84 36.28
Max R 108.7 231.05 217.79 101.25
Min R 68.93 145.04 132.81 64.19

Fig 4.15: Reactions of Beam (B 5).

v Moment Design for (B 5):-

4.8.1 Flexural Design of Positive Moment for (B 5 ):-(Mu=108.3 KN.m)

Determine of Mn max
d =350 — 40 -10 — 20\2 = 290 mm
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3 3
£=—d=-=.290= 12429 mm
7 7

a=38B.c=12429=0.85 = 105.65 mm

Mnmax = 0.85f/ab(d - = ) =0.85*24*105.65*600*(290-105.65/2 ) *10°= 306.71 KN.m

@ Mnmax = 0.82* 306.71 = 251.5 KN.m >108.3 KN.m

Design as singly reinforcement

X M, 108.3 x 10° 5 381
1. = = = = = . o
@bd® 0.9 X 600 X 2902 P

Fe 420
m: ¥ 7 =
0.8 LB5x24

T [ axzoexz
p=i(1— lq — Zmfs ): 1 (1_ [ — 2x20ex23 )=0_00504
m 2 20.6 A 420

= 20.6

As = p.b.d =0.00604x600%290 = 1051.44 mm2

Check for Asmin :-
ASmin = —“fc(bw)(d) = £*600*290 =507.39 mm?
4( fy) 4*420
ASmin = ﬂ(bw)(d) = £*600*290: 580 mm2  Controls
(fy) 420

Asmin= 580 mm? < As = 1051.44 mm?

Use 4 g 20 Bottom, Asprovided = 1256.64 mm? > As.required = 1051.44 mm? ... Ok

Check spacing :-

E00—40=2—20—(4x20)
S —_ 3 —_

140 mm > d, = 20 = 25 OK

Check for strain:-

Az fo 1265.46 X420
= I = = 4342 mm
0.85b f,  0.B5x600x24

v 43.22
C=—=
B,  0.85

= 50.85 mm
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d—c 250 —50.85

50.85

e, = 0.003 (=2) = 0.003 ) = 0.0141 > 0.005 Ok

c

4.8.2 Flexural Design of Positive Moment for (B 5):-(Mu=103.4 KN.m)

103 .4=x10%

—_ J'dﬂ J— _
Rn= BEd®  0.9%600x290% 2.27Mpa.
Iy = 20— 206

m= 7=
0.85f, L35 =24

T [ Zxzoexzz
p=i(1— II1_¢-i"-"l~!1’f.~1 ): 1 (1_ lll_M )=0_005?4
m 4 420 20.6 A 420

As = p.b.d = 0.00574x600x290 = 999.57 mm?,

Check for Asmin :-

Asmin =0.25 % b,.d = ?—: b,.d

As min :D.EE‘E 600 X 290 = 507.4 mm®

As min = :‘; 600 X 290 = 580 mm> control

Asmin = 580 mm? < As = 999.57 mm?

Use 4 g 20 Bottom, Asprovided = 1256.63 mm? > As required = 999.57 mm? ... Ok

Check spacing :-

_ E00—40+2—20—(4x20) _
3

S

140 mm = d, = 20 = 25 OK
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Check for strain:-

_ Asfy  _ 1256.63 %420
0.855 fl  0.85x600x24

= 43.41 mm

c=2=2% _5107 mm
B, 085

d—c 250 —-51.07
c 51.07

e, = 0.003 (=2) = 0.003 ) = 0.0140 > 0.005 Ok

4.8.4 Flexural Design of Negative Moment for (B 5 ):-(Mu=-99.6 KN.m)

X M, 99.6 x 10° 5 100
1. = = = = = . o
@bd® 0.9 X 600 X 2902 P

fy _ 420
0.85f;  0.85x24

— I ——
p=i(1— ||1—"mR"‘ ): 1 (1_ lll_M):ﬂ_nu_ﬁﬁ;[
m A 420 0.6 A 420

As=p.b.d = 0.00561 x600x290 = 977.002 mm?

= 20.6

Check for Asmin :-

Asmin=0.25" "% b,,.d = 2 b,,.d
¥ ¥

24

420

Asmin =0.25 600 X 290 = 507.4 mm®

Asmin = ﬁeun X 290 = 580 mm? Control.

Asmin= 580 mm? < As = 977.002 mm?

Use 4 g 20 Top , Asprovided = 1256.63 mm? > As.required = 1027.82 mm?... Ok
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Check spacing :-

_ E00—40+2—20—(4x20) _
3

S

140 mm = d, =20 = 25 OK

Check for strain:-

Az o 1265.46 X420
= ro = = 43.42 mm
0.85b f,  0.B5x6E00x24

250 —50.85
50.85

£, = 0.003 (“;‘} = 0.003( ) = 0.0141 > 0.005 ok

4.8.3 Flexural Design of Negative Moment for (B 5 ):-(Mu=-105.6 KN.m)

M, 105.6 X 10°

u

En = - = -
@bd? 0.9 x 600 x 290°

= 2.33Mpa

e 420
m= b 7 =
0.85f, L35 =24

T [ axzoexz
p=i(1— lq — ZmEa ): 1 (1_ [q - Zx20ex2s ): 0.00591
m + 420 20.6 A 420

= 20.6

As=p.b.d = 0.00591 x600x290 = 1027.82 mm?

Check for Asmin :-

Asmin=0.25 " b,,.d = 2 b,.d
¥ ¥

24

420

600 x 290 = 507.4 mm°

As,min =0.25

1.4
420

Asmin = —600 X 290 = 530 mm* Control.

Asmin= 580 mm? < As = 1027.82 mm?

Use 4 3 20 Top , Asprovided = 1256.63 mm? > As.required = 1027.82 mm? ... Ok
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Check spacing :-

_ E00—40+2—20—(4x20) _
3

S 140 mm = d, =20 = 25 OK

Check for strain:-

Az o 1265.46 X420
= ro = = 43.42 mm
0.85b f,  0.B5x6E00x24

o 43.22
C=—=
T,  0.85

= 50.85 mm

d—c 250 —50.85

g, = u.nua( o

) = 0.003(

) = 0.0141 > 0.005 ok

c

v" Shear Design for (B 5 ):-

1-Vu=-155.2 KN

Vc:

[

Jfcb, d== Z\24x 60029+ 107 = 142.07 KN
® V= 0.75*142.07 =106.55 KN

® Vsmin > 0.75 (%) * w * d =0 .75 (%)*600*290*10'3 =435KN  Controls

® Vsmin > 0.75 (_Vl';c) *pw*d = 0.75*(%4) * 600 * 290*10°8 = 39.96 KN

D Ve<Vu <P Ve + d Vsmin
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106.55< 155.2 < 150.05...... not satisfied

Cases 1 &2&3 is not suitable

Case 4 :-

- ?w’ﬁbw d:i [24 = 600 = 290 =284.14 KN

El(vc + vs,mln} = vy = @(vc + vs")
0.75(142.07 + 58) < 155.2 < 0.75(142.07 + 284.14)
shear reinforcement are required

Use 2 leg @ 10

As =157 mm?

155.2
0.75

Vs=Vn—Vc= —142.07 = 64.86 KN

oo Aufred 157420290

= 294.83 mm
v, 64.86 = 1000
d 290
Smax = 5T 57T 145 mm control or 5,0, = 600 mm
Use2leg @ 10 @100mm
2-Vy = -147.1KN
Ve = %xﬁ'ﬁbw d== % [24+ 600 =29 % 1073 = 142.07 KN

® V= 0.75*142.07 =106.55 KN

® Vsmin > 0.75 (%) * bw *d =0.75* (%)*600*290*10‘3 =43.5KN Controls
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® Vsmin >075(\/—) *bw * d = 075*(‘/_) * 600 * 290*10°3 = 39.96 KN

D Ve<Vu<d Ve + & Vsmin
106.55< 155.2 < 150.05...... not satisfied

Cases 1 &2&3 is not suitable

Case 4 :-

v = i«fﬁbw d:i [24 = 600 = 290 =284.14 KN

El(vc + vs,min} = Uy = @(vc + ?.?3")
0.75(142.07 + 58) < 155.2 < 0.75(142.07 + 284.14)
shear reinforcement are required

Use2leg @ 10

As =157 mm?

155.2

Vs = Vn—Vc— —14207—6486KN

_ A,f,.d 157=420+%290
 w. 6486 =1000

=

= 294 .33 mm

d 290
2

= - = 145 mm control orT 5 = 600 mm

= max

max ::—:

Use2leg ® 10 @100mm
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4.9 Design of Column (17)

<+ Material :-
= concrete B300 Fc' = 24 N/mm?

= Reinforcement Steel Fy = 420 N/mm?

v Load Calculation:- (From Column Group A)

Service Load:-

Dead Load =1052.65KN
Live Load = 413.05 KN

Factored Load:-
Pu=1.2x 1052.65+ 1.6x413.05=1924.06 KN

v Dimensions of Column:-

Assumeog = 0.01

¢*Pn =0.65 x 0.8x Ag {0.85 fc'(l—pg) + pg*Fy}
1924.06=0.65 x 0.8x Ag {0.85 *24 (1-0.01) +0.01*420}
Ag=151668.936 mm?2

Assume Rec Section
b=50 cm h=35 cm

v" Check Slenderness Parameter:-

Klu < 34—12ﬂ <40
M2

Lu: Actual unsupported (Unbraced) length.
K: effective length factor.
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R: radius of gyration = \/L: ~03h . For rectangular section
Lu=35 -0.35=3.15m

M1/M2 =1

K=1 for braced frame.

e about X-axis (b= 0.5m)

kl_u<34_12ﬂ <40
r M2
1x3.15 _18< 22
0.5x0.35

Column Is Short About X-axis

e about Y-axis (h=0.35m)

I(I—u<34—12ﬂ <40

r M2
1X3—'15=18<22
0.35x0.5

Column Is short About Y-axis

v Minimum Eccentricity:-

ex:ey:M:O
u

minex =miney =15+0.03xh =15+ 0.03x350 = 25.5mm = 0.0255m
ex =ey =0.0255m

v Magnification Factor:-
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S, = C—fF“,u >1.0and <1.4
1_
0.75P,

Cm=0.6+ O.4(ﬂj >0.4
M 2

Cm=06+04*1=1>04

_ 7’El
“ (KLu)?
El
El =04—%
1+,

E, = 4700,/ fc' = 4700x+/24 = 23025.2Mpa

~12DL 1.2*(1052.65)

~066<1
Py Pu 1924.06
3 3
|- bxh® 05x0.35 _ 0.001786m"
12
£y _ 0:4x23025.2x0.001786 _ o o\ 11 o
1+0.66
2 %
=7 799 5 86mN
(1*3.15)
o. .= ; =1.35>1.0and <1.4
o 1924.06 = =
0.75*4720

v" Interaction Diagram:-
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Assumepg =0.01
ex=ey=e., x0, =0.0255x1.35=0.0344m

&x_ 00344 _ 1 0688

b 05

& _ 00344 _ hos3

h~ 035

y _500-2*40-2*10-18 _ .,
b 500

y _350-2%40-2*10-18 _ ..
h 350

@*Pnx _@*Pny
Ag Ag

=4.14MN

For % —0.663and pg = 0.01=

1000, 0.35*0.5

145
1000, 0.35*0.5

145

Pnx =2.23*

Pny =2.23* =4.14MN

v" Bressler Equation:-
1 1 1 1

Pn_ Pnx Pny Po

Po =0.8*350*500*{0.85*24*(1-0.01) +420*0.01}
Po=3.415MN

1_1 .1 1
Pn 2.13 2.13 3.415
Pn=1.56MN

@*Pn=0.65*2.23=0.98MN > Pu =0.51852MN
.. Safe

As=pg™*Ag
As =0.01*35*50 =17.5cm?2

Select8¢p18 = Asprov = 20.4cm2
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v" Design of the Stirrups:-

The spacing of ties shall not exceed the smallest of :-

spacing <16xd, =16x1.8=28.8cm
spacing <48xd, =48x1.0=48cm
spacing <leastdim=35cm

UseglO@ 20 cm
010@20
1L=160 D10@20
1.=49
42
1

= 11 11
54 27 27 27
on

1z 11
8D18
50cm

Fig 4.15: Column Reinforcement
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4-10 Design of Stair

Fig 4.16: Stair Plan.

«» Material :-

= concrete B300 Fc' = 24 N/mm?

= Reinforcement Steel Fy = 420 N/mm?

1- Design of Flight :-
v" Determination of Thickness:-

hmin = L/20
hmin = 3.30/20 = 16.5 cm
Take h=25cm

The Stair Slope by 6 = tan™(16.3 / 30) = 28.6°
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v" Load Calculation:-

+7.2

i |

Y
£
_ «

+5.4
25cm Concrete
3cm Tiles

3cmm Morter c
Zem  Plaster Jles f

— o
11835, +3.6

1.7m 32.3m 2.75m

Fig 4.17: Stair Section.

Dead Load For Flight For 1m Strip:-

23*0.03*1*((0.35+0.163)/0.3 ) = 1.18Kn/m

22*0.03*1*((0.3+0.163)/0.3 ) = 1.02Kn/m

25*%0.5*0.163*1 = 2.04Kn/m

25*0.25*1 / c0s28.6 ° = 7.11Kn/m

22*0.02*1 / c0s28.6° = 0.51Kn/m

Table (4.8): Dead Load Calculation of Flight.
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Live Load For Landing For 1m Strip = 5*1 =5 Kn/m

Factored Load For Flight :-

Wy = 1.2 x11.90 + 1.6x5 =19.9Kn/m

v" System of Flight:-

Service Live Load =5 Kn/m

Service Dead Load =11.9 KN/M

—
(/d/ .4—4:7” .-;*.J
— ’
// O.L =19.7 KN
" L.L=3825KN
= )
o
—
T
-
. =
..-"’-.f
T
.fe'{;,_:f.r':':
D.L=19.7KN
LL=825KN
3.3 M 0.5M
PR - O5M

Fig 4.18: Statically System and Loads Distribution of Flight.

Moments: spanltol

2.15. 51.5 2.15
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-37

37

Fig 4.19: Shear and Moment Envelope Diagram of Flight.

1-Design of Shear for Flight :- (Vu=37.0 Kn)

Assume bar diameter g 14 for main reinforcement

d =h- cover — 22 = 250 — 20 - £ = 223 mm

r

Ve = é\-"ﬁbw d== % [24% 1000 =223 = 182.1 Kn

® Vc=0.75*182.1 = 136.6 KN > Vu = 37Kn...... No shear reinforcement are required

2-Design of Bending Moment for Flight :- (Mu=51.5 Kn.m)

M 51.5x10°
Rni=—% = = 1.15 Mpa
b d*® 0.9x1000 x223° p

fy _ 420
0.85F)  0.B5%24

2m ' 2% 20,651
pzi(l_wlll_&- 'Rn)z 1 (1_ Il_M)=n_ﬂﬂggg

= 206

220 Rt 420

Asreq = p.b.d = 0.00282 x1000x223 = 630 mm?/m

Asmin= 0.0018*1000*250 = 450mm?/m

ASreq =630 mm2>As‘min:450mm2/m
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Check for Spacing :-

S =3h =3*300 =900 mm

S = 380*(>——) — 2.5*20 = 330
S *420

S =450 mm

S=330mm ......... is control

Use g12 @ 150 mm ,Asprovided= 770 mm2>As,required: 630mm?... Ok

Check for strain:-

_ Asfy _ 770x420

= ; = = 15.85 mm
0.85b f,  0.85x1000x24

c=2=25% _ 1365 mm
B, 085

d—c 173 — 18.65
) = 003 (73 1868

g, = 0.003 ( = s

) =0.025 > 0.005 ....0k
€

3-Lateral or Secondary Reinforcement For Flight :-

As req= Asmin =0.0018*1000%250 = 450mm?

Use g10@ 150mm ,Asprovided= 523 mm2>As,required: 360mm?... Ok

2- Design of Middle Landing :-

v" Determination of Thickness:-

hmin = L/20
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hmin =3.30/20 = 16.5 cm
Take h=25cm

v" Load Calculation:-

Dead Load For Solid 7 Landing For 1m Strip:-

23*0.03*1= 0.69Kn/m

22*0.03*1= 0.66Kn/m

25*0.25*1= 6.25Kn/m

22*0.02*1= 0.44Kn/m

Table (4.9): Dead Load Calculation of Middle Landing.

Live Load For Landing = 5*1 =5 Kn/m
Reaction From Flight:-

DL =19.7Kn/m
LL =8.25Kn/m

Total Dead Load = 8.04 + 19.7 = 27.74Kn/m
Total Live Load =5 + 8.25 = 13.25 Kn/m
Factored Load For Landing :-

Wy = 1.2 x27.74 + 1.6x13.25 =54.50Kn/m
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Chapter Four

v" System of Landing:-

ro— r— e

—_— ] ,r|.

— —_— — e
— B —] — —
— — '|s, p—
—_ — o
'|Q, p—l 'Ic p—
—_— | I — | S
. e — ——
Ly —d 4
Vl. | comm— | —d —d
e —
.I.,. —— — ——
— b =
tl... —— — e —
vl.., p— ].leo
o —s 42
— IWI.KI

| o] '|;51|..,M-|o
Ly g 1 *r—3
d-l. n p——ae:

O 8- s
— p—t -d —i or—
M]. o|.o, [ LYI.
mlw.l. .W] “].
A o 81
%I7.|‘.Clo.|.
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0 e O e e
Hae— e
.m.lna d.|., /) S—
e | w..lt —_— e
Q At od p—t e ]
|.v._] b =
e.|. W.|. - ]
Nvla r-— — p—
%th MT|4 — e
— ev|¢ — p—t
b (f) — —
e — e e e

15M

0.1M

15M

Fig 4.20: Statically System and Loads Distribution 0f Middle Landing.
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Shear

64.8 84.5

Fig 4.21: Shear and Moment Envelope Diagram of Middle Landing.

1- Design of Shear:- (Vu=64.8Kn)

Assume bar diameter g 14 for main reinforcement

d =h- cover — 22 = 250 — 20 - £ = 223 mm

r &

Ve = é\-"ﬁbw d== % [24* 1000 * 223 = 182.1 Kn

®* V=0.75* 182.1 = 136.6Kn> Vu = 64.8Kn...... No shear reinforcement are required

2- Design of Bending Moment :- (Mu=65.5Kn.m)

Assume bar diameter g 14 for main reinforcement

d =h- cover —2& = 250 — 20 — 2 = 223 mm

- -
r &

My £5.5x10°
= = = 1.46 Mpa
b d? 0.9x1000 x223% P

n

fr 420
0.85F)  0.B5%24

= 206
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I
_ 14 _ Jq_ZmBy)_ 1 _fg _ 2x20exias ) _
P= m (1 1,,' 1 420 ) 20.6 (1 ! ! 220 ) 0.0036

Asreq = p.b.d = 0.0036x1000%223 = 807.12 mm?

Asmin =0.0018*1000*250 = 450mm?

Asreq = 807.12 mm?......... is control

Check for Spacing :-

S =3h =3*300 =900 mm

S = 380%(z——) — 2.5*20 = 330
3 w4 20

S =450 mm

S =330mm ......... is control

Use g14@ 15mm ,Asprovided= 1026 mm2>As,required: 807.12 mmZ... Ok

Check for strain:-

_ Asfy 1026 x420

= ;= =21.14 mm
0.85b f,  0.25x1000x24

a 21.14
C=—=
B,  0.85

= 2487 mm

d—c 223 — 2487
) = 0003 (2222487

g, = 0.003 ( YT

) =0.024 = 0.005 ... ..0k
€

lateral or Secondary Reinforcement For Landing :-

As,reqz Asymin =0.0018*1000*250 = 450 mm2

Use g10 @ 150 mm ,Asprovided= 523 mm2>As,required= 450 mm?... Ok

3 - Design of Main Landing :-
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Chapter Four Structural Analysis and Design

v" Determination of Thickness:-

hmin = L/20
hmin = 3.20 /20 = 16 cm
Take h=35cm

v" Load Calculation:-

Dead Load For middle Landing For 1m Strip:-

23*0.03*1= 0.69Kn/m

22*0.03*1= 0.66Kn/m

25*0.35*1=8.75 Kn/m

22*0.02*1= 0.44Kn/m

Table (4.10): Dead Load Calculation of Main Landing.

LiveLoadFor Landing For 1m Strip =5*1 =5 Kn/m
Reaction From Flight:-

DL =19.7 Kn/m
LL =8.25 Kn/m

Total Dead Load = 10.54 + 19.7 = 30.24 Kn/m
Total Live Load =5 + 8.25 = 13.25 Kn/m

FactoredLoad For Landing :-
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Wy = 1.2 x30.24 + 1.6x13.25 = 57.48 Kn/m

v" System of Landing:-

Service Live Load = 825 KMN/M

LLLLILLL DDLU L LI EL LT
lSerwceDead Load = 19.7 KN/M

|
IAARRRRAR AR R RA AR RAR AR AR

Service Live Load =5 KMN/M

X LD O A A O P R O A L R PO O O O D 9

Service Dead Load = 1054 KMN/M

LLLLLL LD DL L PPV PP LT

1.5M 0.1 M 1.5 M

Fig 4.22 : Statically System and Loads Distribution of Main Landing.

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

Moments: span 1to

\ 1.51 69.165. 1.51

89.18462.764.

Fig 4.23 : Shear and Moment Envelope Diagram of Main Landing.

95




Chapter Four Structural Analysis and Design

3- Design of Shear:- (Vu=62.7 Kn)

Assume bar diameter g 14 for main reinforcement

d =h- cover — 22 = 350 — 20 - £ = 323 mm

r

d== é [24 % 1000 %323 = 263.7 Kn

®* V=0.75* 263.7 = 19.8Kn> Vu = 62.7Kn...... No shear reinforcement are required

4- Design of Bending Moment :- (Mu=69.1Kn.m)

Assume bar diameter g 14 for main reinforcement

d =h- cover — & = 350 — 20 — = = 323 mm

M £5.1x10°
Ry=—% = =0.74 Mpa
b d*® 0.9x1000 x323° p

Fr 420
m: ¥ 7 =
0.85f- LB5x24

Zm I 2 20 .
p=i(1— -2 R-‘L)= 1 (1— |'1—M)=u.uu1s
m Rt 420 20.6 Y 420

= 206

As,req = pbd =0.0018%x1000%323 =576.6 mm2

Asmin =0.0018*1000*350 = 630mm?
As req=576.6Mmm?<As min630.0 mmZ......... is control

As min630.0 mmZ......... is control
Check for Spacing :-

S =3h =3*300 =900 mm
220

) — 2.5%20 = 330
420

S = 380%(

2z
3#
S =450 mm
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Chapter Four Structural Analysis and Design

S =330mm ......... is control

Use g12@ 15 mm ,Asprovided= 753 mm2>As,required= 630mmé2... Ok

Check for strain:-

_ fsfy 733420

= ; = =155 mm
0.85b f;  0.85x1000x24

o 21.14
C=—=
T,  0.85

= 1823 mm

d—c 323 — 1823
g, = D.DDE( ) = 0.003 (W) = 0.05 = 0.005 .....0k
€ .

Lateral or Secondary Reinforcement For Landing:-

Asreq= Asmin =0.0018*1000*350 = 630 mm?

Use g12 @ 150 mm ,Asprovided= 785 mm2>As,required: 630 mmZ3... Ok
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+7.20
i |
Y
=
o
N\ \@sr0015,m23) u%
L Is4es -7 .
'\ 3510818, L=121{U=hask) / Sw12018.1=140 3.60 ~—
Ew120150=560, [~ @szes HI.
|
' _;""--.,__@m 2015,1=185
(L7125 4 T @grz018.0=208
1.70m 2.530m 1.00m
Fig 4.24:Stair Reinforcement Details.
(10®15,L=200
100 T.B
Z)812@15,L=560 705
155 T1.B &
foé Dep12815,L=185
3®10@15,L=230 0 @ 145 T.B
190 B.B % 5
7
e
50 o5
~| 50 @is10@15,L=121(U-hook) & 12815,L=140
60 B.B
% 3 B12015,.=205
4 105 B.B

Fig 4.25:Stair Reinforcement Details.
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4.11 Design of Shear Wall

53618 m

55m

Fig 4.26:Shear Wall.

107.5

Fig 4.27:Shear Diagram of Shear Wall.
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387

1186.56

2266.92

61231

Fig 4.28:Moment Diagram of Shear Wall.

% Material and Sections:- (From Shear Wall 5)

= concrete B350 Fc' =28 N/mm?
= Reinforcement Steel Fy = 420 N/mm?
=  Shear Wall Thickness h=30cm

= Shear Wall Width Lw=55m

=  Shear Wall Height Hw =18 m
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v" Design of Horizontal Reinforcement:-

D Fx=Vu=690.5 KN

The critical Section is the smaller of:

lw_55

— =2.75m
2 2
h—Wzgzgm
2 2

storyheigh(Hw) = 3.6m....... Control

d=08xLw=0.8x5.5=4.4m

5
OV imax = @Ef?hd
=075=083= "ﬁ* 300 = 4400 = 43655 KN =V, = 895.9954KN

is the smallest of : V.

1— V, = 2y/f.'hd = Z\/28+ 300 « 4400 = 1164.13KN ....... Control

N, d
2— V.= 027f.'hd + m

= 0.27v/28 = 300 = 4400 + 0 = 1885.9KN

w

L (0a/f+02:)
3— V. =|0.05/F + Wt | pd = 1490.2KN

My he

W, 2

6123.1 —3637.3 M, —3637.3
3.6 - 36— 275

=M, =422422KN.m

M, [, 422422 55
V, 2 6905 2

= 3.367
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VC=1164.13KN

D =ve+ Ovs = vu

@ = vs=vU-@ = ve

Vs=vu/@ — vc

Vs=690.5/0.75-1164.2= -243.533kn No need reinforcement

Minimum shear reinforcementis required:

Min(Avh/Sh)=0.0025*h
=0.0025*300=0.75

Select @10 ,tow layers
Avh=2* 7 *102/4=157 mm?
157/Sh=0.75

Sh=157/0.75=209.33
Select Sh=200mm=Smax=Lw/5=550/5=110 cm.

=3*h =3*30=90 cm.

v" Design of Vertical Reinforcement:-

A [0.0025 +05(25 - 2u)(2n 0.0025)] *300

Sp Lw s \Sy=h
Apy _ [ _ 1\ 17 ]*
= [0.0025 + 0.5(2.5 55) (mmm u.l:n:nz5} 300
A
* = 0.736
S

w

Select @10 in Two Layer

2emel0®

A, =——=157mm2
4

7
=0.736
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5,~213.2mm

- Maximum spacing is the least of :

w_ %00 —1833.34 mm

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

Use $12/150 mm for two layers

v" Design of Bending Moment:-

5500 ,
sr:( )*2*?9=4345mm‘
200
A\ 4345 1\ 420
w = (—“)f% = ( ) = 0.0395
L.h/f' \5500+ 300/ 28
PL'.
o = =0
1,.hf.'
C w+a 0.0395+ 0

= 0.04928

I, 2w+0858, 200395+ 0.85=0.85

W

E, €
a-

@M, = 0[0.54,.f.1,.(1+
Y [: Astf_;' w

= 0.9[0.5 = 4345 = 420 = 5500(1+ 0)(1— 0.04928)] = 4294.05 KN = 4224.22KN.m

Mub=Mu-@Mn=4224.22-4294.05= -69.83 KN.m

Tw 5500
= = =
X 0. s 91.67 mm
LI

Lb=Z = 45.83 mm

Since Smallest value of Lb & Mub not require Boundary .
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4.12: Design of basement wall.

C=2cm , fc’=28 mpa, fy =420
Assume ¥soi = 18 KN/m , ¢ = 30°

Ko = 1- sin30 =0.5
Co=Ko*y¥*h=0.5*18 *3.56 =32.04
MRA=0

57.03*2 *3.56 = B, * 3.56

—Bx =38.02KN , A,=19.01 KN

1%.01 _ 38.02

¥ 356y

38.02*y = 49.88 — 19.01 *y

—y=0.875

MR, =0

Mmax= 19.01 * 0.875 = 15.63 KN.m

Mumax = 1.6 * Mmax =25 KN.m

VUmax= 1.6 * Vmax = 60.832 KN

Ax

104

Bx

Structural Analysis and Design

3.56

fig (4.29): basement wall plan

19.01

3.56

57.03

Co=32.04 38.02

Fig(4.30) :- shear of basement wall
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Design of vertical of tension face :

Rectangular section — b= 1000 cm, d= 200-20-14=166cm

Mu = 25 kn.m ,
= _fy —_ 20 _ 17.65
fr's0.85 0.85:28
B
kn = 222212 - 9.907
1000=216

f | 1765 420

m y

Aseq= 0.0022 * 100* 20 = 4.4 cm*/m

Asmin =0.0012 *100*25=3 cm’

Asreq > Asmin
select @10 /10 cm —ASproy = 4.51 > Asieq

Vertical reinforcement of compression side :
Asreq = 0.0012 * 100 * 20 = 2.4 cm?/m

Select 310 /10 cm — Asprov = 3.95 cm? > AS 1¢q = 2.4 cm?

Horizontal reinforcement :-
Asieq=0.002 * 100 * 20 = 4 cm?/m ( both side)

One side :

E =2cm?/cm  — select 10/20 cm with As = 2.5 cm?

105
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J: 0.0022



Chapter Four Structural Analysis and Design

4.13 Design of Footing

%+ Material :-

= concrete B300 Fc' = 24 N/mm?

= Reinforcement Steel Fy = 420 N/mm?

v Load Calculations :- (From Column Group 2)

Dead Load = 1052.65Kn , Live Load =413.05Kn

Total services load = 1052.65 + 413.05 = 1465.7Kn

Total Factored load = 1.2*1052.65 + 1.6*413.05 = 1924.06Kn
Column Dimensions (a*b) = 50*35 cm

Soil density = 18 Kg/cm3

Allowable Bearing Capacity = 500Kn/m2

45

10 h

10 B i0

Fig 4.31 : Foundation Section.
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Assume h =50cm

Orotatio = 500 — 25*0.5 — 18%0.25 — 5= 478.75 kn/m2

v" Area of Footing :-

Pt 14657

47875
gmmﬂmu

A= = 3.062m°

Assume Rec Footing
SelectB=19m H=1.75m

v’ Bearing Pressure :-

Qu = 1924.06/1.9%1.75= 578.66Kn/m?

v" Design of Footing :-

1- Design of One Way Shear Strength :-

Critical Section at Distance (d) From The Face of Column

Assume h =50cm , bar diameter g 12 for main reinforcement
and 7.5 cm Cover

d=500-75-12=413 mm
Vu:qu*(:—ﬂ—d)*ﬁ

Vu =578.66~

(1.'.'-"5—&.35

- 0.413] + 1.9 = 315.54Kn

107
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Inclined crack
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hi

d
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Chapter Four Structural Analysis and Design

PVG = (0%* fo*b, *d

PV = 0.75*%*@ *1900*413 = 480.53Kn

@Nc =480.53KN >Vu =315.541Kn
. Safe

2- Design of Two Way Shear Strength :-

Vu=Pu-FR,

FR, =q, *area of critical section

VU =1924.06 —[578.66* (0.5 + 0.413) *(0.35+0.413) ] = 1520.95Kn

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

1, 2\ [
¢'Vc _¢E[1+ﬂ_CJ\/?bod
e =9 (b /d erd
#, =g 21 byg

Where:-

. Column Length () _50 _, ,
Column Width (b) 35

b

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

b, =2*(41.3+50) +2*(41.3+35) =335.2cm

%s = 40 for interior column
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oV =142 \/T b,d :%*(nij* 24*3352*413 = 2033.761Kn
6" B 6 1.43

C

*
oV, = v2 [t/ hd =2 (40 413+2j* 24*3352*413 = 2937.47Kn
P12\ b, /d 3352
A =(p.%«/ f.'b,d =0'—;5* 24*3352* 413 =1695.51Kn

dVce =1695.51 KN>Vu=1520.95KN

. Safe
3- Design of Bending Moment :-

Critical Section at the Face of Column

Mu= o+ (%) + L = 578.66 * (*=) *1.9

Mu = 269.37Kn.m

M 265.37x10%
Rni=—% = = 0.923 Mpa
b d*® 0.9x1900x413% p

. 420
m=—2_ = = 206
D.SEfl:. ;LB5x24

e Mo -
p=1 (1 — J1- "”’“"'ﬂ) =1 (1 — [1- —‘“”'““‘"’"3) = 0.0022498
m Rt 220 20.6 Rt 420

Asreq = p.b.d = 0.0022498x1900x413 = 1765.42 mm?

As min = 0.0018*1900*500 = 1539 mm?
As,req > As,min =1765.42 mm2 ......... is control

Check for Spacing :-

S =3h =3*500 = 1500 mm
2.5*75=192.5 mm

S= 380*( =)~

S =450 mm
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S=450 mm ......... is control

Use 17¢12 in Both Direction, Asprovided= 1921 mm?2>As.required= 1765.42 mm?... Ok

Check for strain:-

Asfy  _ 1321x420

a= 7 = = 20.82 mm
0.85b f,: 0.85 1500 <24
c=2 =228 _ 5449mm
B, 085
d—c 413 — 24.49
g, = u.uu3( ) =0. (—) = 0.0475 > 0.005 ......0k
c 24.49

4- Design of Dowels :-

Load Transfer In Footing :-

®Pnb = ®(0.85fc'A, x \/%)

A1=50*35=0.175 m?
A, =190* 175 = 3.325 m?

32
A 0175 B6>2. A
®Pnb =0.65%(0.85x24x175x2) = 4641Kn
OPn =4641> Pu=1924.06........... ok

No Need For Dowels

Load Transfer In Column ;-

®Pnb = 0.65x (0.85x 24x175) = 2320.5Kn
®Pn = 2320.5 > Pu =1924.06.........0k

No Need For Dowels
As,min = 0.005* Ac = 0.005 * 500 * 350 = 875 mm2

Use 8918, Asprovided= 2035.75 mm2>As,required: 875 mmZ4... Ok
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5- Development Length In Footing :-
Tension Development Length In Footing :-

— ety
Ldrres =45 I}E - —,;;;—ﬂﬁxdw 300mm

12 200
Ktr = 0 (Nostripes)cbh =75 +? = 81lmm Or ch = - = 100 mm

krr+cb_l]+81

= = 675> 25
db 12
ktr +cb
db
Ldy ., = =+« 21024 15 = 29629 m <> 300mm
va .

Take Ld-=300 mm

1500 —500

LdT available = . -75= 625 mm
LdT available = 625 mm >ld._ . = 300 mm........ OK
Ld available = HED‘ 20 _75= 625 mm
LdT available = 625 mm >Id___ = 300 mm........ OK

Compression Development Length In Footing :-

‘454-"} =dB

Ldcreq= > 0.043*Fy*dB >200mm

Ldcreq= ~22%22 = 246.9 > 0.043*420*16 = 288.96>200mm

24
LdCreq: 288.96 mm

LdcCavailable = 500 — 75 — 12 — 12 = 401 mm >Ldcreq= 288.96 mm ........ Ok
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Lap Splice of Dowels In Column :-

Lsc =0.071xfyxdb = 0.071x 420 x12 = 357.84 mm > 300 mm

Select Lsc =400 mm

Detailing of foundation F1

01
01

j/ 20 |

0L

L=200
I

160

—=I»
|

N\
S8em

Ld

Cal
G/T
=t

17¢12

S0cm

0L
R
L20

15612 L=215
175

01
a1

10 70 20 70 10
10 190 10
210

Fig (4.32):- Foundation Reinforcement Details of plan
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|
Mesh #10@20cm Mesh #10@20cm
040 m
' |
15#12 L=215 e 41 P I — ¥ s
17#12 L=200 \‘I \‘| ' A
0.00m
v
A | DPM
4 & » 8§ & & & § & ® & % @ & lJ 050m
— ey . : .r Bt 3 A N T e v_ W
10 70 20 70 10
10 190 10
210
SECTION A-A

Fig 4.33 : Foundation Reinforcement details of section.
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1. American Concrete Institute (A.C.1), Building code Requirement for structural
concrete (ACI-318M-08).
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