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Abstract

Structural Design for ""Al-Salam Mall* In Hebron city

Structural design is the most important designs necessary to the building
after the architectural design, distribution of columns and the highest level of
security and safety is the responsibility of the structural designer.

We will in this project, the structural design of "Al-Salam Mall" in
Hebron city, which consists of a single block consisting of seven floors as
follows:-

Two basement floors and other five floors ground, first, second, third and
roof floor, with a total project area about 12000 m?.

The project is designed to meet the purpose for which the project is
designed to achieve a special Mall building trade, we need the presence of
the project in Palestine because of its importance in improving the economic
situation and meet the needs of citizens.

It is noteworthy that Jordan's code will be used to determine the live
loads, and to determine the seismic loads, but for structural analysis and
design section the US Code (ACI_318 08). It must be noted that it will rely
on some computer programs such as-

AutoCAD (2007+2010), Atir, ETABS 2016, SAFE 2014, SAP 2000 Google
SketchUp, Microsoft Office XP.

The project will include a detailed structural study of the identification
and analysis of the elements of construction and different loads expected and
then the structural design of the elements and the preparation of design
drawings based on the prepared design for all the structural elements that
form structural frames of the building.

God grants success
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Ac = area of concrete section resisting shear transfer.
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e Ag = gross area of section.

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

e At =area of one leg of a closed stirrup resisting tension within a (S).

e b = width of compression face of member.

o bw = web width, or diameter of circular section.

e C.=compression resultant of concrete section.

e C,=compression resultant of compression steel.

e DL =dead loads.

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

e Ec=modulus of elasticity of concrete.

e f/compression strength of concrete.

o fy =specified yield strength of non-prestressed reinforcement.

o h=overall thickness of member.

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.
o LL =live loads.
o Lw = length of wall.
e M = bending moment.
e Mu = factored moment at section.
e Mn =nominal moment.

e Pn =nominal axial load.
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Pu = factored axial load.

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

Vc = nominal shear strength provided by concrete.

Vn = nominal shear stress.

Vs = nominal shear strength provided by shear reinforcement.

Vu = factored shear force at section.

Wc = weight of concrete.

W = width of beam or rib.

Wu = factored load per unit area.

® = strength reduction factor.

€. = compression strain of concrete = 0.003.

€ = strain of tension steel.

€= 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-ribbed Slab (RG25).
4.6Design of Beam(BG28).

4.7 Design of Two Way Ribbed Slab(R125).
4.8 Design of One Way Solid Slab(S1).

4.9 Design of Two way Solid Slab(S6).

4.10 Design of Stair.

4.11 Design of Column.

4.12 Design of shear wall.

4.13 Design of footing.
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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/ma3.
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/m3.

The project consists of several structural elements that will be designed according to the ACI
code and by using the finite element method using much of computer software such as "ATIR,
STAADpro, Safe and Etabs to find the internal forces, deflections, Shear and moments for all-

structural element in order to design them.
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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:-
ACI 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?2 (MPa)}.

v" Factored loads:-

The factored loads for members in our project are determined by:-

W,=12D_+16L, ACI-code-318-08(9.2.1)
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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 318 M-11).

Structural Analysis and Design

Minimum thickness ( h )
Member Simply On(.a end BOt.h end Cantilever
supported continuous continuous
solid one way

slabs L/20 L/24 L/28 L/10
Beams or
ribbed one way L/16 L/18.5 L/21 L/8
clahs

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

According to ACI-Code-318-05, the minimum thickness of nonprestressed beams or one

way slabs unless deflections are computed as follow:

For Solid Slab :

hmin for (one end continuous)=L/24=590/24=24.5cm
hmin for (both end continuous) =L/28=602/28=21.5cm
hmin for (simply supported)=L/20=501/20=25.1cm

The controller slab thickness is 25 cm.

Select Solid Slab thickness h= 25cm with block 32cm & Topping 8cm.
For Ribs :

hminfor(one end)=L/18.5=589/18.5= 31.8cm
hminfor(both end continuous)=L/21=616/21=29.3cm

Select Rib Slab thickness h=32cm with block 24cm & Topping 8cm for
Basement -1 .

hminfor(one end)=L/18.5=6.4/18.5=34.5cm
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Chapter Four Structural Analysis and Design

hminfor(both end continuous)=L/21=5.6/21=26.7cm

Select Rib Slab thickness h=35cm with block 27cm & Topping 8cm for up
floor .

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

- - 40 cm -

Fig 4.1: Topping Load.

v" Load Calculations:-

Dead Load:-
No. | Parts of Rib Calculation
1 Tiles 0.03*23*1 = 0.69 KN/m
2 Mortar 0.03*22*1 = 0.66 KN/m

3 Coarse Sand 0.07%17*1 =1.19 KN/m

4 Topping 0.08*25*1 = 2.0 KN/m

Sum = 454 KN/m

Table (4-2): Dead Load Calculation of Topping.
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Chapter Four Structural Analysis and Design

Live Load :-
L, =5 KN/m?

L =5 KN/m?x1m=5KN/m

Factored Load :-

Wy =1.2 x4.54 + 1.6x5 =13.448 KN/m

Check the strength condition for plain concrete, M, > M, where g = 0.55
Mp=0.42 L \/E Sm (ACI 22.5.1, equation 22-2)

__ b.h? _ 1000.807
Sm = =

= 1066666.67 mm?

gM,, =0.55x1%x/24 x1066666.67 x107° =1.2 KN.m

Wy, L?
M,=—=
12

= 0.1579 KN.m (negative moment)

oM, >> M, = 0.1579 KN.m

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

Pehrinkage = 0.0018 ACI7.12.2.1
As= pxbxhigpping =0.0018 x1000x80 = 144 mm*/m

Step (s) is the smallest of:

1. 3h=3x80=240mm  control ACI 10.5.4
2. 450mm.
3. 5=380(%%) - 2.5C, = 380 <228°> —2.5.20 = 330mm
fs 2420
but $<300 (£2) = 300 <38°> — 300mm ACI 10.6.4
fs 3420

Take g 8 @ 200 mm in both direction, S = 200 MM < Syax =240 mm ... OK
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4.5 Design of One Way Rib Slab (RG25)

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

BW = 1TOCI. ..o, ACI (8.13.2)

B < 3. 5 DW o ACI(8.13.2)
Select h=40cm<3.5*%12=42 cm
> Ln/12350MM o 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=400 mm

t= 80 mm
d=400-20-8-12/2= 366 mm

uu il
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v' Statically System and Dimensions:-

% (B99,GF) (C26,GF)§ (€27,6F) (C28,GF g
e
\\
§ \‘\
o
& g
24 (B g sl
~~
&
N N
L 2] ~—~ 2]
N = § 2
[ve) \ 'Qj %
g 4

Fig 4.2: One Way Rib Slab (RG25).
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v" Load Calculation:-

Dead Load:-

Type v bh KN/m

Tiles 0.03*0.52*23 0.35

Mortar 0.03*0.52*22 0.343

Sand 0.07*0.52*17 0.619

Topping 0.08*0.52*25 1.04

Hollow block 0.27*0.4*10 1.08
Plaster 0.03*0.52*22 0.343

R.Crib 0.27*0.32*25 0.81

Sum 4.558

Table (4-3): Dead Load Calculation of Rib (RG25).

Dead Load /rib = 4.558 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=4200/4=1050 mm
b, =12 + 16t =120 + 16 (80) = 1400 mm

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

Structural Analysis and Design

Units:meter,cm

1 2 3 4
1 2 3
L A - A . A e
‘ 0.6‘ 4.95 ‘ 0.8 ‘ 4.9 ‘ 0.8 ‘ 4.32 ‘ 0.6‘
C 5.65 ‘ ‘ 5.7 ‘ ‘ 5.02 o
1 52 1 1 1
8.
35.
12.
A-A
Loading
load group no. 1
Dead load - Service Units:kN,meter
4.59 4.59 4.59
5.65 5.7 5.02
Live load - Service Load factors: 1.20,1.20/1.60,0.00
2.60 2.60 2.60
5.65 5.7 5.02
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Moment/Shear Envelope (Factored) Units:kN,meter

Moments: spans 1to 3

-33.9
-28.9
- -22.7
21.4 18.3 177
‘ 1.61‘ ‘ .56‘1,6 ‘
\ \ \ \ \
e —— —— i
0.94l1 1 lo.
6 0.99 7
15.6
215
26.8
2.26 | 3.39 | 2.85 | 2.85 | 3.01 . 201
\ \ \ \ \ \
Shear
-33.3 085
Reactions -26.4 -28.
-21.7 -20.4
-14.5
Fagtored ) ) ) ) )
I | / I I II I I II I I T | I
1 L L L AL ]
Dead—P—l/Glgl 35.08 31.97 10.81
Max R 22.79 30 63.31 58. 20.41
Min R 11.13 46.29 4273 9.37
Service
DeadR 10.26 29.23 26.64 9.01
LiveR 6.55 17.64 16.61 6.
Max R 16.8 46.88 43.25 15.01
Min R 9.52 36.24 33.37 8.11

Fig 4.3: Shear and Moment Envelope Diagram of Rib (RG25).
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v Moment Design for (RG25):-

4.5.1 Design of Positive Moment for (Rib G25):-(Mu=26.8 KN.m)

Assume bar diameter g 12 for main positive reinforcement.

d =h- cover - dyimps — 2 = 350 — 20 — 10 — > = 314 mm.

Check if a > h; to determine whether the section will act as rectangular or T- section,
- 1 hf

Mnt =0.85. fc. be. hy. (d — =)

80

:0.85x24x520><80><(314 -2

) x 10~6 = 232.52KN.m

M 26.8
Mg >>?u = 0—9: 29.78 KN.m , the section will be designed as rectangular section with b
=520 mm.
M, _  268x10°
Rn= PbdZ ~ 0.9x520x3142 0.58Mpa.
m=-Lr =220 __ 5059

T 085f. 0.85x24

p:1<1_ 1_m> :L<1_\/1_M) =0.001401
m 420 20.6 420

Asreq = p.b.d = 0.001401x520%314= 228.78mm?
As min IS the maximum of :-

1.4

£ by.d

s,min :0. 25 @bW' d 2
y

1. Agmin :0.25% 120 x 314 = 109. 88mm?

2. Asmin ==2120 x 314 = 125.6mm? Control
! 420

As = 228.78mm? > Ag min = 125.6mm?
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Check for strain:

Ay 307.9x420
= Y _ — : =12.19mm
0.85b f.  0.85x520x24 )
a 12.19
c=—=—=14.34mm
By 0.85

d—C)_O (314—14.34

£,=0.003 (T 1434 ) =0.0626 > 0.005 Ok

4.5.2 Design of Negative Moment for (Rib 14 ):- (Mu=-33.9 KN.m)

Assume bar diameter g 12 for main positive reinforcement.

d =h- cover - dyimps — 3 = 350 — 20 — 10 — - = 314mm.

My, 33.9x10° _
Rn= Pbd% ~ 0.9x120x3142 3.183Mpa.
m= L = 22— 20.59

T 0.85f. 0.85x24

p:1<1_ 1_%>:L<1_\/1_M>=0.00828
m 420 20.6 420

Asreq = p-b.d = 0.008166 x120x314 = 307.73 mm*

A min IS the maximum of :-

Acmin=0.25p d>1%p d
3 7

1. Agmin :0.25% 120 x 314 = 109. 88 mm?

2. Asmin :% 120 x 314 = 125.6 mm? Control
As,required :30773mm2

____________________________________________________________________________________________________________
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Check for strain:

_ Asfy  307.9x420
0.85b .~ 0.85x120x24 52.83 mm
=2 =552 _ 65 15mm
B, 085
—0003<d_c)—0003(314_62'15)—001z>0005 0k
& =T c ) 62.15 e '

4.5.3 Design of Negative Moment for (Rib 14 ):- (Mu=-25.1 KN.m)

Assume bar diameter g 12 for main positive reinforcement

d =h- cover - dgimps — -2 = 400 — 20 — 10 — = = 366 mm

_ My __ 251x10%
Rn= @bd? ~ 0.9x120x3662 1.734 Mpa
=L 20 _ 906

0.85f]  0.85x24

b= l<1 _ [{ _2mEn ) <1 _ \/1 _ 2x20.6x1.734 > — 0.00432
m 420 20.6 420

Asreq = p.b.d = 0.00432 x120x366 = 189.76 mm’

Check for As min:-

\/_

As mln—

ACI-318 (10.5.1)

\/ﬂ

As min=
4(420)

(140)(284) =115.94mm?
.14
=" (bw)(d
As min (fy)( w)(d)

As min = %(120)(366) =146.4mm>  controls
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ASreq = 189.76 mm? > Asyip= 146.4 mm’  OK
Use 2 1] 12 , Aq‘provided = 22619 mm2 > Agvrequired = 18976 mm2 oo Ok

S = 120—40—210—<2Xl2> =36mm>d,=12>25 mm OK

Check for strain:-

Asfy  226.19x420

= - = = 38.8mm
0.85b f/ = 0.85x120x24
a 388
C=—=——=45.64mm
B, 085

366—45.64

e, = 0.003 (£5) = 0.003 (=2

) = 0.0210 > 0.005 0k

v" Shear Design for (RG25):-

V, at distance d from support = 26.4 KN

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

Ve == 1[feb,d = V24 x 120 x 314 x 1073 = 33.84KN
8V =0.75x33.84 =25.38 KN.

0.5 5V, =0.5x25.38 =12.69 KN

050V<V, <oV,

Minimum shear reinforcement is required except for concrete joist construction . So No
need shear Reinforcement is provided .
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4.6 Design of Beam (B GF109)

v" Load calculations:
Load calculations for BG28:

Type by h KN/m
Tiles 0.03*1*23 0.69
Mortar 0.03*1*22 0.66
Sand 0.07*1*17 1.19
Reinforced concrete 0.35*%1*25 8.75
Plaster 0.02*1*22 0.44
Sum 11.7

Table(4-4 ) Dead Load Calculations for Beam(B109GF:-

The distributed Dead and Live loads acting upon BG28 can be defined from the support reactions of the
RG14.

FromR32:DL:7.1 LL:8.4

FromR37:DL:11.1 LL:6.3

FromR36:DL:23.2 LL:13.2

FromR35:DL:3.4 LL:18.8

FromR34:DL:2.7 LL:8.5

ik WiNR

(BLO9,CF)

Fig(4-4): B109GF
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Structural Analysis and Design

Moments: spans 1to 4
-187.3
-153.6 -159.3
-130.1 109.4 - 1357
-45.6
-33.4 0964 128 |
///_/Y\‘ I 3.67 I I
[ T | i
'Mﬁhih\/ !
354 39.9 1.59
164.7
2271 | 278 | 207 3.1 | 3.36 | 3.36 | 3.7 . 199
[ [ [ [ [ [ [ [ |
Shear
-172.5
-117.2 lara
-98.5
49 348 427 oag 357
H T # T T 1 —
68.7 g1a 703
165.3
199.2

Fig (4-5) Loading and Moment /Shear Envelop for beeam (109Gf).

v" Flexural Design for (B109 GF) :

Determine of Mpmax :

18
d=350—40—8—7=293mm

3 3
c=7d=7*293=125.57mm

a=B.c=125.57+0.85 =106.73mm
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Mnimax = 0.85f.ab(d - % ) = 0.85%24*106.73*800*(293-106.73/2 ) *10°= 417.4 KN.m

@ Mnpax = 0.82* 417.4 = 342.27KN.m> 164.7

Design as singly reinforcement

Design for positive moment :

1) Mu = 35.4KN

R = Mu _ 35.4 x 10° — 0.572M
"= %bdZ” 0.9x800x2932 pa.
m=—1_—=_40 _ 5458

T 0.85f. 0.85x24

1 2mR,\ _ 1 _ _ 2x20.58x0.572\ _
p= z(l —J1 W) = 2058 <1 \/ 1= ) =0.00138

As = p.b.d = 0.00138x800x293 = 323.834mm>,

Check for As min.
Asmin=0.25Lp d>1p d
fy fy

As,min =0. 25% 800 x 293 = 683.52 mm?

Asmin :% 800 x 293 = 781.33 mm? Control.
Asmin=781.33 mm?> As -323.83 mm?

Check spacing :

S— 800—40*2—10*2%5*14) =157.5mm > 25 .. OK

Check for strain:
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_ Asfy  78133x420

T085bf.  0.85x800x24 19.8 mm
c=2=28_233mm

By 085
d-c 293 — 23.3
& =0 OOB( ) =0.003 (—) =0.03 > 0.005 Ok
¢ 23.3
2) My = 39.9KN.m
M, _ 399x10°

Ro= @bd% ~ 0.9x800x293%2 0.645Mpa.

__fy __420 _ 20.58

T 0.85f. 0.85x24

1 2mR,\ _ 1 _ _ 2x20.58x0.645 ) _
p= z(l —J1- W) = 2058 <1 Jl a0 ) = 0.00156

As = p.b.d =0.00156 x800x293= 365.84 mm-.

Check for As min -

Acmin=0.25Yp d>p d
' 7 7

Asmin =0. 25% 800 x 293 = 683.5 mm?

As,min =14 800 x 293 = 781.33 mm? Control.
420

As min=781.33mm*>A, = 365.84 mm?

Check spacing :

5= 2002 2M0-CAD _ 457 7 mm > 25 ...  OK
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Check for strain:

_ Asyy 78133 x420

= = =19.8 mm
0.85b f.  0.85x800x24

a 4715
c=—=——=23.3mm
B, 085

293 —23.3
—) =0.034 > 0.005 Ok

—ooos(d_c)—ooos(
& =0 c )77 23.3

3) Mu= 164.7KN.m

M, _  164.7x10°

R,.= =
"™ @bdZ ~ 0.9x800x2932

= 2.71Mpa.

f 420
m= Y T =
0.85f.  0.85x24

o= 1(1 1 Z-m-Rn> - ;<1 _ J1 _M) =0.00695
m 420 20.58 420

As = p.b.d = 0.00695 x800x293= 1630.9 mm?. control

=20.58

Aumin=0.25<p d>1%p g
i 7

Asmin =0. 25% 800 x 293 = 683.22

As,min =14 800 x 293 = 781.33 mm? Control.
420

Asmin=78133 TIM*< As=1630.0 Mm?>

Usebg 22 Bottom

Check spacing :

5= O — 147.5mm > 25 ... 0K
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Check for strain:

Ay 1630.9 x420
=—2_ = =41.97 mm
0.85b f.  0.85x800x24
a 4197
c=—=——=49,38mm
By 0.85

d_c)—O (293—49.38

£,=0.003 (T 29 38 ) =0.010 > 0.005 Ok

4) My=33.9KN.m

My 33.9x10° _
Rn= Pbd%2 ~ 0.9x800x2932 0.548Mpa.
m= L = 25 _20.58

T 0.85f. 0.85x24

p:1<1_ 1_w> :;<1_J1_M> — 0.00132
m 420 20.58 420

As = p.b.d =0.00132 x800x293= 310.31 mm>.

Check for Ag min -
smin =0.25 @bw- d> 4 b,.d
fy fy

Asmin =0. 25% 800 x 293 = 683.22

As,min =14 800 x 293 = 781.33 mm? Control.
420

Asmin=78133 TUM? >As=310.31 Mm>

Usebg 14 Bottom

Check spacing :

5= O —157.7mm > 25 ... 0K
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Check for strain:

Ay 781.33 x420
=—2_ = =20.1mm
0.85b f.  0.85x800x24
a 20.1
c=—=—=23.65mm
B; 085

d—C)_O (293—23.65

£,=0.003 (T 23.65 ) =0.03 > 0.005 Ok

Design for Negative moment :

1) My=-33.4 KN.m

M, _  334x10%
Rn= @bd2 ~ 0.9+800x293%2 0.54Mpa.
= Jy _ %20 _ 50558

T 085f. 085x24

1 2mR,\ _ 1 _ _ 2x20.58x0.54 )\ _
p= ;<1 ! —W> = _20.58<1 Jl a0 ) =0.0013

A = p.b.d = 0.0013x800x293= 305.6 mm®.

Check for Ag min -
Acmin=0.25p d>1%p d
fy fy

Asmin =0. 25% 800 x 293 = 683.22

Asmin =800 x 293 = 781.33 mm? Control.
420

As min = 781.33 mm?> A = 305.6 mm?

61



Chapter Four Structural Analysis and Design

Check spacing :

_ 800-40+2-2+10—(5x14)

S 4

=157.5mm > 25 .... OK

Check for strain:

a= Asfy, 78133 x420

= = =20.1mm
0.85b f.  0.85x800x24

20.1
Cc=—=="_=23.65mm
B, 085

d—c 293 — 23.65
£,=0.003 (T) =0.003 (W) =0.03 > 0.005 0k

2) M =-153.6KN.m

M, 153.6 x 10°

R ey =
"= PbdZ ~ 0.9 x 800 x 2932

= 2.48 Mpa.

M= fy 420
T 085f. 0.85x24

1 2mR,\ _ 1 _[; _2x2058x248) _
p—;(l— 1- 420>_20.58<1 \/1 420 >_0'00632

A = p.b.d = 0.00632x800x293= 1483.46 mm®. control

= 20.58

Check for Ag min -

Acmin=0.25p d>1%p d
3 7

Asmin =0. 25% 800 x 293 = 683.52

Asmin =800 x 293 = 781.33 mm? Control.
420

As min = 781.33 mm?< A = 1483.46 mm?
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Check spacing :

_ 800-40+2-2+10—(5%20)

S 4

=150mm > 25 ... OK

Check for strain:

Asfy  1483.46 x420

4 =585b T 085x800x24 38.17mm
=2 =31 _449mm
B, 085
-0 003( _C) =0 003(293_4439) = 0.016 > 0.005
£s = V. c = V. 449 = U. .
3) My = -135.7KN.m
R = Mu _ 135.7 x 10° 2 19m
= ObdZ T 0.9x800x2932 < P@
fy 420

= 20.58

T 085f. 0.85x24

p:1<1_ 1_%> :;<1_\/1_M) — 0.00554
m 420 20.58 420

A = p.b.d = 0.00554x800x293= 1295.95 mm?. control

Acmin=0.25Yp d>p d
' 7 7

Asmin =O. 25% 800 x 293 = 683.52

Asmin == 800 X 293 = 781.33 mm? Control.
As min = 781.33 mm?< A = 1295.95 mm?
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Check spacing :

_ 800-40+2-2%10—(5x20)

Structural Analysis and Design

S " =150mm > 25 ... OK
Check for strain:
_ Asfy 129595 x420
4 =850 fl T 0.85x800x24 33.35mm
a 33.35
C_B_l_ﬁ_ 39.2 mm
—0003( _C)—0003(293_39'2)—0019>0005 Ok
& = 0U. P = V. 39 2 = V. .
v" Shear Design for (B109GF):
1. Vy=248KN
Ve=2\fc'b, d == V24+800+293+107% = 191.3KN

® V=0.75*191.3 =143.54 KN

Vu<050 V;

no shear reinforcement is required .
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2. V,=50KN

Ve=2\fc'b, d == V24+800+293+107% = 191.3KN

® V.= 0.75*191.3 =143.54 KN

Vu<050 V;

no shear reinforcement is required .

3. V,=165.3KN

Ve=2yfc'b, d == V24+800+293+107° = 191.3KN

® V=0.75*191.3 =143.54 KN

W=

Vsmin = 3bwd == 3 800+ 2931073 = 78.13KNcontrol
Vsmin = 2= FC'by d = — V2% + 800 + 293 + 1073 = 71.77KN
vy = fc'b, d =324+ 1000 + 293 + 10~ = 478.46
dVe<v, < 0w+ Vsmin)

Min shear reinforcement are required .

Use 2 leg @ 8.

Av =85.44 mm® .

Vs=Vp—V,= % —239.22 =124.4 KN

Smax < g = 2;;3 = 146.5mm (control) OT Spax < 600 mm

Use2leg®8 @75 mm.
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Chapter Four

=147.4

4. Vu
Same as 3 (Use2leg ® 8 @75 mm.)

4.7 Design of Two Way Rib Slab (R12

(B291,4F)

L

~\
<
L
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(C49,F 4>
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Fig (4-6) Two way Rib slab (R125).
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Determination of Thickness for Two Way Ribbed Slab:

Assume H =35cm

_ 30%x60%27.5+40%10+5

Y. =23.9
35%60+40%10
3 3 3 m-
60%21.2 60%13.9 40%10 4
lp2g5= + + =61036.433 cm n &
12 12 12 ¥ L 4 d
e i
60
604353 e85
*
lhags= ———=214375 cm®
Lr) \T
™
] i A
60
e84
Y=
35x60%57.5+40%40%20
=41.283
35%60+40%40
60%33.7173 60%1.283% = 40%403 4
lp201= P + e + TH 404997.405 cm
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8 |
™
[Tp) |
N~
=
%{
60
beol
35%60%47.5+40%30%15
Yc= = 54.77
35%60+40%30
60%10.23%3 60%24.773  40%303 4
lh292= f + =171341.5225 cm
12 12 12
For Rib :-

_ 40%8x4+35%12x17.5

Y
40%x8+35x%12

=11.66 cm
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_52x%11.66%  40%3.663 n 21%23.343
3 3

I, =77682.21 cm*

For Exterior slab :-

77982.215(C-+60)

=534812.14 cm”
52

Is-Shortl=

77682.21+(*2+60)
52

= 746197.38 cm”

Is—Long 2=

For Interior slab :-

77682.21%(596+60)
52

=979990.95 cm*

ls-short 3=

77682.21%(879460)

=1402761.446 cm”

Is—long4:

52
404997.4051
“=————=0.76
534812.14
61036.433
%= ——""—=0.081
746197.38
171341.5225
Y= ——————=10.32
534812.14
214375
%= ——""—=0.152

T 1402761.446

a __ 0.76+0.081+0.32+0.152

= =0.32>0.2
4

8.79
B = oe =1.47

8790*(0.8+(ﬂ

= 1400)) =23.08 cm
36+1.47+5%(1.2—0.2)

min
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h=35cm > h,,;,= 23.08cm .

v Load Calculation:

22*0.03*0.52*0.52 = 0.178 KN

22*0.02*0.52*0.52 = 0.119KN

16*0.07*0.52*0.52 = 0.303 KN

25%0.08*0.52*0.52 = 0.541 KN

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

9*0.27*0.4*0.4 = 0.389 KN

22*0.02*0.52*0.52 = 0.119 KN

Table( 4-5): Dead Load Calculation for rib (R125).

Dead Load of slab:

DL=—=2% _-10.36 KN/m?
0.52%0.52

Wp =1.2%10.36 =12.432 KN/m?
LL=5 KN/m?

W, =1.6%5=8 KN/m?
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W = 12.432+8=20.432 KN/ m?

v Moments Calculations:

From tables use Case (7 ):
Ca,dL=0.611 ,, Cb,dL=0.0156

Ca,LL=0.066 ,, Cb,LL=0.0156 BY Interpolation.

M*ad=Cadl x Wud * (La)’*=0.061x 12.432 x (5.96)* x 0.52= 14 KN .m / rib.

M¥aL=Call *xWul x(La)?*=0.066 x 8 % (5.96)°x 0.52= 9.75 KN .m
[rib.
Ma positive = 14+ 9.75 = 23.75 KN .m / rib.

Negative moment at discontinuous edges = 1/3 positive

Maneg =(1/3)*x23.75 =7.91 KN .m/rib.

M*b.d=Cbdl xWud * (Lb)* = 0.0156% 12.432 x (8.79)° x 0.52= 7.79
KN .m/ rib.

M¥bL=Cbll xWul x(Lb)* =0.0156 x 8 x (8.79)* x 0.52= 5.01 KN .m
/ rib.
Mb positive = 7.79+5.01 = 12.85 KN .m / rib.

Negative moment at discontinuous edges = 1/3 positive.
Mb neg = (1/3) % 12.85 = 4.26 KN.m/ rib.
4.7.1 Design of Positive Moment for (Rib 125 ):- (Mu=23.75 KN.m)

Assume bar diameter ¢ 14 for main positive reinforcement
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d =h- cover - dumps— 2 = 350 — 20 — 8 — = = 315 mm

_ M, __ 23.75x10°
" Pbd?  0.9x520x3152

= 0.511Mpa

f 420
m= —2— = = 20.6
0.85f/  0.85x24

o= l<1 _ |4 _Z.m.Rn> _ 1 (1 _\/1 _M> = 0.00123
m 420 20.6 420

A, req = p-b.d = 0.00123 x520x315 = 201.474 mm’

Check for As min:-

A's min = /e (bw)(d)ACI-318 (10.5.1)
4(fy)

24

(120)(315) =110.22mm?
4(420)

S min=

14
A == (bw)(d
s min (fy)( w)(d)

As min= i‘—;) (120)(315) =126mm?controls

ASreq = 201.474mm” >As = 126 mm’ OK

Use 2 12, As, provided= 226.2 mm>>A, required=_201.474... Ok

Check for strain:-

_ Asfy  226.2x420

= - = = 8.96 mm
0.85b f!  0.85x520x24
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x= < = 896 _ 10.54mm
B, 085
= 0.003 (d _ x) = 0.003 (315 _ 10'54) = 0.086 > 0.005 0k
& =0 x ) 1054 ) '

Check for strain:-

As,
o =5ty - 2262x420 _ g e
0.85b fc 0.85%X520x24
X= = = 896 _ 10.54mm
B, 085
= 0.003 (d_x> =0 (315_10'54) = 0.086 > 0.005 0k
&= x ) 1054 ) '

4.7.2 Design of Negative Moment for (Rib 125 ):- (Mu=-12.85 KN.m)

d =h- cover - dumps— 2 = 350 — 20 — 8 — = = 315 mm

_ M, __  12.85x10°
" @bd?  0.9x520x3152

= 0.277Mpa

fy 420
m: 7 =
0.85f]  0.85x24

o= i<1 _ _Z.m.Rn> _ 1 <1 _\/1 _W> = 0.0006
m 420 20.6 420

As req = p.b.d = 0.0006 x520x315 = 98.28 mm’

= 20.6
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Check for As min:-

As min= Ve (bw)(d) ACI-318 (10.5.1)
4(fy)

ey
4(420)

S min=

(120)(315) =110.22mm?
.14
A =" (bw)(d
s min (fy)( w)(d)

As min= i‘—;) (120)(315) =126mm?controls

ASreq = 98.28mm’< Asi,= 126 mm?* OK

Use 2 810, AS ,rovided= 157.08 mMM*>A, ;equirea=126.4mm?>... Ok

Check for strain:-

AS.
o= fy o 157.08x420 _ 26.95 mm
0.85b f,  0.85x120x24
xzizﬁz 31.7 mm
B,  0.85
d—x 316 — 31.7
g = 0.003 <T> = 0.003 (T) = 0.026 > 0.005 0k

4.7.3 Design of Negative Moment for (Rib 125 ):- (Mu=-4.26 KN.m)

Assume bar diameter ¢ 12 for negative reinforcement
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d =h- cover - dumps— 2 = 350 — 20 — 8 — = = 316 mm

_ My, _ 426x10°
" @bd2  0.9%x120x3162

= 0.39 Mpa

f 420
m= —X— = = 20.6
0.85f,  0.85x24

p=l<1 B 1_2.m.Rn> _ 1 (1_\/1_w> = 0.0093
m 420 20.6 420

As, req = p.b.d = 0.0093 x120x316 = 352.62 mm’

Check for As min:-

A's min = /e (bw)(d)ACI-318 (10.5.1)
4(fy)

Nex
4(420)

As min=

(120)(316) =110.5mm?
.14
A =" (bw)(d
s min (fy)( w)(d)

As min= i‘—;) (120)(316) =126.4mm? controls

ASreq = 352.62 > Aspin= 126.4mm’ OK

Use 2 816, AS. providea= 402.2 mMM*>A, cquired= 352.62mm’... Ok
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Check for strain:-

Asfy  402.2x420

= . = = 69mm
0.85b f,  0.85x120x24
X= — = L 81 mm
B1 085
d—x 316 — 81
& = 0.003( 2 ) = 0.003 (T) = 0.087 > 0.005 0k

4.7.4 Design of Negative Moment for (Rib 125 ):- (Mu=-7.91 KN.m)
Assume bar diameter ¢ 12 for negative reinforcement

dp 12
d =h- cover - dstim,ps—7 =350—-20—-8— 5 = 316 mm

M, __ 7.91x10°

R,.,= =
" @bd?2  0.9x120%x3162

= 0.73 Mpa

f; 420
m= —— = = 20.6
0.85f.  0.85x24

o= l<1 _ |y _Z.m.Rn> _ 1 <1 _\/1 _M) = 0.00176
m 420 20.6 420

A req = p.b.d =0.00176 x120x316 = 66.73 mm’

Check for As min:-

A's min = Jfe (bw)(d)ACI-318 (10.5.1)
4(fy)

22
4(420)

As min=

(120)(316) =110.57mm’

14
A == (bw)(d
s min (fy)(w)()
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As min= i‘—;) (120)(316) =126.4mm? controls

ASreq = 66.73 < Asyin= 126.4mm’ OK

Use 2 310, AS providea= 157.08 mm*>A, equired= 126.4mm°... Ok

Check for strain:-

Asfy  157.08x420

a= . = = 26.95 mm
0.85b f, 0.85X120%24
xzizﬁz 31.7 mm
B1 0.85
d—x 316 — 31.7
& =0.003 (—) = 0.003 (—) = 0.026 > 0.005 0k
X 31.7

Maximum shear coefficient in short direction as in case (7)
W, =0.656
The total load on the panel =8.79*5.96*20.432= 1070.39 KN

The load per rib at the face of long beam =0.656*1070.39*0.52/(2*8.79)= 20.77
KN

Vud = Vutace - Wu*bg*d = 20.77 — 20.432*0.52*0.315=17.42 KN

The shear strength of one rib:
11 [ 1.1 _
Ve=—+/fobyd = =2& x 120 x 315 X 1073 = 34 KN

oV, =0.75x34 =25.5KN

0.5¢ V. =0.5x25.5=12.77KN
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059 V<V, <o V.
12.77<17.42<25.5

Minimum shear reinforcement is required .

4.8 Design of one Way solid Slab (S6)

«» Material:-
— concrete B300 Fc' = 24 N/mm?

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

The overall depth must satisfy ACI Table (9.5.a):
Min H (deflection requirement):-

-For bothend continuous:-

L 38 _oom
28 28
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For One 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)
Live load =5 KN/m

Dead load = 25%0.224*1=5.625 kN/m

4.8.1 Design of Positive Moment for (S 6):-
(Mu=35.8 KN.m)

Assume bar diameter ®12for main reinforcement

m=_Y - _40 _5459
085* o 0.85%24

Rn = Mu/ ¢
b*d?

Rn = 358*106 /09 = O792(|\/|pa)
1000* (224)>

p:l(l_ 1_2m*Rn)
m \ fy

1 4. \/1_ 2(20.59)(0.792))=

P= 20.59( 420

0.00377

As=p * b * d =0.00377* 1000 *224= 844.48mm?
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Check for As min:-
As min=p_ . *b*h =0.0018*1000* 25 = 450mm?

AS;eq= 884.48mm° >Asi,= 450mm’  OK

User12/20cm, A provided=904.72MM*>A required=884.48 mm® .... Ok

4.8.2 Design of Negative Moment for (S6):-
(Mu=-31.8 KN.m)

m=_Y - _40 _5459
085* o 0.85%24

Rn= Mu/¢
b*d?

RN = 31.8*10°/0.9 = 0.704(Mpa)
1000* (224)°

p = l(]__ [1_ 2m*Rn)
m fy

o= 1 (1- \/1_ 2(20.59)(0.704))=0_0017
20.59 420

As=p * b * d =0.0017* 1000 *224= 382.2 mm?

Check for As min:-

As min = p_. *b*h =0.0018*1000* 25 = 450mm’

A= 382.2mm* < As in= 450mm°  OK
Use 8 12/15cm , A provided=450MM*>A required= 382.2mm° .... Ok
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Shrinkage and Temperature:-

>p =0.0018

As min=p_ *b*h =0.0018*1000*25=450mm?*  (control)
Use @12 @ 250 mm

% Shear Design:-

Check Whether Thickness Is Adequate For Shear:-
Vy max 39-5KN/ 1m strip

d=h—-20—-db=200-20-(14/2) =173 mm

OVce= %*CD*J fc' *bw*d

_ %*0,75*\@*1000*224 =137.17 KN/ 1 m strip

0.50Vc=68.6 KN >V, . =39.5 KN/ 1m strip

u,max

The thickness of the slab is adequate enough

81



Chapter Four Structural Analysis and Design

(4.9) Design of Two Way solid Slab (s6)

Fig (4-8) two way Solid slab (S6).

Calculate the minimum thickness slab :
hmin =25 cm

25%x50%32.5+30%20%10

y(CB6) = 25%(30420)+30%20 =25.2cm
50 + 19.83 30+25.23 20x5.23

Ib(CB6) = ——— + + = 1552676cm

3 3 3

25%100%32.5+80%20%10

y(CB6) = 25+(80+20)+80%20 23.7cm
100 % 21.33 80x23.73 20x%1.73

Ib(CB6) = + + = 677446cm

3 3 3
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(CBS)_25(80+40)*32.5+80*20*10_24 :
y T 25+(80+40)1+20-80  --lm

120 +« 4.673 80+20° 120x20.333
Ib(CB5) = 3 + 3 + 3 = 737847cm

_ (718/2 + 30) * 25°3

_ 4
Is1 = ~ 506510.41cm
(1100/2 + 30) = 253 .
2= = 755208.33cm
12
(718 + 80) * 253 .
Is3 = — 1046875cm
12
(llzﬂ+ 0+ 80) + 2513
Is4 = = 820312.5cm?*
12
677446
e =——=0.
f1=820312.5
, _ 1552676
X = =
/2 =%06510
,_ 1552676
o< ==
13 = 255208
Lo 737847
e =—=0.
4 = 1026875
ex 0.705+2.06 + 3.07 + 0.826
« fm=— = —1.67
4 4
for « fm < 0.2f = 2% _ ¢ 8/6.3=1.07

Inshort

In+ (0.8 + Fy/1400) 11000 * (0.8 + 420/1400)
36 + 9B ~ 36+5%1.51(1.67-.2)

hmin = = 249.69mm

but we will select 25cm slab thickness.
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v" Dead load calculations:
Table(4-6) calculation of the two way solid Dead load

Dead load from: oxy KN/m
Tiles 0.03x23x1 0.69
Mortar 0.02x22x1 0.44
Coarse sand 0.07x16x1 1.12
Slab 0.25x25x1 6.25
Plaster 0.02x22x1 0.44
8.94

Dead load =8.94 KN/m?,

Live load =5 KN/m?.

WuD = 1.2*Dead load = 1.2*8.94= 10.728 KN/mZ.
WuL = 1.6*live load = 1.6*5 = 8 KN/m?.

Wu = 10.728+8 = 18.728 KN/m?

+* Shear Design :

la/1,b=0.65
W,=0.69
Whb=0.31
e The total load on the panel being ( 7.18*11*18.728) = 1479.14 KN
e The load at face of the long beam is (0.69x1479.14/(2*11))=46.39 KN
Assume the @ 12
d=250-20-12\2=224mm

o V.=(\24 *1000*224*10"-3)\6 =182.9KN

OV 075 182.9137.17 KN

Vi< g V..
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The thickness of the slab is adequate enough

v Flexural Design:

(1/1,=0.65)
Positive moments :
CaD=0.065
CbD=.014
CalL=.07

CbL=.014

Masvepi=Ca*W* L% =0.065%10.728*7.18 = 35.95 KN.m\m
Masve L=Ca*W* Lo? =.07*8*7.18 %= 28.86KN.m\m

Ma+ve = I\/|a+ve|L + Ma+ve,D = 64.81KN.m\m

Mpve 5=Co*W* Lp? =0.014*10.728*11%= 18.17 KN.m\m

Mb+ve = Mb+ve|L + Mb+ve|D = 31.722KN.m/m

4.9.1 Design of Positive Moment for (S 6 ):-
(Mub=64.81 KN.m/m)

Assume the dgar =14 mm

d =h- cover - (dgar\2) =200-20-6=225mm

Mu  64.81*10°/0.9

Ry = —— = -
b-d? 1000 *225

=1.42MPa .
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fy 420

- 0.85x fc' 0.85%x 24 =2059

1 2mK

= L 1 2%20.59%1.42

v )1 1—\/1—; — 0.003507
20.59 420

ASreq - 0.003507*1000*225 =789.07mm2/m

ASmin=0.,0018*b*h = 0.0018*1000* 250 = 450mm2/m

As= 789.07mm2>"Snin= 450mm2/m

Use ® 14\ 15cm with As=923.628mm?*/m

4.9.2 Design of Positive Moment for (S 6 ):-
(Mub=31.72 KN.m/m)

Assume the dgar =14 mm

d =h- cover - (dgar\2) =200-20-6=225mm

K Mu 6
n = *
b.d2 =31.72 10 /S'Q:O.YMPa .
1000 * 225
y 420 =20.59

- 0.85x fc' 0.85%x 24

1 2mK

= 1 2%20.59%0.7

o)t 1—\/1—; —0.0017
20.59 420

ASre = 0.0017*1000*225 =381.67mm2/m

ASmin=0.0018*b*h = 0.0018*1000* 250 = 450mm2/m
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As= 381.67mm2< Sui= 450mm2/m

Use ® 12\ 20cm with As=565.5 mm?*/m

v" Negative Moment:
Ca=0.0

Cb=0.031

Mub=0.031*11*11*18.728=70.24

4.9.3 Design of Positive Moment for (S 6 ):-
(Mub=70.24 KN.m/m)
Assume the dgar =14 mm
d =h- cover - (dgar\2) =200-20-7=225mm
Mu

Ko =17g7 _70.24*10°/0.9
1000 *225°

=1.54MPa .

_
0.85x fo' _ 420 _,ncg
0.85x 24

1

2mK

pzﬁ(l_ == } 1 2%20.59*1.54

v )L 1—\/1—; — 0.00382
20.59 420

ASreq = 0.00382%1000%225 =858.74mm?/m

ASmin=0,0018*b*h = 0.0018*1000* 250 = 450mm2/m

As= 858.74mm2/> Snin= 450mmz2/m

Use @ 14\ 15cm with As=923.62mm?/m
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4.10 Design of Stair :

Il

Fig (4-9): Stair Plan.

s Material :-
= concrete B300 Fc' = 24 N/mm®
— Reinforcement Steel Fy = 420 N/mm?
v’ Design of Flight :-
v’ Determination of Thickness:-
hmin = L/20

hmin = 3.4/20 =17 cm
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Take h =20cm
The Stair Slope by 6 = tan"(15/ 27) = 29.05°

v" Load Calculation:-

Dead Load For Flight For 1m Strip:-
Table 1-7: Dead Load Calculation of Flight.

27*%0.03*1*(0.35+0.15/0.27 ) = 1.269 KN/m

22*0.02*1*(0.3+0.15/0..27 ) = 0.616 KN/m

25*%1*(0.3+0.15/2 )/0.3 =1.875 KN/m

25*0.20*1 / COS 29.05 = 5.72 KN/m

22*0.03*1 / COS 29.05 = 0.764 KN/m

Live Load For Landing For 1m Strip =5*1 =5 KN/m
Factored Load For Flight :-

Wy = 1.2 x10.24+ 1.6%5 =20.06 KN/m
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Fig (4-10): Stair Section.

R = (W*L)/2=20.06*3.4/2=37.9 KN

1- Design of Shear for Flight :- (Vu=37.9 KN)

Assume bar diameter g 14 for main reinforcement
d =h- cover —% =200 — 20 — 12—4 — 173mm
Vu = 42.3KN
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Chapter Four Structural Analysis and Design

Ve ==\fc'b, d = =24 » 1000 x 173 = 141.25KN/m

® V.-0.75* 141.25 = 105.94KN /m
Vu=37.9<® V:-105.94KN /m

The thickness is enough .

2- Design of Bending Moment for Flight :-

«32 42
Mu= 37.9 * (.3 n 3%) _ 2006347 _ 40.15.m KN
M, __  40.15x10°

" @bd2 ~ 0.9x1000x1732 1.49 Mpa
Jy 120 _ 90,59

m= ; =
0.85f/  0.85x24

o i<1 _ i 2.m.Rn) _ 1 (1 _\/1 _M) — 0.00369
m 420 20.59 420

Asreq = p-b.d = 0.00369 x1000x173 = 637.96mm’

A min= 0.0018*1000*200 = 360 mm®

ASreq >As min=540 mm?

AS;eq =769.69 mm?

Check for Spacing :-

1) S=3h=3*200=600 mm

2) S =380*(280/(2/3 * 420))—2.5*20 = 330 < S = 300*(280/(2/3 * 420)) =
300mm

3) S=450 mm

S=300 mm ......... is control
Use g14 @ 200 mm

91



Chapter Four Structural Analysis and Design

3- Lateral or Secondary Reinforcement For Flight :-

Asreq= Asmin =0.0018*1000*200= 360mm?

Use 214@ 300 mm _, As provided= 461.81 MM*>A required= 360mm-... Ok

v Design of Landing :

v" Load Calculation:-

Table (4-8): Dead Load For Landing For 1m Strip:-

22*0.03*1= 0.66 KN/m

22*0.02*1= 0.44 KN/m

25*%0.20*1=5 KN/m

22*0.03*1= 0.66 KN/m

6.76

Live Load For Landing For 1m Strip = 5*1 = 5KN/m
Factored Load For Landing :-

Wy = 1.2 x6.76+ 1.6%5=16.11KN/m

v" System of Landing :-

R=47.35
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1- Design of Shear:- (Vu=47.35 KN)

Assume bar diameter g 14 for main reinforcement

d =h- cover — 2 = 200 — 20 — = = 173mm

Ve==2\/fc'b, d == =V24x 1000 x 173 = 141.25KN

O* V.-0.75* 141.25= 105.94 KN> Vu =47.35 KN...... Thickness of slab is
enough

2- Design of Bending Moment :- (Mu=37.217KN.m)

Assume bar diameter g 14 for main reinforcement
d =h- cover —% — 200 — 20 — 12—4 = 173mm

M, __ 37.217x10°
"™ @bd2 ~ 0.9x1000x1732

= 1.38 Mpa

i 420
m= 4 7 =
0.85f/  0.85x24

p:1<1_ 1_2-m-Rn): ] (1_ \/1_M>=0.003405
m 420 20.59 420

Asreq = p-b.d = 0.003405x1000x%173 = 589.08 mm?

= 20.59

As min =0.0018*1000*200 = 360mm®

A req = 589.08 mma......... is control

Check for Spacing:-
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4) S =3h=3%*200=600mm

5) S=380*(280/(2/3 * 420)) —2.5*20 =330 < S =300*(280/(2/3 * 420)) =
300mm

6) S=450 mm

S=300 mm ......... is control
Use g12 @ 200 mm

o @e12020 L=2.38
168ocm B
™

70em T
=

S0cm B

®s14@20 1=0.9
70om T

V - @ s12@20 L-1.68

@o12@20 Le13 1680m
60em T

@ #14@200m L=3.76
a76om

SECTION C-C

Fig(4-11) Stair Seaction (c-c) .

%94



Chapter Four Structural Analysis and Design

4.11 Design of Column :

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

v" Load Calculation:-

Service Load:-

Dead Load =2100KN
Live Load =1325 KN

Factored Load:-
Py =1.2 x2100+ 1.6x1325 =4640 KN

v" Dimensions of Column:-

Assumepg = 0.01
#*Pn=065x08xAg{0.85 fc (1- pg) + pg * Fy}
4640*1000 = 0.65x0.8x Ag{0.85*24 (1-0.01) + 0.01* 420}

Ag=365849.81 mm?2
Assume Rectangular Section

Try h =550mm
b =500

12628 PLORES L=15S

T
?10@25cm
711% %
o

- / a2
‘ '\

0.e0

Fig (4-12):Column section and reinforcement.
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v' Design of the tie reinforcement :

S <16 db (longitudinal bar diameter)

S< 48dt (tie bar diameter).

S < Least dimension.

spacing <16xd,=16x2.5 =40cm .... control
spacing <48xdt=48x1.0 =48 cm

spacing < least.dim =50 cm

Use¢p10@25 cm

For Using Column We have using 20v25 .
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Chapter Four

4.12 Design of Shear Wall

866.8
1893.2
2942

4443.6

6859.6

9479.6

10169.1

5.80

Moment Diagram

Fig (4-13): Shear and Moment Diagram of Shear Wall.

% Material and Sections:- (From Shear Wall 6)

=

concrete  B300 Fc' = 24 N/mm?
Reinforcement Steel Fy = 420 N/mm?
Shear Wall Thickness  h=20cm

Shear Wall Width Lw=58m

Shear Wall Height Hw =30.3m
97
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216.7
256.6
262.2
3754
604
655
689.5

Shear Diagram



Chapter Four Structural Analysis and Design

v" Design of Horizontal Reinforcement:-

D Fx=Vu=689.5KN

The critical Section is the smaller of:

I— = 2 =2.9m....... Control
2 2
hTW _393 _15185m

storyheigh(Hw) = 4.35m
d=0.8xLw=0.8x5.8=4.64m
5 !
@Vnmax = QE f;. hd
= 0.75 x 0.83 * V24 x 200 * 4640 = 2830.04 KN >V, = 689.5 KN
V. is the smallest of :

1 7 1 -
1- I/C=g\/fhd=g\/ﬁ*200*4640*10 3 =757.7KN

N,d
2— V. =027/f hd + 4” = 0.27V/24 * 200 * 4640 + 0 = 1227.5 KN

Ly

Ly (0.1 ;g'+0.2;fv—l;l) y

3— 1, =|0.05/F +

My ly
Vy 2

Mu = 9479.6 + 689.5(3.14 — 2.9) = 9645.08 KN.m

M l 9645.08 5.8
2= —— =11.08 > 0 (+ve value)
Vy 2 689.5 2

V, = [0.05v24 + —5‘8(01'111_4”)

] 200 % 4640 * 1073 = 4653 KN........ Control

@*Vc = 0.75*%465.3 = 348.97 KN

'f 1
Vs,min :1—60* bw *d = % * 200 * 4640 = 284.14 KN

Vs,min = %*bw*d:

*200 *4640=309.33 KN........... Control

Wl

@ +(VC + Vs,min) = 0.75%(465.3 + 309.33) = 774.63 KN
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Case 3 :-
P*Ve =348.97 KN <Vu=689.5 KN < @ *(Vc+ Vs,min) =774.63 KN

Apr Vsmin _ 309.33 % 103

S, Fyrd  420+4640 _ O-1°87

Min (‘i,ih) =0.0025*h = 0.0025*200=0.5 .......... Control
h

Select @ 10 in Two Layer

2+%102
Avh -

=157.1 mm2

157.1 05
S,

Sp=314.2 mm
- Maximum spacing is the least of :

Lw_ _58500 = 1160 mm

5
3*h = 3*200 = 600mm
450 mm ....... Control

Use ¢10/200 mm for two layers

v" Design of Vertical Reinforcement:-

T — [0.0025 +0.5(2.5 -2 (2L — 0.0025)]*100

Lw/ \Sp*h

f‘g— - [0.0025 +05 (2.5 - ﬁ) ( 171 0.0025)]*100

5.8 200200
A‘UU

— = 0.0828
S

4

Select @ 14 in Two Layer

*TT* 2
Ay =22 = 307.87 mm2
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307.87
= 0.0828
S

S,=371.8 mm

- Maximum spacing is the least of :

Lw_ 5800 _ 143333 mm
3 3

3*h = 3*200 = 600 mm

450 mm ....... Control

Use ¢ 14/200 mm for two layers

v" Design of Bending Moment:-

Structural Analysis and Design

5800 ,
st = (200)*2*308= 17864 mm

A 17864 420
W=( “)f—y,z( ) = 0.2695

L,h) £ \5800 * 200/ 24

P,
a = — =

lwhfc
C_ wta 0.2695 + 0 02136
lw_2w+0.8531_2*02695+085 085
oM, = @ [O.SAstfylW(l +—)(1 - —)l
stfy

= 0.9[0.5 * 17864 = 420 = 5800(1 + 0)(1 — 0.2136)] = 15399.7KN.m

> 10434.3KN.m

Use ¢ 16/150 mm for two layers
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4.13 Design of Footing

% Material :-
— concrete B350 Fc' = 28 N/mm?

= Reinforcement Steel Fy = 420 N/mm?

v" Load Calculations :-

Dead Load = 700 Kn, Live Load = 935 Kn

Total services load = 700+ 935 = 1635 Kn

Total Factored load = 1.2*700 + 1.6*935 = 2336 Kn
Column Dimensions (a*b) = 50*45 cm

Soil density = 20 Kg/cm3

Allowable Bearing Capacity = 400 Kn/m2

16014@]14 cm cc

8020
\ B
A 25 \ A
P A
I 25 195 25 g
190
5| IRl J
7T
SR J/AN
S0cm
16014@14 cm dc A e
A
25

Fig (4-14) :Foot plan.
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Assume h =50cm
Oretcatiow = 400 — 25*0.5 — 20*1.4 — 25*0.5 = 347 kn/m2
v’ Area of Footing :-

Pt 1635
T 347

A= = 4.71 m?

qnet—allow

Assume Square Footing
B required =2.14 m
Select B =2.1m

v’ Bearing Pressure :-

qu = 2336/2.1*2.1 = 530 Kn/m?

v" Design of Footing :-

v Design of One Way Shear Strength :-

Critical Section at Distance (d )From The Face of Column
Assume h =50cm , bar diameter g 14 for main reinforcement
d=500-75-14 =411 mm

B-a
2

Vu:qu*( —d)*L

2.1-0.5

Vu = 530*( - 0.411) x 2.1 = 433Kn

102
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Chapter Four Structural Analysis and Design

¢.V<:=¢%*\/ﬁ*bw*d

pVC= 0.75*%*\/% *2100*411=570Kn

#Nc=570KN >Vu=433Kn
. Safe

v Design of Two Way Shear Strength :-

Vu=Pu-FR,

FR, =q, *area of critical section

Vu = 2336-530[(0.5+0.411) * (0.45+0.411)|=1920.28Kn

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

(. 2.7
¢.\/c =¢g(l+ﬁ—0]\/?bod
A :¢.é( % +2)\/f7b0d

b, /d
oV, = ¢.%w/ £ b,d
Where:-

_ Column Length (a) 50
© " ColumnWidth (b) 45

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

b, = 2*(41.1+50) + 2*(41.1+ 45) = 354 .4cm

s =40 for interior column
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A =¢-1 1+3 \ fC'bod :%*(uij* 28*3544*411=2699.3Kn
6" B 6 1.11

c

1( a T 0.75,(40%411
Ve =@~ ——+2 | bd="""* +2 |*/28*3544* 411=3198Kn
Pe ¢12(b0/d J cT12 ( 3544 j

AV =¢é\/ fc'bod :%* 28*3544*411=1926.8Kn

®Ve =1926.8 Kn>Vu=1920.28Kn

v Design of Bending Moment :-

Critical Section at the Face of Column

B-a

FR = qu» (52) + L =530 * (222) *2.1 =890.4Kn

Mu = 890.4* 0.4=356.16Kn.m

_ My __ 356.16x10°
T @bdZ ~ 0.9x2100x4112

Ry = 1.12Mpa

1 420
m= 4 ; =
0.85f¢ 0.85%28

p=1<1 i _m> =;<1 ‘\/1 _M> — 0.00274
m 420 17.65 420

Asreq = p.b.d = 0.00274x2100x411 = 2364.9mm?

= 17.65

Asmin = 0.0018*2100*500 = 1890 mm?

Asreq > Asmin. - As = 2364.9 mm? ......... is control

Check for Spacing :-

S =3h =3*50 = 150cm

S=45¢cm ......... is control
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Chapter Four Structural Analysis and Design

Use 16214 in Both Direction, Asprovided=_2462.4Mm*>A required=_2364.9 mm?... Ok

v Design of Dowels :-

Load Transfer In Footing :-

®Pnb = ®(0.85fc'A x \/%)

A; =50 * 45 = 0.225 m?
A, =210* 210 = 4.41 m?

®Pnb =0.65x(0.85x28x225x 2) = 6961.5Kn
®Pn=3729.3>Pu=2336........ ok

No Need For Dowels

Load Transfer In Column :-

®Pnb = 0.65x (0.85x 24x 225) = 2983.5Kn
®Pn=29835> Pu=2336Kn........ ok

No Need For Dowels
As,min =0.005* Ac = 0.005*500 * 450 =1125 mm?2

Use 8%14, As‘provided: 1231.2 mm2>As required: 625mm2... Ok

v Development Length In Footing :-

Tension Development Length In Footing :-

O . B Yepsv
LdT req — E * WJ}_C * tr+cbt * db> 300mm

dab

Ktr = 0 (Nostripes)
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14 150
cb=75+7=82mm 0rcb=T=75mm

ktr+cb_0+75
db 14
ktr + cb
A |
db

=53>125

Ld _ 9, 420 14108
Treqa = 10" 1+/28 2.5
_ 2100-500

LdT available = > -715=725 mm

LdT available — 725 mm >ldreq = 366.4’ MMeeeoonen OK

* 16 = 366.4 mm >300mm

Compression Development Length In Footing :-

_ 0.24xFy*dB

Ldgreq= 22222012 = 966,69 >0.043%420%14 = 252.84>200mm

V28

LdCa\/a”ab]e: 500 - 75 - 14 - 14 = 397mm >LdCreq: 26669 MM ceeeenee Ok

Lap Splice of Dowels In Column :-

Lsc = 0.071xfyxdb = 0.071x 420 x 14 = 477.48 mm > 300 mm

Select Lsc =500 mm
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/ .
|

16014@14 cm cc I

16014@14 cm cc 1A

Fig (4-15) :Foot Reinforcement Details.
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