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Abstract

Structural Design For “AL-YASMEN HOTAL " InDora City

Structural design is the most important design of the building after
the necessary of architectural design, the distribution of columns, loads,
offer durability, the best prices and the highest degree of safety are the
responsibility of the structural designer. In this project we will do the
structural design of the AL-YASMEN HOTAL. The complex consists of
two separate buildings, part A of eight floors with an area of 10800 square
meters and part B of eight floor with an area of 845 square meters.

The architectural of the project is based on multiple steric blocks
distributed consistently it terms of aesthetic and functional purposes, as
well as it is designed in the form of distributing blocks that provide
comfort, ease and speed of access for users.

It is important mentioning that we will use the Jordanian code to
determine the live loads, and to determine the loads of earthquakes, for
the analysis of the structural and design sections we will use the US Code
(ACI_318 11), it must be noted that he will be relying on some computer
programs such as: Autocad2007, Safe, Office2007, Atir, E-tabs and
others.

Expected after the completion of the project to be able to provide
structural design of all structural elements with permission of Allah
Almighty.

God grants success
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List of Abbreviations

e Ac = area of concrete section resisting shear transfer.

e As = area of non-prestressed tension reinforcement.

e Al = area of non-prestressed compression reinforcement.

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.

e 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.

o f.: = compression strength of concrete .

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

e 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.
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e LL = live loads.

o Lw = length of wall.

o M = bending moment.

e Mu = factored moment at section.

e Mn = nominal moment.

e Pn =nominal axial load.

e Pu=factored axial load.

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

e Vc =nominal shear strength provided by concrete.

e \/n = nominal shear stress.

e Vs = nominal shear strength provided by shear reinforcement.

e VVu = factored shear force at section.

e Wc = weight of concrete.

e W = width of beam or rib.

e Wu = factored load per unit area.

o @ = strength reduction factor.

® £, = compression strain of concrete = 0.003.

e g =strain of tension steel.

e &= 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 Beam.
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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.
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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:-B350
fc'= 35N /mm?(MPa) For circular section

but for rectangular section ( fc'=35*0.8 = 28MPa).

Reinforcement steel:-

The specified yield strength of the reinforcement {fy = 420 N/mm?2 (MPa)}.

v" Factored loads:-
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Chapter Four Structural Analysis and
Design
The factored loads for members in our project are determined by:-

Wu=12DL+16LL ACI-code-318-08(9.2.1)
4.3 Check of Minimum Thickness of Structural Member

Table4-1 :- 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 :

hmin=L/18.5=4.9/18.5=26.5 cm "' One end continuous "

hmin=L/21 = 5.2/21 = 24.8cm ** Both ends continuous '
select : 35 cm thickness with 27 cm block and 8 toping .

For beam :

hmin=L/18.5=6.4/18.5=34.6cm "' One end continuous "

hmin=L/21=5.2/21=24.8 cm " Both ends continuous "'
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Chapter Four Structural Analysis and
Design

select h=35 cm with no drobs.

4.4 Design of topping:
0 OStatically 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 .
WL? W2
12 12

W2
24

Fig 4.1: Topping load and moment diagram.
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Design

For the topping , the total dead load to be used in the analysis and design is calculated as
follows:

Table (4 — 2) Dead load calculation for topping

0.03*23=0.69 KN/m/rib

0.02*22=0.44 KN/m/rib

0.07*17=1.19 KN/m/rib

0.08*25= 2 KN/m/rib

1*1=1 KN/m/rib

Nominal total dead load = 5.32 KN/m?Z.

Nominal total live load = 5KN/m?Z.

Design of topping for ribbed slab as a plain concrete section :-
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Chapter Four
Design

Toping

Hollow Block ( 27cm)

Fig. (4-2) : Topping of one way rib slab

Qu=1.2xD+1.6xL
14.384 KN/m. (Total factored load)

W, = 12

M. =
v 12

= 0.192KN.m

OM,, = 0.55 * 0.42 /24 + 1000 = 802/6 = 1.207 KN.m

M, =1.207 KN.m > M, = 0.192 KN.m

Structural Analysis and

No structural reinforcement is needed. Therefore, shrinkage and temperature

reinforcement must be provided.

For the shrinkage and temperature reinforcement :-

p=0.0018

A;= p*b+xh=0.0018 « 1000 = 80 = 144 mm?2.

39



Chapter Four
Design

~ Use @8 @ 20 cm in both directions.

Check shear strength :

|
Vv, = q“z = 2.88KN.m

0.75

@+*Vc= *v24 %1 * 80 = 49 KN

49> 2.88
~No shear reinforcement is requirement .

4.5) Design Of on way Rib Slab:

Structural Analysis and

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

calculated as follows:

1! =
fi
Hollows Block ( 28cm ) /

One way rib siab =4 Shrinkage & Temperatuer Bar's \
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Chapter Four Structural Analysis and
Design
Fig. (4-3) : One way rib slab

Fig 4.4: Rib 4 in basement floor.

load group no. 1
Dead load - Service Units:kN, meter

4,70 4.F0

3.18 3.32

Fig 4.5: Dead load in the rib .

Live load - Service Load facters: 1.20,1.201.60,0.00

2.60 2.60

3.18 3.32
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Design
Fig 4.6 : Live load in the rib .
1 2 3
1 2
R A —_— A —_—
. 06 | 2.48 , 08 2.52 , 08
] 3.18 ] 3.32 ]
52. ' ‘
35,
12,
A—A
Fig 4.7: Geometry of rib and it’s dimension.
: Reacfions
Factored
L I L i i i J
I T T | T T I
DeadR 6.62 22.92 712
LiveR 5.81 16.91 6,02
Max R 12.43 39.83 13.14
Min R 5.7 312 6.34
Service
DeadR 5.52 191 593
LiveR 3.83 10.57 3.76
Max R 8.15 29.67 a7
Min R 4.94 24,22 545
Fig 4.8: Reactions of rib (live Rib 4
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Design
Moments: spans 1to 2
-13.
5.9 -5.7
I 1.16!1.0? I
k | } i } {
| 0.64]0.64 |
33 45
7.9 B8
.l 127 I 1.91 | 1.99 { 1.33 !
Fig 4.9: Moment diagram of Rib .
I Shear
8.7
2.7 181

i t t T
76/

12.4 13.2

20.2

Fig 4.10 : Shear diagram of Rib .

Calculation of the total dead load for one way rib slab is shown in the following table:

43



Chapter Four Structural Analysis and
Design
Table (4 — 3) Calculation of the total dead load for one way rib slab.

N Quality
o. Material Density Calculation

KN/m3
1 | Topping 25 0.52x0.08%25 = 1.04
2 Rib 25 0.27x0.12x25 = 0.81
3 | Sand 17 0.52x0.07x17 = 0.6188
4 | Mortar 22 0.52x0.02x22 =0.2288
5 Tile 23 0.52x0.03%x23 =0.3588
6 | Plaster 22 0.52x0.02x22 =0.2288
7 | Block 10 0.4x0.27x10 =1.08
8 | Partitions 1 1x0.52 = 0.52

4.8852 KN/m/rib
Z =

L =5*0.52 = 2.6KN/m

Qu =1.2* D = 5.86 KN/m
1.6*L = 4.16 KN/m

% Effective Flange Width ( bE):-ACI-318-11 (8.10.2)

be

the smallest of the following:-

For T- section is
be = L ( smallest
span) / 4 =320/ 4 =80 cm

be =12+ 16 t=12 + 16 (8) = 140 cm
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be = be < center to center spacing between adjacent beams = 52 cm. Control

be For T-section =52cm .

Design of Rib (4):-

v Moment Design for (R4):-

Design of Positive Moment:-
4.5.1 Design of Positive Moment for (Spanl ):-(Mu=8.8 KN.m)

Assume bar diameter g 10 for main positive reinforcement
dp 10
d =h- cover - dstirrups—? =350—-20-10 - > =315mm
Check if a>hr to determine whether the section will act as rectangular or T- section.
Mt =0.85. f1. b. hy. (d — -1)

:0.85><28><0.52x0.08x(0.315—¥)x 103 = 272.27 KN.m

|V|nf>>% = %: 8.77 KN.m , the section will be designed as rectangular section
with be =520 mm.

M, _  79x10°

Rp= -
"~ 9bd?2 T 0.9x520x3152

=0.17 Mpa

f 420
m= Y 7 =
0.85f.  0.85x28

. l<1 _ - Z.m.Rn> _ 1 (1 B \/1 B 2><17.65><0.17) — 0.000406
m 420 17.65 420

=17.65
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Design
Asreqg = p.b.d = 0.000406 x520x315 = 66.54 mm?

Check for As min:-

_ Jie (bw)(d)
AS min = 4(fy) ACI-318 (10.5.1)

V28 (120)(315) =119.06mm>

AS min = 4(420)

1.4
— (bw)(d
s min< (fy) @

) ﬂ(120)(315) =126mm?
AS min = 420 controls

Asreq= 66.54 mm? <Asmin= 126 mm? Not ok

Structural Analysis and

Use 2 g 10 ,Asprovided= 2*.79=158 mm2>As,required= 126 mm?.... Ok

_ 120-40-20—(2x10)
- 1

S

Check for strain:-

_ Asfy _ 158x420

a= =
0.85bf.  0.85x520x28

=5.362mm

46

=40mm > d, = 10 > 25 mmOK
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Design
a _ 5362

X=B—1—m=6.31mm

x 315 - 6.31
£,=0.003 (T) =0.003 (—

631 >=0.147>0.005 Ok

4.5.2 Design of Positive Moment for(Span2 ):- (Mu=8.8 KN.m)

Assume bar diameter g 10 for main positive reinforcement
dy 10
d =h- cover - dstirrups—? =350—-20—-10— > =315mm
Check if a>hs to determine whether the section will act as rectangular or T- section.
— ' hf
Mot =0.85. fc. be. hy. (d — =)

0.08

:0.85x28x0.52x0.08x(0.315— -

) x 103 = 272.27 KN.m

8.

Mnf>>% = 0—2: 9.78 KN.m , the section will be designed as rectangular section

with be =520 mm.

M, _  88x10°

Rp= -
N~ 9bd? ~ 0.9x520x3152

= 0.1895Mpa

fy _ 420
T 085f.  0.85x28 17.65

p= $(1 - J1- —2'""R"> =— (1 - J1 - —2“7'65’(“'189) = 0.000453

420 |~ 17.65 420

Asreq = p.b.d = 0.000453x520%315 = 74.2mm?
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Design
Check for As min:-

_ Jie (bw)(d)
AS min = 4(fy) ACI-318 (10.5.1)

V28 (120)(315) =119.06mm?

AS min = 4(420)

1.4
— (bw)(d
s min< (fy) @

. ﬂ(120)(315) =126mm?
AS min = 420 controls

ASreq= 74.2 mm? <Asmin= 126 mm? Not ok

Use 2 g 10 ,Asprovided= 2*.79=158 mm2>As,required= 126 mm?.... Ok

_ 120-40-20—(2x10)
- 1

S

=40mm > d, = 10 > 25 mmOK

Check for strain:-

_ Asfy  158x420

a= =
0.85bf.  0.85x520x28

=5.362mm

a 5.362
X=—=—=6.31mm
B, 0.85

d—x)_0 (315—6.31

£,=0.003 (T 631 )=0.14-7>0.005 Ok
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Design of Negative Moment:-

4.5.9 Design of Negative Moment for(Supportl ):- (Mu=-5.9KN.m)

Assume bar diameter g 10 for main positive reinforcement
_ dp 10
d =h- cover - dstirrups—? =350-20-10— EY =315mm

_ M, _  59x10%
Rn= Pbd% — 0.9x120x3152 0.551Mpa

_fy 420
" 085f.  0.85x28

1 2mR,\ _ 1 [ 2x1765%x055) _
p= Z(l 1" T > T 1765 (1 \/1 420 ) = 0.00133

Asreq = p.b.d = 0.00133x120x315 = 50.18mm?

=17.65

Check for As min:-

_ Jie (bw)(d)
AS min = 4(fy) ACI-318 (10.5.1)

49



Chapter Four Structural Analysis and

Design
V28 (120)(315) =119.06mm?
AS min = 4(420)
1.4
- ——(bw)(d)
AS min = (y)
) ﬂ(120)(315) =126mm?
AS min =420 controls

Asreq= 50.18 mm?2 <Asmin= 126 mm? Not ok

Use 2 @ 10 ,Asprovided= 2*.79=158 mm2>As,required: 126 mm?.... Ok

_ 120-40-20—(2x10)
- 1

S

=40mm > d, = 10 > 25 mmOK

Check for strain:-

_ Aspy  158x420
a T 0.85bf.  0.85x120%x28 23.24mm
a 23.24
X—B—l—m— 27.34 mm
= 0.003 (d_x)—o 003 (315 _27'34)—0 0315 > 0.005 0k
& =0 x ) 27.34 ) '

v" Shear Design for (R 1):-

Vu at distance d from support=12.7 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).
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11 11 -
Ve==\/feb,d = —-V28 x 120 x 315 X 1073 = 36.67 KN

oV =0.75%36.67 =27.5 KN
0.5 08 V¢ =0.5%x27.5=13.75 KN

0.59 V> Vu

Minimum shear reinforcement is required except for concrete joist construction. So, No shear reinforcement is provided.

4.6 Design Beam (07) at the Basement Floor Slab:

Material:-
Concrete B350 Fc' = 28 N/mm?

Reinforcement Steel fy = 420 N/mm?

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

as the follows:-
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1 2 3 4 5
1 2 3
l: A . A N A . A
A = A =~ A - A
0.25 3.28 0.25 3.19 0.25 3.35 0.25 0,25
II[I 353 III 3-44 'III 36 I{I IIT
35
80.
A-A
Fig. (4-11) : Beam geometry.
Load of beam :-
Load of this
beam come from reaction of Rib 1 & Rib 2 as following :

load group no. 1
Dead load - Service

Units:kMN, meter
50.4 50.4 50.4 49
.53 .44 46 6.55
Live load - Service Load facters: 1.20,1.20/1.60,0.00
29.9 29.9 29.9 242
3.53 3.44 36 5.55

Fig. (4-12) : Load of the beam.

»Self weight of beam = (0.35*0.8) *25 =7 KN/m
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Moments: spans 110 4

-3TT
-282.4 , -274.3

-254.7 2895

/ﬁ 1475 /A]
I[;'/ i HH HH H
121.5 L/ 129.6
170, 194.7 178.1
2432 S09.5

353.8

v Figure (4-13) :Moment & Shear Diagram in beam

v" Load Calculations:-

Dead Load Calculations for Beam(B07 ):-

The distributed Dead and Live loads acting upon B07 can be defined from the support
reactions R1 and R2.

From Ribl

The maximum support reaction from Dead Loads for R1 upon BO7 is 49.8KN.
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Self-weight = 0.8*0.35*25= 7 KN

DL =49.8/ 0.52=95.8 +7 = 102.8 KN/m

From Rib2
The maximum support reaction from Dead Loads for R2 upon B07 is 50.4 KN.
Self-weight = 0.8*0.35*25= 7 KN

DL =50.4/0.52=96.9+ 7 = 96.9 KN/m

Live Load calculations for Beam (B 07):-

From Rib1l

The maximum support reaction from Live Loads for R1 upon B07 is 24.2KN.
The distributed Live Load from the Rib 1 on BO07.

LL =24.2/0.52=46.5 KN/m.

From Rib2

The maximum support reaction from Live Loads for R2 upon B 07 is 29.9KN the
distributed Live Load from the Rib 2 on B07.

LL =29.9/0.52=57.5 KN/m.

v Moment Design for (B 07):-
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Design of Positive Moment

4.6.1 Flexural Design of Positive Moment for (Spanl) :-( Mu=280.5KN.m)

Determine of Mn max

d =350 — 40 -10 — 14\2 = 293 mm

3 3
X = 7d = 7293 =125.57mm

=B.x =125.57 % 0.85 = 106.74 mm
Mnmax= 0.85* f. *a *b (d - % ) = 0.85%28*106.74*800*(293-106.74/2) *10°= 487 KN.m

® Mnmax = 0.9* 487 = 438.3KN.m >280.5KN.m.

Design as singly reinforcement

R — M, 280.5 x 10° _ 454M
"= 0bdZ 0.9 x800x2932 > *ipa

_fy 420
~ 085/,  085x28

o= l(l . Z-m-Rn> _ ;(1 _\/1 _M) - 0121
m 420 17.65 420

As = p.b.d = 0.0121x800%293= 2836.7 mm?

17.65

Check for Asmin:-
—“(b ) ) ‘12_8 *800*293
Asmin = 4(TY) 4*420 = 738.3mm?2

—( w)(d) 14 — " *800*293
Asmin = (Y) = 420 = 781.33 mm2Controls

As= 2836.7mm?
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Use 6@ 25 Bottom, Asprovided= 2946mMm?>As required= 2836.7 mm?... Ok

Check spacing :-

800-40+2-20—(25%6)
5

S= =110 mm > d;, = 25 > 25 mmOK

Check for strain:-

Asfy,  2946x420

a T085bf. _ 0.85x800x28 64.98 mm
64.98
X= — = =76.45mm
B, 085

293 - 76.45

d—x
ss:0.003(T) :0.003< 7645

> =0.00849 > 0.005

4.6.2 Flexural Design of Positive Moment for(Span2 ):-(Mu=57.8KN.m)

R — M, 57.8 x 10° — 0.935M
M= 0bd? 0.9 x800x293%2 pa

fy _ 420
0.85f. ~ 0.85x28

1 2mR,\ _ 1 [ 2x17.65%x0935) _
p= Z(l —J1- W) T 17.65 (1 \/1 420 ) = 00227

As = p.b.d = 0.00227x800%293= 532.18 mm?

m= =17.65

Check for Asmin:-
I (@ ) ‘12_8 *800*293
Asmin = 4 fy) 4*420 = 738.3mm?
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14

Asmin = (1Y)

As= 781.33mm?2

bw)(d) % xgoo*203
= 420 = 781.33 mm2Controls

Use 4g 16 Bottom, Asprovided= 804mm?2>As required= 781.33mm?... Ok

Check spacing :-

_ 800-40+2-20—(16x4)

S 3

=212mm > d, = 20 > 25 mmOK

Check for strain:-

_ Asfy _ 804x420

= = =17.7
a 0.85bf.  0.85x800x28 3mm
a 1773
X=—=——=20.
B 0.85 0.86 mm

d—x 293 —20.86
£,=0.003 <T) =0.003 (W) =0.0391 > 0.005

4.6.2 Flexural Design of Positive Moment for(Span3 ):-(Mu=92.3KN.m)

o M 923x10°
"= %bdZ” 0.9x800x2932 pa
m=_r_ - _40 _ 4765

~ 085f.  0.85x28
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1 2mR,\ 1 _ _ 2x17.65x1493) _
p= ;(1 - 1-=5 > = (1 J1 e ) =.003674MPa

As = p.b.d = 0.003674x800%x293= 861.16 mm?

Check for Asmin:-
: ( )() ‘1% *800* 293
ASmin = (fy) 4*420 = 738.3mm?

—(bW)(d) 14 4 500%203
Asmin = (V) = 420 = 781.33 mm2Controls

As= 861.16mm?2

Use 4g 18 Bottom, Asprovided= 1016mMm?>As required= 861.16mm?... Ok

Check spacing :-

800-40+2—-20—(18x4)
3

S=

= 209.3mm > d;, = 20 > 25 mmOK

Check for strain:-

Asfy _ 1016x420

T085bf,  0.85x800x28 22.4mm
x=i=£= 26.35mm
B, 0.85
—0.003 <d _x) = 0.003 (293 _ 26'35> = 0.0303 > 0.005
& =0 x ) 26.35 - '

4.6.1 Flexural Design of Positive Moment for(Span4 ):-(Mu=123.5KN.m)
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M, 123.5 x 10°

Rn = — = 1.998M
"= %bdZ 0.9 x 800 x 2932 pa

fy 420
0.85f.  0.85x28

1 2mR,\ _ 1 [, 2zx17.65x1.998) _
p= Z(l 1~ > T 17.65 (1 \/1 420 ) =00498

As = p.b.d = 0.00498x800%293= 1166.286 mm?

m= =17.65

Check for Asmin:-
S RLAY )() ‘12_8 *800*293
ASmin = (fY) 4*420 = 738.3mm?2

—(b )(d) 14 — " *x800*293
Asmin = (Y) = 420 = 781.33 mm2Controls

As=1166.23mm?

Use 4g 20 Bottom, As.provided= 1256mm2>As,required= 1166.3 mm2... Ok

Check spacing :-

800-40+2—-20—(20x4)
3

S=

=206.6 mm > d;, = 20 > 25 mmOK

Check for strain:-

Asfy _ 1256x420
0.85bf. ~ 0.85x800x28

a= =27.7mm

a 277
X=—==—"=32.
B 083 32.6 mm

d—x 293 - 32.6
£,=0.003 (T) =0.003 (T) =0.00239 > 0.005

4.6.3 Flexural Design of Negative Moment for(Supportl ):-(Mu=-282.4KN.m)
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M, 282.4 x 10°

"= %bdZ 0.9 x 800 x 2932 pa

fy 420
0.85f.  0.85x28

p=$(1 B 1_2.m-Rn> =;<1 _\/1 _w> = 0.0122MPa

m= =17.65

420 17.65 420

As = p.b.d = 0.0122x800%293= 2858 mm?

Check for Asmin:-
S RLAY )() ‘12_8 *800*293
ASmin = (fY) 4*420 = 738.3mm?2

—(b )(d) 14 — " *x800*293
Asmin = (Y) = 420 = 781.33 mm2Controls

As= 2858mm?

Use 6@ 25 Top, As.provided= 2946mm2>As,required= 2858 mm?2... Ok

Check spacing :-

800-40+2-20—(25X6) _

S= 5

=110 mm > dj, = 25 > 25 mmOK

Check for strain:-

Asy 2946x420
= Yy - = 64
a 0.85bf.  0.85x800x28 64.98 mm
a 64.98
X=—=——=76.45mm
By 0.85

293 —76.45

d—x
£s=0.003(T)=0.003< 76.45

) = 0.00849 > 0.005

4.6.4 Flexural Design of Negative Moment for(Support2 ):-(Mu=-76.9KN.m)
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R — M, 76.9 x 10° 1. 244M
"= %bdZ” 0.9x800x2932 pa

fy 420
0.85f.  0.85x28

p= i(l _ 1= Z-m-Rn> - ;<1 _ \/1 _w> = 0.00304MPa

m= =17.65

420 17.65 420

As = p.b.d = 0.00304x800%293= 712.576 mm?

\=09 Check for Asmin:-

‘/_( )() /28 *800* 293
Asmin = (1Y) 4*420 = 738.3mm?

—(b )(d) 14 — " *x800*293
Asmin = (Y) = 420 = 781.33 mm2Controls

As= 781.33mm?

Use 49 16 Top, As.provided= 804mm2>As,required= 781.33 mmZ... Ok

Check spacing :-

800-40+2-20—(16x4)
3

S=

=212mm > d, = 16 > 25 mmOK

Check for strain:-

Ast 804x420
= = =17.74
a 0.85bf.  0.85x800x28 -/amm
a 17.74
X=—=——=20.87
B 0.85 0.87mm

d—x 293 —20.87
£,=0.003 (T) =0.003 (W) =0.0391 > 0.005 Ok

4.6.4 Flexural Design of Negative Moment for(Support3 ):-(Mu=-141.6KN.m)
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M, 141.6 x 10°

Rn = _ = 2.29M
"= %bdZ 0.9 x 800 x 2932 pa

fy 420
0.85f.  0.85x28

o= i(l _ - 2.m.Rn> _ 1 (1 _\/1 B 2><17.65><2.29> — 0.00574MPa

m= =17.65

420 17.65 420

As = p.b.d = 0.00574x800%293= 1346.27 mm?

Check for Asmin:-
S RLAY )() ‘12_8 *800*293
ASmin = (fY) 4*420 = 738.3mm?2

—(b )(d) 14 — " *x800*293
Asmin = (Y) = 420 = 781.33 mm2Controls

As= 1346.27mm?

Use 49 16 Top, Asprovided= 1520mMmm?>As required= 1346.27 mmZ... Ok

Check spacing :-

800-40+2—-20—(22x4)
3

S=

=204 mm > d, = 22 > 25 mmOK

Check for strain:-

Asy 1520420
— Yy — —
a 0.85bf.  0.85x800x28 33.53mm
a 33.53
X=—="==39.45mm
By 0.85

293 - 39.45

d—x
sS:0.003<T) :0.003< 3945

> =0.0193 > 0.005 Ok

v" Shear Design for (B 07):-
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1. Vumax =309.5 KN

Ve :§ fc'b,d == %ﬂs « 800 * 293/1000 = 206. 72KN

® V=0.75*206.72 =155 KN

1 1
® Vsmin> 0.75 (3) * bw * d =0 .75* ( 3)*800*293*103 = 58.6 KN Controls
NS J28

® Vsmin >0.75( 16 )*pbw*d=0.75*%( 16 )*800 * 293*10 = 58.14 KN
D Ve<Vu <P Ve + ® Vsmin
155<309.5<213.14...... not satisfied

Cases 1&2&3 is not suitable

Case 4 :-

vy = 7y/fc'b,d =3V28 « 800 + 293/1000 =413.443 KN

Q)(vc + Vs, min) <Vy = Q(vc + vs’)
0.75(206.72+ 58.6)< 309.5< 0.75(206.72 + 413.443)

199 < 309.5<465.12

shear reinforcement are required
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Use 4 leg @ 8 for b =80 cm
As =201.06 mm?
Vs = Vn— Ve = 222 _ 206.72= 205.95KN

T 075

_ Afyd _201.06+420+293 . -
= T u,  205.95x1000 - oUmuamcontro

293
Smax < =3 = 146.5mmors,,, < 600 mm
Use 4 leg ® 8 @100mm

4.17 Design of Two Way Solid Slab:

BG53(80735) e

w6

solid slab

FRE
b

B O
iR

L[]
R

—k

Fig(4-23):Plan Of Solid Slab
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(4.12.1) Calculate the minimum thickness slab :
hmin =22 cm

30x65%32.54+30%x35%47.520 45 %55

y(BG56, BG55& BG66) = 30653 3035120 .45 = 41.73cm

30x65*32.5+2 %20 45 %55

Y(BGS3) = 30,65+ 30-35 120452  13:3cm

1b(BG56, BG55 &BG66)
30 * 653 45 % 203 30 x 353
=—12 12 12
+20+45+ 13.272 =1172751cm

+ 30%65%9.232 +30%35% 5.772

Ib(BG53)

30%65°  45x20° ) )
= + 4+ 30%65%x10.8+2+x20+«45« 11.7 =1172751cm

12 12
(380 + 35) 20”3 4
Is1 =1Is2 = = 275000cm
12

(325 +35) 20”3 4

Is3 = = 240000cm
12
(655 + 35) «20"3 4
4 = =460000cm

12

Ib66 1b56 1160412.5

Is2 ~ Is1 _ 275000 264

o« f1 = f2 =

_Ib55 1172751

% f3 =153 = 220000 ~ + 264
,_[bS3_1160412.5
X = = = 2.
F4 =154 = 260000
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Ex 2%2.522+2+x4.264 3.393
(0.4 = —= = 3.
fm=- 4
for < fm < 0.2f = 2" _ 7 6/6.5=0.85

Inshort

Inx (0.8 + Fy/1400) _ 760 * (0.8 + 420/1400)

hmin = 36 + 9B 36+9+3.393 106

but we will select 20cm slab thickness.

(4.12.2) Dead load calculations:

Table(4-4) calculation of the Dead load solid
Dead load from: oxy KN/m
Tiles 0.03%x23x1 0.69
Mortar 0.02x22x1 0.44
Coarse sand 0.07x16x1 1.12
Slab 0.20x25x1 5
Plaster 0.02x22x1 0.44
Partitions 2*1 2

9.67

Dead load =9.67 KN/m?2.

Live load =5 KN/m?2,

WuD = 1.2*Dead load = 1.2*%9.67 = 11.34 KN/m?.
WuL = 1.6*live load = 1.6*5 = 8 KN/m?.

Wu = 11.604+8 = 19.604 KN/m?
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(4.12.3) Shear Design :

la/1b=0.85

Wp=0.79

Wa=0.21
e The total load on the panel being ( 7.6*6.5*19.604) = 968.487 KN
e The load at face of the long beam is (0.79x1614/(2*6.5))=58.86 KN

Assume the ® 16

d=200-20-12\2=174mm

e Vc=(\28 *1000%*174*107-3)\6 =153.45KN

oVe=-075 "~ 181.26= 115.1 KN
Vu< ] Vc.

The thickness of the slab is adequate enough

(4.12.4) Flexural Design:

(12/15=0.85)

Positive moments :
Cda=.024
Cla=.037
Cdb=.012

Clb=.019

Maz+ve pI=Ca*W* La? =0.024*11.604*6.52= 11.77 KN.m\m
|V|a+ve,LI=Ca*W* L.:—;\2 =.037*8*6.5 2= 12.506 KN.m\m
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Ma+ve = Ma+vel + Ma+ved = 24.28KN.m\m

Mb+ve = Mp+vel + Mb+ved = 16.83KN.m/m

(4.12.5) Positive Moment:

*Mub = 35.1KN.m/m

Assume the dear =12 mm
d =h- cover - (dgar\2) =200-20-6=174mm

Mu  35.1*10°/0.9

nE—— = ~~ =1.25MPa .
b-d?  1000*176

K

__fy 420
0.85x fc'  0.85x 28

1 2mK * *
p:all . } L T oo

=17.64

f | 1764 420

y

ASreq = 0.008%1000%174 =534mm?/m

ASpin =0.0018*b*h =0.0018*1000* 200 = 360mm2/m

As= 534mm2> "= 360mm2/m

Use ®@ 10\ 12.5cm with As=635mm?/m

*Mua = 24.28KN.m/m

Assume the dsar =12 mm
d =h- cover - (dsar\2) =200-20-6=174mm
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Mu  24.28*10°/0.9

K, = 2 = 2
b-d 1000*176

=0.85MPa .

__fy 420
0.85x fc'  (0.85x 28

1 2mK * *
p=—l1- 1M 1 1—\/1—2 176470851 _ 10
m f, 17.64 420

A

=17.64

Stq = 0.002%1000%174 =385mm2/m

ASpin =0.0018*b*h =0.0018*1000* 200 = 360mm2/m

As= 385mm2> "= 360mm2/m

Use ®@ 8\ 12.5cm with As=400 mm?/m

(4.12.5) Negative Moment:

Mua = 49.7KN.m/m

Assume the dsar =12 mm
d =h- cover - (dgar\2) =200-20-6=174mm

Mu  49.7*10°/0.9

Kn - —
b-d? 1000*176°

=1.768MPa .

__fy 420
0.85x fc'  (0.85x 28

1 2mK * *
P P L _ 1 1_\/1_2 17.64*1768 | 10428
m f, 17.64 420

A

=17.64

St = 0.00438%1000%174 =770mm2m

ASpin =0.0018*b*h = 0.0018*1000* 200 = 360mm2/m

As= 770mm2/> ASyin = 360mmz2/m

69



Chapter Four Structural Analysis and
Design
Use @ 12\ 12.5cm with As=904mm?/m

Note: other moments requires areinforcement less than minimum, Use @ 8 \ 12.5cm with
As=400 mm?3/m

OrTI0 | =P8 TR
Te3712/12 cm L=1000 T.B.

1025

/a0
62 Ti2/12.5emT.B.

/20
@eg T10/12.5cmBE,

845
@52 T8/123cm BB L=8.20

Fig(4-24) : Reinforcement of solid slab
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4.8 Design of two way ribbed slab (R28)

4.8.1 Minimum thickness for ribbed slab h=35 cm

Check for the minimum thickness of the slab:
-All Exterior and interior beams have a rectangular section of 60 cm width and 60 cm depth:

_bxh® 0.8 * 0.353

— -4 4
= ———=12858+10""m

-The moment of inertia for the ribbed slab:

B 52*8*4+27*12*12.5_1166
Ye = 52%8 + 27 %12 - aobam

3 3

8
Ly = 52 % 12 +12 % 1 + 8 %52 % 6.6°+12 * 27 * 10.84% = 78094cm*

=7.809 x 10"* m*
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fig.(4.10): Two way Ribbed slab.

Short directionl = 7.45m = 745 cm

Long directionl = 7.9 m = 790cm

l 12
; Lip*G+35)  7.809%107* 6.8 10211 » 10-4
= = = . *
o1 by 0.52

l 12
; Lip*G+3)  7.809%107* 6.2 93,107  10-4
= = = . E3
2 by 0.52

l 12
; Lip* (G+7)  7.809x107* % 7.75 116.38 » 10-+
= = = . *
3 by 0.52
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l 12
; Lip*G+35)  7.809%107*x8.35 125,39 « 10-4
= = = . ES
o by 0.52

_(0.279 + 0.306 + 0.245 + 0.227)

Uy, 7 =0.264 < 2.0
The minimum slab thickness will be:

Iy 420
N L,(0.8 + 1400) _ 7.5 % (0.8 + 1400) 0246 m

36+ 5B(0ty, —02) 3645« 24 (0.246 — 0.2)

h=35cm > 25.6cm — OK

Take slab thickness 35 cm
berr =520 mm bw =120 mm h= 80 mm
h =350 mm h etolit block = 270 mm

4.8.2 Load calculation:

For the two-way ribbed slabs, the total dead load to be used in the analysis and design is

calculated as follows:
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Rb(1)

Hollow Block { 17 ¢m ) —,

P 4
Steed Bar's —

Fig.(4.12): Two way ribbed slab

Table (4-3) Calculation of the total dead load for two way rib slab (25). Table (4

Quality Density

No. | Material KN/m3 Calculation
1 Topping 25 0.52x0.52x0.08%25 = 0.54
2 Rib 25 (0.4+0.52)0.27x0.12x25 = 0.526
3 Sand 17 0.52x0.52x0.07x17 = 0.321
4 Mortar 22 0.52x0.52x0.02x22 =0.119
5 Tile 23 0.52x0.52x%0.03%23 =0.186
6 Plaster 22 0.52x0.52x0.02x22 =0.119
7 Block 10 4x0.2x0.2x0.27x10 = 0.432
8 Partitio 1 1x0.52 = 0.52

2.923 KN/unit

Z=

Dead Load of slab:
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2.923

_ _ 2
= 052+ 052  L[0B1KN/m

DL
wp = 1.2%10.81 = 12.97KN /m?
LL = 5 KN /m?

w, = 1.6 x5 =8KN/m?

w = 12.97 4+ 8 = 20.97 KN /m?

4.8.3 Moments calculations:

Ratio=7.5/6.6=0.90

Ma = Cawla?bf and Mb = Cbwlb?bf

52 cm

40 em —=

..................

12¢m
g

aZem

-
a— 40 em

12 cm

40 cm

40 e¢m

Fig.(4.13): Two way ribbed slab

-Negative moment

Caneg = 0.068
Cpmeg = 0.025
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Mg ey = (0.068  20.97  6.6%)  0.52 = 32.3 KN.m

Mppeg = (0.025 % 20.97 + 7.5%) x 0.52 = 15.33 KN.m

-Positive moment

Cappos = 0.026

Coppos = 0.015

Carpos = 0.036

Chipos = 0.022

M g pos ar+iy = (0.026  12.97  6.6% + 0.036 * 8 x 6.62)  0.52 = 14.16 KN.m
Mp posai+iry = (0.015 x 12.97 + 7.5% + 0.022 * 8+ 7.5%) x 0.52 = 10.83 KN.m

Design of positive moment
- Short direction (Mu = 14.16 KN.m)
bf =520 mm

Assume bar diameter ¢14 for main positive reinforcement.

) dp 12
d = h— cover — dstirrups — 5 = 350-20—-10— - = 313 mm.

M, 1416 x10°
T @bd?2 ~ 0.9 x 120 x 3132

_ fy 420
©0.85fc’ 0.85 %28

o= 1(1 _ [ _m> _ ;<1 _\/1 _M> — 0.00325
m 420 17.65 420

As = p.b.d =0.00325 x 120 x 313 = 122.4 mm?

R, = 1.33 MPa

m = 17.65

e Check for As, min..
f'.
fy

1.4
b, *d > —>b, xd

As,min = 0.25 >
fy

V28
As, min = 0.25 * 220 120 X 313 = 118.30 mm?
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1.4
As, min = 220" 120 X 313 = 125.2 mm? ..... Control.

e As,required = 254.16 mm? > As,min = 146.07 mm? (0OK)
Use 20914, with As = 308 mm? > As, required = 146.07 mm?

Check for strain: (e, = 0.005)
Tension = Compression

As x fy =085 f/ *b *a
308 * 420 = 0.85 * 24 * 120 a

a =52.48mm

x=i== 52'—48=62.17mm
B1 0.85

g = 0.003*(d;x)

= 0.003 * (M) —0.0121 >0.005 ~d =09 ... OK.
62.17

- Long direction (Mu = 10.83 KN.m)
bf = 520 mm

Assume bar diameter ¢14 for main positive reinforcement.
_ d, 14
d = h— cover — dstirrups — 5 = 350 —20-10 — -5 = 313 mm.

M, _ 10.83x10°
" @bd? 0.9 x 120 x 3132

_ fy 420
©0.85fc’ 0.85%28

b= 1(1 _ 11 _m> - ;<1 ‘Jl _M> = 0.00248
m 420 17.65 420

As = p.b.d = 0.00248 x 120 x 313 = 93.26 mm?

R, = 1.02 MPa

= 17.65

m
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e Check for As,min..
f'.

1.4
b,*d > —b, *d
fy

As,min = 0.25
fy

V28
As,min = 0.25 x 220 120 X 313 = 118.30 mm?

1.4
As, min = 220" 120 X 310 = 125.2 mm? ..... Control.

e As,min=125.2 mm? > As,required = 93.26 mm?
e (0K
Use 2314, with As = 308 mm? > Asmin = 125.2 mm?

Check for strain: (¢, = 0.005)
Tension = Compression

As + fy = 085 * f/ b * a
308 * 420 = 0.85 * 24 * 120 a

a =52.48mm

x=i== 52'ﬁ=62.17mm
B1 0.85

£ = 0.003*(d;x)

= 0.003 * (M) =0.0121 > 0.005 ~d =09 ... OK.
62.17

Design of negative moment ( Mu = 32.3 KN.m)
bf =520 mm

Assume bar diameter ¢14 for main positive reinforcement.

) dp 14
d = h— cover — d.stirrups — 5 = 350 -20—-10— - = 313 mm.

M, 32.3x 10°

- - — 3.05MP
DbdZ = 09 x 120 x 3132~ >0°MPa

Ry
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_ fy 420

"~ 0.85fc  0.85%28

o= 1(1 _ [ _ﬂ> _ ;<1 ‘\/1 _M> — 0.00779
m 420 17.65 420

As = p.b.d =0.00779 x 120 X 313 = 292.91 mm?

m =17.65

heck for As,min..

, f'. 1.4
As,min = 0.25 b, *d = f—bw*d

y y

V28
As,min = 0.25 * 230 120 x 313 = 118.30 mm?

1.4
As,min = 220" 120 X 310 = 125.2 mm? ..... Control.

e As,required = 29291 mm? >As,min = 125.2 mm?
. (0K)
Use 2014, with As = 308 mm? > As,required = 292.91 mm?

Check for strain: (g, = 0.005)
Tension = Compression

As  fy = 085 % f/ + b % a
308 * 420 = 0.85 * 24 * 120 a

a =5248mm
_a__>5248_
*TB, 77 ogs  Cerrmm
— X
& = 0.003 * ( )
= 0.003 * (M) =0.0121 > 0.005 ~d =09 ... OK.
62.17
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Design
4.8.4 Check shear strength:
W, = 0.75
W, = 0.25
Short direction
Au, = 2097 x 6.6 * 7.5 x 0.75 * 0.5 * 7'5 = 27 KN
Vu= Auy, —W x0.52 * Wa = 27 — 2097 x0.52 * 0.85 = 17.73 KN
. 0.75

* V28 x 120 * 313 = 27.32 KN

O*V, = 1.1x sy fc'xbwxd=1.1x

Case 1
< gx 0xV
V,=17.73KN > =+ ¢« V. = 13.KN ... Not OK
2

Case 2

5*43*Vc < W< oxl;

1
5*d*V, = 1366 KN <V, = 17.73 KN < ¢+ V, = 27323 KN - OK

0K
Provide minimum shear reinforcement
Vsmin > —*/fo¥ bwrd ==« V28 *120*313*10° = 1242 KN,
¢dVsmin = 9.59
sg* by, *d = g £0.12 * 0.313*10% = 12.52 KN

¢dVs,min =9.59 .............. control
¢dVe=2732KN < Vu=17.73 KN < &(VctVsmin) =36.91 KN ...... satisty

~Case (3) is satisfy shear reinforcement is required.
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Use 2 Legd8 for stirrups with Av = 100.53mm2

¢Vsmin  9.59
= = 12.78

Vsmin = 3 =075~

Avxfy+xd 100.53 x 420 = 313 10-3 = 1034
= = * =
> Vsmin 12.78 mm

d 313
Smax SE = BN =157 mm.

< 600 mm.

Select 2 leg 8 @ 15¢m

4-9 Design of Stair

Fig 4.7: Stair Plan.
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Design
% Material :-
= concrete B350 Fc' = 28N/mm?
= Reinforcement Steel Fy = 420 N/mm?

1- Design of Flight :-

v" Determination of Thickness:-

hmin = L/20

hmin = 600/20 = 30 cm

Take h=30cm

The Stair Slope by 6 = tan™(17/ 30) = 29.56°

v" Load Calculation:-

170

d 2em Thes
'1EE!HFH!EE!EHE~

3cm Morter

Jatiles

1r
lzer

+0.51

AT P .

w170

Fig 4.8: Stair Section.
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Dead Load For Flight For 1m Strip:-

No. | Parts of Flight Calculation

1 Tiles 23*0.03*1*(0.33+0.17/0.3) = 1.15 KN/m

2 Mortar 22*0.03*1*(0.3+0.17/0.3 ) = 1.04 KN/m

3 Stair 25*0.5*0.17*1 = 2.13 KN/m

4 R.C 25*0.3*1 / cos 29.56 = 8.62 KN/m

5 Plaster 22*0.02*1 / cos 29.56° = 0.51 KN/m
Sum 13.47 KN/m

Table (4.5): Dead Load Calculation of Flight.

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

Factored Load For Flight :-

Wy = 1.2 x13.47+ 1.6%x5 =24.164 KN/m

v" System of Flight:-
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Ferwlos Live Lood =

Skn/m

Sarwlcos  Dheood L.nn'u:l =13ﬂ.?|{r’1;fm

D= 1347 KM
L=r¢ I

Fig 4.9: Statically System and Loads Distribution of Flight.

Moments: spans 1to 1
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shear

Fig 4.10: Shear and Moment Envelope Diagram of Flight

Assume bar diameter g 12 for main reinforcement
d =h- cover —dz—b =300 — 20 —12—2 = 274 mm
Ve =% fc'b, d = %\/28 * 1000 * 274 = 242KN

® Vc=0.75*242 = 181.5KN > Vu =42.5 KN...... No shear reinforcement are required

M, __  585x10°

R.— _
" @bdZ ~ 0.9x1000x2742

= .86579 Mpa

m=—2_ = 420 __ 1765
0.85f, 0.85%28

- 1(1 _ - 2.m.Rn> _ 1 (1 B Jl B 2><17.65><.86579) — 0.004123
m 420 17.65 420

Asreq = p.b.d = 0.004123x1000x274 = 1129.65 mm?

As min=0.0018*1000*300 = 540 mm?

ASreq =1130 mm2>As,min:54O mm2 ......... is ok

Check for Spacing :-
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Design
S =3h=3*300=900 mm
S =450 mm
S=450 mm ......... is control

Use g14 @ 13mm As provided= 1184.61mm2>As,required: 1130mm?... Ok

Check for strain:-

_ Asfy _ 1184.61x420

= - = =209mm
0.85b f! ~ 0.85x1000x28

a _ 209

C=—=—"==24.59mm
B,  0.85

d—c 274 — 24.59
& = 0.003 (T) = 0.003 (W) = 0.0304 > 0.005 ...... Ok

3- Lateral or Secondary Reinforcement For Flight :-
As,req: As,min =0.0018*1000*300 = 540mm2

Use g12@ 200 mm , As.provided= 5.65mm2>As,required: 540mm?... Ok

2- Design of Landing :- (For First One Meter)
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Design
Parts of
No. Landing Calculation
1 Tiles 22*0.03*1=0.66 KN/m
2 Mortar 22*0.03*1=0.66 KN/m
4 R.C 25*0.3*1=7.5KN/m
5 Plaster 22*0.02*1=0.44 KN/m

): Dead

Determination of Thickness:-

Sum 9.3KN/m

Table (4.6
Load

hmin = L/20

hmin = 3.1/20 = 15.5 cm

Take h=30cm

v" Load Calculation:-

Calculation of Landing.

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

Reaction From Flight:-

DL =29.63 KN/m
LL =11 KN/m
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Total Dead Load = 9.3 + 29.63 = 38.93 KN/m

Total Live Load =5+ 11 =16 KN/m
Factored Load For Landing :-
Wy = 1.2 x38.93+ 1.6x16=67.12KN/m

v" System of Landing:-

load group no. 1
Dead load - Service Units:kN, mater

296

3.1

Live load - Service Load factors: 1.20,1.20/1.60,0.00

ke |
et
et
|
et
ke |
.
ke
=
(=]
hete—
= .
e fe=—
ket
.
hecte—|
e |
hete—

&3

s £
-

Fig 4.11: Statically System and Loads Distribution At First 1m Of Landing

Momants: spans 1to 1

-83.9

839

1121
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Fig 4.12: Shear and Moment Envelope Diagram At First 1m of Landing.

1- Design of Shear:- (Vu=83.9 KN)

Assume bar diameter g 12 for main reinforcement

d =h- cover—dz—"z 300—20—12—2= 274 mm

Ve==\/fc'by d == =V28 1000 * 274 = 242 KN

6

®* V=0.75*% 242 = 181.5 KN>Vu = 83.9 KN...... No shear reinforcement are required

2- Design of Bending Moment :- (Mu=86.9 KN.m)

Assume bar diameter g 12 for main reinforcement
d =h- cover —‘12—’1 =300 — 20 —12—2 = 274 mm

M, __ 83.9x10°

R.,= =
" @baz 0.9x1000x2742

= 1.242 Mpa

1 420
m= 4 ; =
0.85f  0.85x28

p=1<1 _ 11 _m> =;<1 _\/1 _M> = 0.003039
m 420 17.65 420

Asreq = p.b.d = 0.003039x1000x274 = 832.58 mm?

= 17.65

As,min =0.0018*1000*300 = 540 mm?
As,req = 832.58 mm?
Check for Spacing :-

S =3h =3*300 =900 mm

S =450 mm......... is control
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Use g14@ 180 mm As provided= 855.5 mm2>As,required= 832.58 mmZ... Ok

Check for strain:-

AS.
a=—dy_ = 899X0  _ g5 gy
0.85b fc 0.85X1000x28
=2 = 51 _ 17.765mm
B, 085
= 0.003 (d _ C) =0 (274 _ 17'76) = 0.0433 > 0.005 ......0k
g = 0. —)=0 1776 = 0. .005 ...

1- Lateral or Secondary Reinforcement For Landing :-
As,req: As,min =0.0018*1000*300 = 540mm2

Use g12@ 200 mm , As.provided= 5.65mm2>As,required= 540mm?... Ok

90



Chapter Four Structural Analysis and

—

Design
%
,‘/\_
N 1.76
X 12020
|/ o014@131=160
RN N |
X
b G)014©13,L=205 1.76
; 19912020

\@!314@13.L=240

B»14@13,L=200

1.6

— 3.30 - 1.20

@14@]‘3

(D»14@13,L=160

80 T.B

W

2 3

.& ?,

@»14@13,L=500 & 14@13,L=205
130 I~ 80 B.B
83 an14@13,L=240

160 T.B
33
@w14@13,1L=240 % % 014@13.1L=200
180 B.B 6 115
25 @e14@18,L=3.4
60 (8w12@20,L=1.32
&| 60 @®»12@15,L=136 (U-hook) 912@20 Lea4

Fig 4.15: Stair Reinforcement.
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4.10 Design of Column
% Material :-
= concrete B350 Fc' = 28 N/mm?

= Reinforcement Steel Fy = 420 N/mm?

v" Load Calculation:- (From Column Group H)

Service Load:-

Dead Load = 3057.39KN
Live Load = 1589.22 KN

Factored Load:-
Pu=1.2 x3057.39+ 1.6x 1589.22=6211.62KN

v Dimensions of Column:-

Assumepg =0.01
#*Pn=0.65x0.8x Ag{0.85 fc (1 pg) + pg * Fy}
6211.62*1000 = 0.65x0.8x Ag{0.85*28 (1-0.01) + 0.01* 420}
Ag=430279.63 mm?2

Try a=700mm

b=650mm

v" Check Slenderness Parameter:-

Klu < 34—12ﬂ <40
M2

r

Lu: Actual unsupported (Unbraced) length.
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K: effective length factor.
R: radius of gyration = \/'IA\: 03h . For rectangular section
Lu=4.1m
M1/M2 =1

K=1 for braced frame.

e about X-axis (b= 0.7m)

kl_u<34_12ﬂ <40
r M2

1x4.1
0.3x0.7
Column Is Short About X-axis

=19.52< 22

e about Y-axis (h=0.65m)

Klu 54 oML 4o

r M 2
x4l 50 025< 22
0.3%0.65

Column Is Short About Y-axis

6211.62*1000 = 0.65 X 0.8x 455000{0.85* 28 (455000 — As) + As * 420}

As=4570mm?
£9=As/Ag=0.01

Usel8 @ 18 with As=4580mm?

v" Design of the Stirrups:-

Use ® 10 for ties
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The spacing of ties shall not exceed the smallest of :-

spacing<16xd, =16x18.0=28.8cm
spacing <48xd, =48x1.0=48cm
spacing < leastdim =50 cm

Usegl0@ 20 cm

Detailing Of Colums Group (H)

C30C21,C35,C69,C29

@10@20
260

- . AL T~
. ‘ . AL
- - 57 57
2 \Al L} L

18018 * ®
B5cm g}ggzo

a2 1
@10@20
(o6

Fig 4.18: Column Reinforcement
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4.10 Design of Shear Wall

86.7 KN
1075 KN —
2206 KN —
3003 KN —1
380.TKN —
520.7TKN —

63545 KN—
7448 KN —

854 2KN —

Loads &system

Design

Structural Analysis and

shear &moment diagramm es

86.7 KN

194.2 KN
414.8 KN
7151 KN
1095.8 KN
1616.5 KN

2251.95KN
2996.75 KN

3850.95 KN

shear diagramme

% Material and Sections:- (From Shear Wall 2)

= concrete B350

= Reinforcement Steel
= Shear Wall Thickness
= Shear Wall Width

= Shear Wall Height

Fc' = 28 N/mm?

Fy = 420 N/mm?

h=25cm
Lw=6m
Hw =29.5m

95

28611 KN.m
72756 KN.m
2096.4 KN.m
4656.23 KN.m
8072.37 KN.m

12406.82 KN.m
15036.695 KN.m

2692597 KN.m
324572 KN.m

maoments diagramme
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v" Design of Horizontal Reinforcement:-

D Fx=Vu=3850.8 KN

The critical Section is the smaller of:

lw 295
—=——-=3m

2 2
hw_295 1, 75m
2 2

storyheigh(Hw) = 29.5m....... Control

d=08xLw=0.8x6=4.8m

5 !
@Vnmax = QE f;. hd
= 0.75 = 0.83 * V28 250 * 4800 = 3952.8 KN > V, = 3850.8KN

I.is the smallest of :

1— V, =<y/f'hd = =V28 * 250 » 4800 = 1058.3 ........ Control
" N,d
2— V. =027/f hd + = 0.27+/28 * 250 * 4800 + 30.4 = 1617.9KN
w
L (0.1 +0.2:2%)
3— V. =[0.05/F + | hd = 3239.41KN
Ve 2

6123.1 —3637.3 M, —3637.3
3.6 ~ 3.6—2.75

= M, = 4224.22KN.m

M, 1, 324572103 6000
Vu

W —
5 = 38508 > = 5428.69 mm

Vc =1058.3KN
@ = vc + Qvs = vu
@ * vs=VU-Q * vc
Vs=vu/® — vc
Vs=3850.8/0.75-1164.2= -3723.33kn No need reinforcement
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Minimum shear reinforcementis required:
Min(Avh/Sh)=0.0025*h
=0.0025*250=0.625

Select 10 ,tow layers

AVh=2* 7 *10%/4=157 mm?

157/Sh=0.625

Sh=157/0.625=251.2

Select Sh=200mm<Smax=Lw/5=600/5=120 cm.

=3*h =3*25=75 cm.

v" Design of Vertical Reinforcement:-

- —[0.0025 + 0.5 (2.5 - ) (222 _ 0.0025) ] 250

w Sp*h

AS— - [0.0025 +05 (2.5 - %) ( 7 _ 0.0025)]*250

200%250
AUU
— =0.736
Sy

Select 10 in Two Layer

_ 2xmx10?

Ayp = =157 mm2

7
= 0.621375

v

Sy=252 mm

- Maximum spacing is the least of :

Lw_ 6000 _ 2000 mm
3 3

3*h = 3*250 = 750mm

450 mm ....... Control

Use $10/200 mm for two layers
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Design
v Design of Bending Moment:-
6000
Ay = (200)*2*79 = 4710 mm?
A 4710 420
W=( “)f—y,z( ) = 0.0471
L,h/) £ \6000 * 250/ 28
P,
A== 0
lwhfe
cC_ wta 0.0471 40 00576
I, 2w+0858, 2%0.0471+0.85%0.85
oM, = 00,54, f1, (1 +—2y(1 — =)
n . st)Jy‘w Astfy 2lW

= 0.9[0.5 * 4710 * 420 * 6000(1 + 0)(1 — 0.0576/2)] = 5170.223 KN
> 32457.2KN.m

Mub=Mu-@Mn=32457.2 — 5170.223= -69.83 KN.m
X> W = 6000 1458 57 mm

600+ 600%.007
hw

=714 mm

Lb>

N | 3

Mub (moment carried by boundary steel)=27287 KN.m

_ _ (27287%10%6)/0.9 _
ASb—Mn/{Fy*(LW-Lb)}— m = 1375 mm”"2
select 8¢ 16 with As=1608 mm”2 for each boudary element
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Design
4.12 Design of Footing
s Material :-
= concrete B350 Fc' = 28 N/mm?
= Reinforcement Steel Fy = 420 N/mm?

Structural Analysis and

v" Load Calculations :- (From Column Group B)

Dead Load = 1714Kn, Live Load = 590Kn

Total services load = 1714+ 590 = 2304 Kn

Total Factored load = 1.2*1714 + 1.6*590= 3000Kn

Column Dimensions (a*b) = 40*45 cm
Soil density = 18 Kg/cm3

Allowable Bearing Capacity = 500 Kn/m2

T

2.3000

Fig 4.23 :Foot Section.
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Assume h = 60cm

Onetatiow = D00 — 25*0.6 — 18*0.4 — 25*0.7 = 460.3kn/m2

v" Area of Footing :-

Pt 2304

— — 2
= 1603 5.005m

A=

Onet-atiow
Assume Square Footing
B required =2.24 m
SelectB=2.3m

v’ Bearing Pressure :-

Qu = 3000/2.3*2.3 = 567.107 Kn/m?

v" Design of Footing :-

1- Design of One Way Shear Strength :-
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Critical Section at Distance (d) From The Face of Column

Assume h = 60cm , bar diameter g 14 for main reinforcement
and 7.5 cm Cover

d=600-75-14 =511 mm

B—-a
2

VU:qu*( —d)*L

2.3-0.4

Vu = 567.12*( — 0.511) 2.3 =572.62Kn

$VC :¢%*./fc'*bw *d

pNC = 0.75*%*@* 2300*511="777.387Kn

¢Nc=777.38KN >Vu =572.62Kn
. Safe

2- Design of Two Way Shear Strength :-

Vu=Pu-FR,

FR, =q, *area of critical section

Vu = 3000 - 567.107[(0.4 +0.511) * (0.45 + 0.511) | = 2503.5Kn

Structural Analysis and

[~ 5 KNim°

=77/\

Inclined crack 7

Critical section for

one-way shear Tributary area for

one-way shear

\TJ_.__

d

Column \D

One-way shear,

<

AN

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

1 2 [,
1| a g
¢\, = ¢. (bo " +2}/ f b,d

12

V. :¢.%Jf7bod
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Where:-
B Column Length (a) 45

L= . =—=1125
Column Width (b) 40

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

b, =2*(51.1+45) + 2*(51.1+ 40) = 374.4cm

%s =40 for interior column

AR =¢-1 1+ 2 \/fc/bod =E*(1+Lj* 28 *3744*511 = 3515.145Kn
6l B 6 1.125

1( « , 0.75,(40*511
Ve=g | > +2 | f bd="""% +2 |*/28*3744*511=4720Kn
Pe ¢12[b0/d j 12 ( 3744 j

PN =¢é\/fT b,d =%* 28 *3744*511 = 2530Kn

®Vc =2530 Kn>Vu=2503.5Kn ....safe .

3- Design of Bending Moment :-

Critical Section at the Face of Column

FR = qu+ (22) « L = 567.1 % (222%) *2.3 =1239Kn

2
Mu =1239* 1/2 = 620Kn.m

_ My _ 620x10°
T @bd2 T 0.9x2300x5112

Rn

= 1.147 Mpa

1 420
m= 4 ; =
0.85f¢ 0.85%28

p=i<1_ 1_w> =L<1_\/1_M) — 0028
m 420 17.6 420

As,req = pbd =0.0028%2300x511 = 3291 mm2

= 17.65

Asmin = 0.0018*2300*600 = 22484 mm?
As,req = 3291 mm2
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Check for Spacing :-

S =3h =3*60 = 180cm
280

S= 380*(2 ) 2.5*75=192.5¢cm

S=45¢cm ......... is control

Use 22¢14 in Both Direction, Asprovided= 3388mMm?2>As required= 3291 mmZ... Ok

Check for strain:-

Asfy _ 3388x420

= - = = 25.995 mm
0.85b fc 0.85%X2300%28
25.995
c=—= = 30.58 mm
B, 0.85

d—c 511 —30.58
& = 0.003 (T) = 0.003 (W) = 0..0471 > 0.005 ...... Ok

4- Design of Dowels :-

Load Transfer In Footing :-

®Pnb = ®(0.85fc'A, x \/%)

A1— 45 * 40 = 0.18 m?
=2.3*2.3=5.29m?

cDPn.b =0.65x% (0.85 x 28x180x 2) =5569.2Kn
®Pn =5569.2 > Pu =3000......... ok

No Need For Dowels

Load Transfer In Column ;-

®Pn.b =0.65x (0.85x 28x180) = 2784.6Kn
dPn = 2784.6 > Pu = 3000kn....... Not. .ok
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Chapter Four
Design
we Need For Dowels

As dowels =As coiumn

Use 18920, As, = 5652 mm?

5- Development Length In Footing :-

Tension Development Length In Footing :-

9 Fy

Yehsp
LdTreq =10 * A_\/E * WJ * db> 300mm

db

Ktr = 0 (Nostripes)

16 150
cb=75+7=83mm 0rcb=T=75mm

ktr+cb_0+75

7b 16 =468 > 2.5
ktr+cb_ 2c
db

9 420 1%1%0.8

Ldrreq = 15 * s ¥~ * 16 = 365.75 mm>300mm
LdT available = 23002_400 -75= 875 mm
Ldr avaitable = 825 mm >Id,.., = 395.054 mm........ OK

Compression Development Length In Footing :-

Ldcreq= %> 0.043*Fy*dB >200mm
Ldcreq= % = 266.69> 0.043*420*14= 252.84>200mm
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Chapter Four Structural Analysis and
Design
LdCreq: 267 mm

LdcCavailable = 600 — 75 — 14 — 14 = 497mm >LdCreq: 267mm ........ Ok

Lap Splice of Dowels In Column :-

Lsc = 0.071xfyxdb = 0.071x420 x20 =596.4 mm > 300 mm

Select Lsc = 600 mm

(1) 22T,14/10 L=265

23000
LY
- s
i
- [ "+}
e 0.4000
L]
s = T o~
E o | O.4500 22000 II
= | -l
= =
) 5
5 o4 D=
v o
o~
110
55

25 25
215
{13447, 1411001 265=

(Z)18T,14L165=

Fig 4.24 :Foot Reinforcement Details.
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Design

4.13 Design of Basement Wall:

7 = 37.05

SLLTTTTTT

1oy

Figure (4-21): Geometry of basement.

Fc¢’ =28Mpa Fy =420 Mpa
@ = 30° Y = 19.00KN/m3
Ko=1-sin®

=1 —sin30

= 0.50

4.11.1 Load on basement wall:

For 1m length of wall:
* Weight of backfill:

ql =Ko*y=*h
=0.50*%19.0*3.9 =37.05 KN/m
1 (Factored) = 1.6 *37.05 = 59.28 KN/m

* |_oad from live load:
LL=5 KN/m2
q2 = Ko * LL
=0.50 * 5 =2.50 KN/m
02 (Factored) = 1.6 *2.50 =4.0 KN/m
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Chapter Four

Design

4.11.2 Design of the shear force:

Assume h =300 mm,
d=300—-20—-14 = 266 mm

Vmax =46.4 KN

¢ fC"’cbW’cd
c="—""— "
N 6

_ ¢~/28*1000* 266
6

e =175.94KN

Vu <gVvc

No shear Reinforcement is required.

4.11.3 Design of bending moment:
Mu max =66.66 KN.m

Mu 66.66
=——=74.066 KN.m

Mn =49~ 09

Mn %10  74.06 * 10°
bxd2 1000 * 2662
F 42

_ y _
T 0.85xfc’  0.85%28 17.65

1 2*x kn*m
p=—x|1- [l ———
m Fy

Kn = = 1.0468 Mpa

m

1 2 % 1.0468 x 17.65
= 11— |1-—
17.65 420

=2.55%1073
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Chapter Four Structural Analysis and
Design

Asreq=p*b*d = 2551073 %1000 * 266 = 6.783 cm?/m
Asmin = 0.0012 *b xh = 0.0012 * 1000 * 300 = 3.60 cm?/m
Amin < Areq

Select p12@15cm/m

Vertical reinforcement at compression face:

As req =As min = 3.60 cm?/m

?10@15cm/m

4.10.4 Design of the horizontal reinforcement:
Asmin = 0.0012 xb xh = 0.002 * 1000 * 300 = 360cm?/m

Selectp10@20cm/m, in two layer.

gle
i
i

x i 4
9 )
1
4O06'm -
<
\ |
9 S
= &
2 < =
= =
e ] e
-
(
< m
/ F 3 /
o10/154 L X
1 £§2012'15
3 <
‘:!Q]’ 15 - /
! | ' 1 A
—— e " [ — o1 @ Icm.
28 @) 914 @ 10an
“ = \
@28 @ 10cm . .
CL — ML T v o 4 5_
o

Figure (4-22): Reinforcement for Basement Wall.
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